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Abstract

:

In the 21st century, traditional construction activities exert a severe negative influence on the environment and ecology. To mitigate the negative influence of construction, green buildings have received increasing attention worldwide. Compared with conventional buildings, green buildings have significant advantages for environmental conservation and public health. Although green buildings bring excellent benefits, the development status of green buildings in China is still unsatisfactory. To enhance the understanding of green buildings and promote green building development in China, this study was undertaken to conduct a systematic review of green building development in China. The PRISMA protocol was used as the primary procedure for article screening and selection. This review was conducted between March 2022 and May 2022. In this study, 186 articles were reviewed, and the definition, development trends, evaluation standards, importance, and hindrances of green buildings in China were summarized and discussed through the systematic review. Moreover, the benefits, challenges, and future directions of green building promotion and development in China were discussed and analyzed. This study can promote public familiarity with the current situation of green buildings in China to boost their development. In addition, this study can also provide practical advice to green building stakeholders on the future direction of green building development in China.
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1. Introduction


In the 21st century, the construction industry has exerted a considerable negative impact on environmental conservation and sustainable development worldwide. According to the report of the Global Alliance for Buildings and Construction, the building sector accounted for 36% of global end-use energy consumption and 37% of global energy-related CO2 emissions in 2020 [1]. Moreover, the emissions intensity and energy intensity related to buildings were, respectively, 48 KgCO2/M2 and 606 MJ/m2 in 2020 [1]. In China, the pollution and toxic gas emissions caused by construction activities are severe [2,3,4]. Due to the enormous construction activities in China, the average PM10 (inhalable particles with diameters of at most 10 μm) emission density reached 69 μg/m3 in 2021 [5]. Moreover, the building and construction sectors produce over 10% of contaminated particulates [6]. Given the severe pollution and toxic gas emissions caused by the building sector, a large number of residents suffer from respiratory diseases, pneumoconiosis, heart disease, and lung cancer [7,8].



Green building is deemed a vital method to mitigate the negative influence caused by construction activities. According to the Evaluation Standard of Green Building in China, green buildings are buildings that provide environmental benignity, energy savings, pollution reduction, healthy residential environments, and comfortable utilization experiences throughout the entire lifecycle of the asset [9]. Compared to conventional architecture, green buildings have some significant advantages and benefits, including a low negative environmental impact, no toxic gas emissions, a preference for recycled materials and renewable energy utilization, and high residential satisfaction [10,11]. Based on the abovementioned contributions, green buildings have significant advantages regarding environmental protection and public health optimization.



Despite the significant advantages and benefits of green buildings for environmental protection and ecological improvement, compared to developed countries, the development situation of green buildings is relatively backward in China. According to the report of the China Real Estate Association, only 14.9% of certificated green buildings were three-star green buildings in 2018, and 48% of green buildings can meet only the lowest level of green building requirements [12,13]. Moreover, only 4.5% of buildings obtain the green building operation certification in China [13,14]. A significant impediment to the development of green buildings in China is the insufficient understanding of green buildings [14,15,16]. As a form of construction requiring innovative technology, the local governments and construction companies are not familiar enough with this approach. This obstacle leads to a relative lag in the development of green buildings in China [17,18]. In addition to the lack of familiarity with green buildings, the unclear future direction of green buildings is also a significant impediment to the green buildings’ promotion. The vague future paths lead to substantial financial wastage and insufficient confidence among green-building-related stakeholders. According to Chan et al. [19] and Kasai and Jabbour [20], the major barriers to green building development in developing countries are the lack of understanding of green buildings and the immature green building development measures. Shen et al. [21] pointed out that public familiarity and a proper direction for development are the critical success factors for the development of green buildings in developing countries. The lack of public familiarity with green construction and future trends can lead to the insufficient confidence of AEC (Architecture, Engineering and Construction) industry personnel in green buildings, which hinders the development of green buildings in China [22,23,24,25].



Based on the abovementioned background, to promote the development of green buildings in China, it is necessary to review the green building development status in China and explore the future development directions of green buildings in the country. There have been some articles that summarize the development status of green buildings in China [11,14,26,27,28,29,30,31,32,33,34]. Huang et al. [27] and Wu et al. [14] revealed the obstacles to green building promotion and development in China. Lu et al. [11] and Wang [30] explored the construction technologies that can be utilized in green buildings. Moreover, Zhao et al. [33] summarized the building information modeling (BIM) utilization method in the design phase of green buildings. Besides these, Guo et al. [26] and Yang et al. [31] reviewed the assessment frameworks of green buildings. However, most of the abovementioned articles focus on specific aspects or areas of green building development, instead of providing comprehensive reviews of the development status and future trends of green buildings in China. Moreover, the majority of these reviewed articles do not include systematic literature reviews. Compared to the traditional literature review, the systematic review can support other scholars in integrating available information and providing data for decision making through effective patterns [35]. Furthermore, systematic reviews can determine whether the scientific findings are consistent and can be generalized across the green buildings located in various countries [36,37,38,39]. In addition, the fixed article screening and analysis procedure utilized in the systematic literature review can support the researchers in eliminating bias and enhance the precision and reliability of conclusions [35,40].



To fill the abovementioned research gap, it is necessary to perform a study to review the green buildings in China and explore the future directions of green building development in China. Thus, given the background mentioned above, this study was developed to conduct a systematic review of green building development in China. To complete this systematic review and achieve the abovementioned aim in this study, the following research questions were developed:




	
What is the development situation of green buildings in China?



	
What are the advantages and disadvantages of green building development in China?



	
What is the future direction of green building development in China?








To solve the abovementioned research questions, the following research objectives were developed by the authors:




	
To identify the development situation of green buildings in China;



	
To discuss and analyze the benefits and challenges to the development of green buildings in China;



	
To summarize the future directions of green buildings in China.








There are five sections in this study. Section 1 is the introduction. The research background, problem statement, research aim, research questions, and research objectives are demonstrated in Section 1. The research methodology is presented in Section 2. Section 3 includes the results of this systematic review. Moreover, the benefits, challenges, and future directions of green building development in China are shown in Section 4. Then, the conclusion of this study is demonstrated in Section 5. In Section 5, the advantages, challenges, and future directions of green building development in China are also presented.




2. Methodology


The systematic literature review approach is adopted to perform this study. As an effective review method, the systematic review can enable researchers to identify and screen the evidence relevant to specific issues or questions and appraise and summarize the research outcomes of the review to be applied in practice, regulations, and further studies [41,42,43,44,45]. According to Aromataris and Pearson [46], Munn et al. [47], and Pearson [48], the systematic review has significant contributions in the following aspects: revealing the potential evidence or rules; confirming the current method or procedure/resolving any discrepancies/determining new practices; identifying the direction for future studies or further research; identifying and analyzing the conflicts of the research results in different studies; developing guidance for decision making.



To conduct the systematic review, the preferred reporting items for systematic reviews and meta-analyses (PRISMA) model [49] is adopted in this study. There are four steps in the process of PRISMA, as in the reviews that were conducted by Cao et al. [50], Regona et al. [51], and Yigitcanlar et al. [52]. The steps of PRISMA that are conducted in this study are presented below:




	
Determine the databases and keywords that are utilized in the process of article searching and retrieval.



	
Put forward the search strings and inclusion and exclusion criteria adopted in the article search and screening in this study; moreover, the preliminary articles’ retrieval and screening are conducted based on the abovementioned search strings and criteria.



	
Perform the qualitative screening of retrieved articles by reviewing their titles, keywords, and abstracts (check which articles meet the inclusion criteria).



	
Conduct the full-text review of the remaining articles.








The detailed procedure of the systematic review in studies contains three phases: planning stage, review stage, and categorization stage.



Planning stage (Stage 1): Scopus and Web of Science (WoS) are adopted as the databases in this study. In the process of article searching, the searched articles included conference papers, articles, review articles, books, book chapters, conference reviews, and proceedings papers that could be retrieved in WoS and Scopus. Given the limitations of the authors’ language skills, non-English articles were not permitted to be included in this study. Moreover, studies that did not perform peer review could not be included in this study. The keywords that were utilized in the process of article search and retrieval are presented below: “green building”, “the development of green building in China”, “green building evaluation standard”, “green building assessment”, “green building importance”, “green building contribution”, and “green building barriers”.



Moreover, the research strings (as shown in Table 1) are prepared in this stage for the article search and retrieval process (Stage 2). Besides this, the inclusion criteria and exclusion criteria (as presented in Table 2) are also developed in the planning stage to be utilized for the further article screening and selection.



Conducting the review stage (Stage 2): The article search and screening were conducted between March 2022 and May 2022. Through the preliminary article search based on the search strings that are presented in Table 1, there were 2027 articles (962 in WoS and 1065 in Scopus) retrieved by the researchers (excluding the articles written in non-English languages and not in the required format). In the next step, 138 duplicated articles and 175 invalid articles were removed. Thus, 1714 articles remained after the elimination of duplications and invalid papers. Then, based on the inclusion criterion and exclusion criterion that are mentioned in Table 2, the remaining 1714 articles were subjected to qualitative screening by reviewing their titles and keywords. In this step, 972 articles were excluded because their titles or keywords could not be matched with the research aim and objectives in this study. Thus, 742 articles remained after the screening of titles and keywords. Then, these 742 articles were subjected to the further quality screening by inspecting their abstracts based on the inclusion criterion and exclusion criterion (as shown in Table 2), and 351 articles were removed due to mismatched abstracts. In the next step, the researchers conducted a full-text review of the remaining 391 articles based on the inclusion criterion and exclusion criterion (as demonstrated in Table 2). In this process, 205 articles were excluded because of the insufficient quality or mismatched directions of their contents. Finally, 186 articles were included in this study.



Categorization stage (stage 3): In Stage 3, the remaining 186 articles were categorized according to their content. Through categorization, it can be identified that the content of these remaining articles covers the following perspectives:




	
− The definition of the green building;



	
− The trend of green buildings in China;



	
− Green building assessment systems in China;



	
− The importance of green buildings;



	
− Green building development barriers in China.








The process of classification is shown in Table 3.



Before green buildings were introduced into China, green buildings originated and experienced favorable development in developed countries. To provide a more comprehensive review of the definitions’ evolution and the development trends of green buildings in China, some articles that focus on the definition and history of green buildings in developed countries, instead of China, are also included in the study. Moreover, the authors of the green building assessment framework in China took into account the green building evaluation standards of developed countries in their compilation process. To provide a comprehensive review of green building assessment standards in China and develop an effective comparison of green building assessment standards in China with green building evaluation frameworks in other developed countries, the articles that discussed the green building evaluation standards in developed countries are also included in the study. The entire process of article searching and screening in this study is presented in Figure 1.




3. Results


3.1. Descriptive Analysis


Through the article retrieval and screening described in Section 2, there were 186 articles included in this study. After the article search and screening procedure was completed, these selected studies were subjected to the systematic review through reading their full texts. The articles published per year are presented in Figure 2.



Through the systematic review of the included articles, it could be identified that the reviewed articles on green buildings date back to the 1980s. Between 1980 and 2010, green buildings have gained some attention worldwide. In this study, the number of included articles in each decade from 1981 to 2010 was less than five. There were less than five reviewed articles published in 2012 and 2013. Research on green buildings’ development and promotion in China gradually advanced in this period. Between 2014 and 2016, there was a significant increase in green building development in China. Over 10 reviewed articles were published per year from 2014 to 2016. Since 2017, the studies on green building development in China have been dramatically improved and attracted significant attention from the research industry. In this period, the quantity of related articles published has continuously increased (from 20 in 2017 to 29 in 2021). This indicates that green buildings have become the primary research domain in China.



The article search and screening process was conducted between March 2022 and May 2022, so the articles published after May 2022 were not included in this study. The limitation of the research duration led to an insufficient quantity of included articles that were published in 2022. Thus, despite only 15 reviewed articles published in 2022, it cannot be concluded that the green building research declined in China in 2022. Moreover, given that 15 articles published in the first five months of 2022 alone are included in this study, this phenomenon can indirectly indicate that green buildings are still essential and relevant in 2022.



From the perspective of the publication source, it can be identified that the reviewed studies were retrieved from 67 journals, 14 conferences, and 10 books. The ranking of the journals in which articles were published is demonstrated in Figure 3 (due to the length limitation of Figure 2, only the top ten journals/conferences/books with the highest number of articles in this study are included).




3.2. Result Analysis


After performing the systematic review of the contained articles, the content of these articles could be categorized into five categories, including the definition of green buildings; the trend of green buildings in China; green building assessment systems in China; the importance of green buildings; green building development barriers in China.



3.2.1. Definition of Green Building


The green building can be dated back to the 1960s. In 1969, the concept of the “ecological building” was developed by American architect Ian Lennox McHarg in the publication “Design with Nature” [53,54,55]. According to the United States Environmental Protection Agency (EPA), due to the energy crisis, the optimization of energy conservation and development of renewable energy sources became a significant trend in the USA and Europe in the 1970s [56,57]. This issue led to the earliest experiments with contemporary green buildings [56,57]. In 1975, “Energy-Saving in Design for New Building” was developed by ASHRAE (American Society of Heating Refrigerating and Airconditioning Engineers). This was the first contemporary green building standard [58]. In the 1980s, the United Nations Environment Program published the “Our Common Future” report, which signified the formal establishment of sustainable conceptual development [59,60,61,62]. In 1992, the Environmental Resource Guide and Energy Star program was formulated by the American Institute of Architects (AIA) and EPA. Green buildings gradually became the direction of development in developed countries [63]. Since the 1990s, various green building assessment standards have been formulated in developed and developing countries, such as the USA, Britain, Canada, Australia, Japan, Singapore, and China [56,64,65,66,67,68].



There is an international definition of green buildings. According to the World Green Building Council [69], green buildings are assets that can reduce negative impacts on the natural environment in their design, construction, operation and maintenance, and demolition phases. In this definition, green buildings obtain the following characteristics: resources and energy conservation; a preference for renewable energy, such as wind, solar, and hydropower; a reduction in pollution and waste production; a preference for safe and recyclable materials; high environmental quality and residential comfort; complementarity to the local natural environment and ecology [11,67,70].



The definitions of green buildings display diversity in different countries and organizations [71,72,73,74,75,76]. The US Green Building Council [77] defined green buildings as an effort to provide a comfortable living experience and reduce the damage to the ecology and environment in their entire lifecycle. The EPA [78,79,80] stated that a “green building is the practice of creating structures and using processes that are environmentally responsible and resource-efficient throughout.” Besides the abovementioned concepts, the Singapore Green Building Council (SGBC) stated that the concept of green buildings should include education enhancement, job creation, community improvement, and health protection [81]. In China, the definition of green buildings can be summarized as “Four Savings and One Benign”, which states that Chinese green buildings should be energy-saving, land-saving, water-saving, material-saving, and environmentally benign [82,83,84,85,86,87]. In this definition, energy saving does not only mean a reduction in energy consumption, but also the use of clean and non-fossil-based energy sources [9,88]. From the viewpoint of land saving, green buildings are required to reduce ecological land occupation and ruin [9]. From the perspective of water and energy, it is necessary for the green buildings in China to adopt wastewater purification technologies to increase water recycling, instead of merely minimizing their water consumption [9,89,90]. Further, from the viewpoint of environmental benignity, it is essential for the green buildings to be suitably integrated into the local ecology and environment, and the green buildings and the environment are required to have reciprocal benefits in their lifecycle [9,89,90,91].



In addition to environmental conservation, green buildings also have requirements in terms of economic and social aspects. From the perspective of economic and expenditure, green buildings are required to reduce their direct costs, indirect costs, maintenance costs, and construction time throughout their lifecycle [92,93]. From a social perspective, green buildings need to provide residents with a comfortable residential experience and enhance their comfort and happiness [9].



Above all, despite differences in various definitions, there are also standard features among these definitions. These features can be summarized as lower lifecycle costs, lower pollution emissions, lower negative effects on the environment, lower utilization of non-renewable energy resources, and better building quality and residential comfort.




3.2.2. The Trend of Green Buildings in China


Compared with developed countries, the development of green buildings in China was relatively late. In 1986, “Energy-Saving Design Standards for Civil Buildings” was published by MOHURD (Ministry of Housing and Urban-Rural Development of China) [68,70,94]. With this, the concept of energy conservation was formally introduced in the Chinese AEC industry [68]. In 1996, the “New Urban Building Energy Efficient Standard System” was issued, which effectively improved the standardization of energy-efficient methods in China [70,95,96]. In 2003, Tsinghua University drafted the “Green Building Assessment System”, and “green building” was formally developed as an industry term in this report. This was followed by the establishment of the “Evaluation Standards for Green Building (Version 1)” [70,97,98], marking the beginning of the official promotion of green buildings in China.



Although the development and promotion of green buildings was relatively late, the tremendous benefits of green buildings encouraged the Chinese government to promote the development of green buildings strongly. From a policy perspective, the Chinese government provided a significant contribution to green buildings. The promotion of green buildings and green construction was settled as an essential developmental aspect by the Chinese central government in the National Economic and Social Development Planning Outline for 2011–2015 [68]. The National People’s Congress (2011) stated that the energy efficiency rate should reach 65% in major cities (such as Peking and Shanghai). MOHURD put forward “The 13th Five-Year Plan for the Development of the Construction Industry”, which stipulates that the proportion of green buildings in new construction should reach 50%. The proportion of environmental materials adopted should reach at least 40% of the entire projects in 2021 [68,70,99,100,101]. In the “Green Building Creation Scheme” jointly issued by MOHURD and the National Development and Reform Commission, green buildings were officially included in the government’s performance assessment indicators, and local governments were required to enhance the financial support and publicity of green buildings [102,103].



Besides policy support, economic incentives were also introduced in China. According to Chang et al. [104], the economic incentives in China include subsidies, awards, and financial innovation. The earliest official green building subsidy in China was implemented in 2006. In 2006, the “Interim Measures for the Management of Special Funds for Renewable Energy Applications in the Construction Industry” was jointly published by the MOF (Ministry of Finance) and MOHURD [104,105,106]. In 2011, the MOF and MOHURD formulated the subsidy standards for renewable energy and photovoltaic systems in green buildings in China. From the perspective of awards, currency support regulations for green buildings were established by the Chinese central government [13,102,107]. Contractors can obtain monetary rewards according to the star rating and area of their green building projects (45 Yuan/m2 for Two Star green buildings, 80 Yuan/m2 for Three Star green buildings) [104]. According to the review by Liu et al. [108], the central government of China allocated 24.4 billion Chinese Yuan (CNY) to green buildings’ retrofitting as an economic incentive measure. In terms of financial innovations, the Public–Private Partnership (PPP) was introduced into green building projects. Through Public–Private Partnership promotion, the green-building-related authorities can encourage the government to cooperate with private enterprises and utilize social capital to deliver public green building services in China [36,109,110,111]. According to the statistics from the International Institute of Green Finance [112], by 2020, the cumulative number of green PPP projects in China had reached 5826, with a 58.1% share of green PPP projects.



From an educational perspective, green buildings are given importance by higher education organizations [113]. In 1996, the report “Population, Environment and Development in China in the 21st Century” was published by the Ministry of Construction in China. This report was deemed the initial development measure for the integration of green building promotion and development and professional education in China [113,114]. Moreover, Niu et al. [115] pointed out that over 300 Chinese universities and colleges have cumulatively developed green-building-related courses or programs since 1997. According to the survey by Gao et al. [116], 67.3% of architecture universities, colleges, or research institutes in China offer green-building-related courses to undergraduate and postgraduate students.



Given the effective contributions in various aspects, the development and promotion of green buildings in China has improved significantly. According to the “China Green Building Market Development Research Report 2020”, there were approximately 24.7 thousand national green buildings in China that year. The gross area of green buildings had reached approximately 5.984 billion square meters by 2020. Between 2016 and 2020, there were approximately 3500 new green building projects annually [32,101,117]. By 2018, the proportion of top-rated green buildings in China had reached 14.9% [68].




3.2.3. Green Building Assessment System in China


From the green building assessment systems perspective, there are approximately 70 assessment standards in China [118]. The most popular and essential assessment system is the “Evaluation Standard for Green Buildings (ESGB)”, which was developed by the Central Committee of the Communist Party of China (CCCPC). The certification of ESGB is necessary for green buildings in China [89]. In ESGB, evaluation items are categorized as prerequisite items and optional items. The prerequisite items are the requirements that must be achieved, and the optional items are in the form of scores that are used to calculate the total score of the green project [119]. The concept of extra credit was introduced in ESGB 2019. This measure encourages the contractor to further enhance the project’s sustainable performance based on meeting the basic standards and adopting innovative tools (e.g., BIM) [120]. There are seven aspects of green buildings that are considered during the assessment: basic requirements; safety and durability (8 prerequisite items and 9 optional items); health and comfort (9 prerequisite items and 11 optional items); occupant convenience (6 prerequisite items and 13 optional items); material conservation and recyclable materials adoption (10 prerequisite items and 18 optional items); environment livability (7 prerequisite items and 9 optional items); promotion and innovation (10 extra credit items) [82,121,122,123].



In addition to the ESGB, LEED (Leadership in Energy and Environmental Design) and BREEAM (Building Research Establishment Environmental Assessment Method) are also adopted as green building evaluation standards [124,125,126,127]. By 2021, there were approximately 24,700 green building projects awarded ESGB certification, 2600 projects (over 95.8 million square meters of certificated area) awarded LEED certification, and approximately 120 projects (approximately 11.6 million square meters of certificated area) audited for BREEAM certification in China [91,128]. From 2000 to 2016, LEED-certified green buildings cumulatively reduced energy consumption in China by 69.3 million USD (52.3 million USD in electricity consumption and 8.29 million USD in natural gas utilization [129]).



Compared with the above green building assessment systems, it can be identified that the evaluation criteria of ESGB are more suitable for the national conditions of China [9,26,67,82,118,119,130,131]. In the ESGB, most of the evaluation criteria are result-oriented instead of process-oriented [82]. Most of the indicators focus on the performance, structure, comfort, energy consumption, and material utilization in green buildings [82]. There are very few regulations that address the energy conservation activities, the design, and the construction process of green buildings. For example, LEED states that the distance between the construction site and the material storage point for green buildings should not exceed a certain distance, as materials can be contaminated, wasted, and lost during transportation [125]. However, the ESGB lacks similar provisions [90]. This trend prompted Chinese green building designers and constructors to focus their efforts and resources on improving the performance and comfort of green buildings [126]. Moreover, these abovementioned regulations can prevent Chinese green building construction companies from fraudulently claiming credit in the ESGB through false environmental conservation construction activities to some extent. The rating levels of BREEAM include Pass (30–44 points), Good (45–54 points), Very Good (55–69 points), Excellent (70–84 points), and Outstanding (85 points and above) (BRE, 2021). According to the US Green Building Council (2021), the green building projects that are assessed by LEED are categorized as Certified (40–49 points), Silver (50–59 points), Gold (60–79 points), and Platinum (80 points and above). In China, when a green building project is completed, the green building is required to be assessed according to the ESGB and is awarded One Star (50–59 points), Two Stars (60–79 points), or Three Stars (80 points and above), respectively, according to its overall score [132].



The Chinese ESGB has a different focus and assessment approach compared to mainstream green building assessment systems in other countries. ESGB emphasizes the application of energy efficiency measures, while LEED and BREEAM focus on the assessment of energy efficiency [133]. The above rating systems also include different weights for specific aspects of assessment [134]. In ESGB, the energy category (28%), material conservation and recyclable materials adoption (19%), and indoor environment quality (19%) are defined as the three most important assessment items, which differs from the weighting rankings of LEED (33% in energy category, 17% in location and transportation, 16% in indoor environmental quality) and BREEAM (22% in energy category, indoor environment quality, 14% in management and materials) [83,89,135,136]. In summary, the ESGB was formulated under the natural environmental and social conditions of China [137]. BREEAM was developed to be relatively suitable for Europe. LEED was developed as an assessment system suitable for global dissemination [137].



Comparing ESGB, LEED, and BREEAM, it can be identified that although these green building evaluation systems have different assessment criteria, evaluation items, and weightings, the underlying logic of these evaluation frameworks is identical [138]. Among the assessment criteria, it is observed that they ensure the fulfilment of the basic requirements of green buildings through prerequisites [89]. In addition, the certification degree of the green building is identified based on the score of the optional requirements with different weights [89]. Moreover, additional scores are adopted to motivate green building stakeholders to consider innovative technology adoption.




3.2.4. The Importance of Green Buildings


The energy utilization and gas emissions of the AEC industry have received scholarly attention worldwide. According to the United Nations Environment Program, the energy utilization in the construction industry accounts for approximately 40% of the global total energy consumption, and approximately 30% of greenhouse gas emissions are related to the AEC industry [39]. Meanwhile, AEC activities consume vast amounts of natural resources and generate massive amounts of waste [139]. The China Building Energy Consumption in 2020 Study Report [140,141,142] stated that the total energy consumption in construction was 2.147 billion TCE (Tons of Standard Coal Equivalent) in 2018, representing 46.5% of the total annual energy consumption in China. The entire building carbon emissions in construction in China totaled 4.93 billion TCo2, and 51.3% of China’s annual carbon dioxide output is due to this factor [140,143,144,145]. W. Lu et al. [146] revealed that the waste materials produced in the construction and demolition stage of buildings in China in 2014 amounted to approximately 1.13 billion tons.



Green building is pivotal in mitigating the negative impacts of construction activities [147,148,149]. From the standpoint of reducing greenhouse gas emissions and energy use, green buildings have significant contributions due to their preference for recyclable materials and energy, low-carbon components, and sustainable operation and maintenance patterns [150,151,152,153]. Based on the survey by MacNaughton et al. [154], the LEED-certified green buildings cumulatively eliminated 33,200 kilotons of CO2 emissions, 91.12 kilotons of air pollutants, and 55.56 billion kW.h of electricity consumption from 2000 to 2016. Between 2000 and 2016, the health advantages of LEED-certified green buildings in the USA assisted in eliminating approximately 172–405 premature deaths, 171 cases of hospitalization, 11,000 asthma flare-ups, 54,000 cases of respiratory damage, 21,000 cases of unemployment, and 16,000 school losses [129]. Compared with regular construction, Dwaikat and Ali [155] found that the reduction in energy consumption in investigated green buildings was approximately 71.1%, and the energy conservation was approximately 5756 kWh/m2 in the lifecycle of construction. In the case study of Balaban and Puppim de Oliveira [156], the decrease in energy utilization intensity in the selected green building projects was, respectively, 33% and 26%. Besides this, the chosen projects decreased their CO2 emissions intensity by 38% and 32% compared to benchmark values. In comparison to conventional construction, Eisenstein et al. [157] revealed that LEED-certified green buildings could produce 50% less greenhouse gases (GHG) owing to water usage and 48% less GHGs related to solid waste optimization. If LEED standards could be utilized in an entire California office building stock, the potential gross decline in GHG emissions would amount to approximately 862,920 MgCO2e/year [29,158,159].



Green buildings can provide adequate support for expenditure conservation and value improvement. According to Chen et al. [160], Kim et al. [161], and Liu et al. [162], the economic benefits of green buildings can be considered through following approaches:




	
Through mitigating energy consumption, construction waste generation, sanitation expenditure, and devices’ operation and maintenance disbursement to reduce green building expenditure during their construction, operation, maintenance, and refurbishment stages;



	
Through the incremental benefits that are created by green-building-related applications and advanced technologies (they are generally more expensive than conventional buildings to achieve the same quality);



	
Through the combined cost-effectiveness of green buildings throughout their lifecycles.








Between 2000 and 2016, the energy expenditure worldwide decreased by approximately 7.5 billion dollars with the assistance of LEED-certified green buildings, which also brought an estimated 5.8 billion dollars of co-benefits in climate and health to the USA, Brazil, China, Germany, India, and Turkey [129]. Balaban and Puppim de Oliveira [156] announced that the average annual economic benefit generated by selected green buildings in Japan was 116 million Yen, equivalent to approximately 1000 Yen per square meter. In addition to reducing operational expenditures, green buildings have remarkable benefits in boosting price premiums, rent premiums, and Willingness-To-Pay (WTO) [163]. The Sustainable Energy Authority of Ireland [164] stated that upgrading green buildings in Ireland from F-Level to B1-Level can result in a price premium of EUR 1617 or a rent premium of EUR 1119. L. Zhang et al. [165] calculated that the green building premium is approximately 6.9% in China. The premium for green buildings in the Netherlands ranged from 1.1% to 6.5% [166]. According to interviews among occupants and residents, the WTP for green buildings in China, Singapore, and Switzerland was, respectively, 2.1–22.9%, 3.8–8.0%, and 3.0–5.0% [167,168,169].



Green buildings have significant contributions to the improvement of residents’ comfort and health, users’ experiences, and efficiency [151]. From the viewpoint of health and occupants’ comfort, green buildings can effectively reduce the exposure of occupants to harmful materials and toxic gases [170,171]. Moreover, given the favorable natural ventilation and light in green buildings, they can provide the appropriate thermal comfort for occupants [156,172]. Besides this, the health protection and purification approaches adopted in green buildings can beneficially eliminate water contamination and reduce the spread of harmful bacteria inside the building [156]. Moreover, the psychologically appropriate interior plan and green plants’ placement optimization in partially green buildings can improve the occupants’ psychological condition [173,174,175].



According to the social experiments by Buonocore et al. [176] and Cedeño-Laurent et al. [177], there was less negative feedback and symptom reports from green buildings’ occupants compared to traditional constructions. Among the participants in the green building group, there was a 91% reduction in feedback about insufficient airflow, a 28% reduction in feedback about unpleasant smells, and a 63% reduction in feedback about dryness compared to the participants who were residents of regular buildings. Furthermore, green buildings can assist individuals by providing a 65%, 28%, 67%, 70%, and 50% reduction in sensory, cognitive, respiratory, eye and skin, and viral symptoms, respectively [154]. Holmgren et al. [178] highlighted that the advantages of green buildings are increased workplace satisfaction and the ability to induce a more positive perception of certain aspects of the interior environment. The suitable carbon dioxide concentration and total volatile organic compound concentration in green buildings sustain the occupants’ favorable user experience and working efficiency [179]. Allen et al. [180] stated that the Basic Activity Level and Focused Activity Level of employees could be improved, respectively, by 35–37% and 44–52% when they work in green buildings (total volatile organic compounds under 450 μg/m3). Respondents in LEED buildings assessed their job performance as 114% higher than employees who performed similar jobs [181,182]. Dreyer et al. [183] concluded, in their questionnaire survey, that green buildings can effectively enhance the hedonism and eudaimonia of participants and mitigate their negative wellbeing. Low-carbon green buildings can obtain more satisfactory evaluations than conventional buildings [178]. According to the data analysis of green buildings in the Middle East by Elnaklah et al. [182], 85% of TSVs (Tab-Separated Values) in selected green buildings fell within the ASHRAE (American Society of Heating, Refrigerating and Air-Conditioning Engineers) acceptable comfort zone criteria, being better than conventional buildings, which demonstrated that selected green buildings have better thermal comfort. In a survey about sustainable retrofitting in the university canteen buildings of Shandong Jianzhu University, the satisfaction with the spatial shape, interior layout, and dining experience improved by 38%, 39%, and 67% after the sustainable retrofitting was conducted [184].




3.2.5. The Barriers to Green Building Development in China


From a technological standpoint, green buildings require innovative technologies in their design, construction, operation, and maintenance [156,185,186]. Given the environmental benignity, energy conservation, low greenhouse gas emissions, and absence of toxic materials in green buildings, stakeholders prefer to adopt multiple advanced technologies to meet the evaluation criteria for green buildings, including building information modeling, digital twin, smart building, RFID (Radio Frequency Identification Devices), and so on [11,37,68]. In the technology aspect, the inconsistency of software standards in different technologies utilized in green buildings’ lifecycles is the most significant barrier [187,188,189,190]. In the process of BIM and digital twin implementation in green buildings, the IFC (Industry Foundation Class) and gbXML are adopted as the data organization formats [191,192,193]. Moreover, the IFD (International Framework for Dictionaries) is utilized to determine the designations and definitions of the various objects and components in the BIM and digital twin model [194,195]. Moreover, IDM is performed to deliver the demand for corresponding data in the entire processes [187,188]. In the integration of smart cities with green buildings, the CityGML (Geography Markup Language) is the most common data organization format to be applied [196,197,198]. However, the abovementioned standards and formats are difficult to interface directly with traditional 2D drawings and the conventional design and construction management software due to the mismatched formats [199]. Furthermore, green buildings commonly require multiple third-party devices to collaborate with each other in their operation and maintenance process, but the deficiencies of common data standards lead to their insufficient compatibility in green buildings’ facility management processes [200].



According to Huang et al. [27], over 85% (175/205) of respondents believed that the mismatched standards led to inefficiencies and errors in multi-technology cooperation. Moreover, the insufficient compatibility of these advanced technologies is deemed a severe barrier to the collaboration and communication between stakeholders in different organizations [37,201,202,203].



Besides the above, inadequate training regarding these advanced technologies for design and construction personnel is a significant obstacle to the development and promotion of green buildings in China [11,204,205,206,207]. In the process of BIM and digital twin utilization in green buildings, many stakeholders can work on the same platform or software. Their outputs can be integrated into one single file. This issue leads to the blurring of intellectual property rights [208,209,210]. Given that the stakeholders are collaborating on the same platform and files, the boundaries between contributions from different stakeholders are challenging to define [209,211,212,213,214,215]. Moreover, this obstacle can cause conflicts of interest and intellectual property ownership between stakeholders [208,209,210,214]. Moreover, a report from the Shanghai Municipal Commission of Housing Urban-Rural Development and Management highlighted that the development of green buildings in China is hampered by the uncertain functional positioning of building energy conservation technology systems and operational energy efficiency constraints in public buildings [12,108,216,217].



From the financial standpoint, the high cost of green buildings has been a critical problem for green-building-related stakeholders in China [80,155,218,219]. Dwaikat and Ali [220] pointed out that the cost premium in the green buildings investigated in their study could reach 21%. According to the survey by Taemthong and Chaisaard [221], the cost premiums of green buildings awarded gold and platinum certification are slightly higher than conventional buildings’ costs at 2.15% and 8.92%, respectively. Although green buildings have a lower expenditure for energy consumption during their operation and maintenance processes compared to conventional buildings, the high initial cost causes hesitation among clients and contractors regarding green buildings [23,27,80,222].



Furthermore, according to the summary by Ding et al. [89], it is difficult for contractors to balance income and expenditure in partial green building projects in China. Although there are economic incentive measures and cost savings in operation and maintenance, high upfront costs lead to the hesitation of contractors in green building projects. According to the review by Darko and Chan [38], green buildings have higher expenditures than regular (non-green) structures in their construction processes. The additional expenditures include the increased purchasing costs, green-building-related device installation charges (such as geothermal heat pumps and solar equipment), installation fees, and higher labor costs. Besides these, China lacks a mature green building market mechanism, and the transparency of the green building market needs to be improved [89]. The abovementioned phenomenon leads to a long payback period and inferior Return of Investment (ROI) for green building projects in China. Due to the high price sensitivity of clients, clients prefer to adopt low-expenditure design-build solutions or conventional construction materials and equipment from local contractors, instead of green-building-related devices or technologies [218,222].



From the perspective of regulations, given the absence of the effective monitoring of the construction and operation of green buildings by the authorities, partially certified green buildings cannot fulfil the criteria of the “Evaluation standard of Green Building in China (2018)” [95,216]. Moreover, Chang et al. [104] point out that a gap still exists between macro-control by the central government and policy implementation by local governments; in addition, the concept of green buildings is not popularized among the Chinese public. In the operation and maintenance stage of green buildings in China, the supervision and monitoring mechanism is deficient, which causes a decline in the quality of the operation and maintenance phase [13,107,135].



Moreover, given the differences in policies and regulations related to green buildings in different provinces in China, regulatory barriers can add to the difficulty of green building design and construction organization in cross-provincial green building projects [70,216,222]. Moreover, the lack of awareness is also a critical hindrance to green building development in China [223]. Although the AEC industry personnel in China are familiar with green buildings, the public in China is relatively unfamiliar with these sustainable buildings [27].






4. Discussion


Based on the research results that presented in Section 3, the authors reviewed the definition evolution, development trends, and evaluation standards of green buildings in China. Moreover, the contributions and barriers to green building promotion are revealed in Section 3. These results are important in developing and promoting green buildings in China. The definition and development trends of green buildings reviewed in this study can assist the AEC personnel in enriching their green-building-related knowledge in China to enhance green building promotion. Moreover, the abovementioned research results can increase the public’s familiarity with green buildings and thus increase the public’s acceptance of green buildings. Furthermore, the researchers summarize the evaluation criteria and incentive policies for green buildings in China in Section 3.2.2 and Section 3.2.3. Based on these research results, green building practitioners can monitor the compliance of their green building projects with the evaluation standards throughout the lifecycle and secure appropriate financial incentives and policy support for their projects. In Section 3.2.3, the authors compare ESGB with LEED and BREEAM, reveal the characteristics and shortcomings of ESGB, and provide corresponding optimization recommendations for it. Moreover, the green building regulatory authorities in China can optimize the ESGB in line with the above advice. In Section 3.2.4 and Section 3.2.5, the benefits and obstacles of green building development are reviewed. This information can enable green-building-related personnel to design their green buildings in the targeted methods to carry forward better contributions and minimize the defects of green buildings. In Section 3.2.5, the barriers and recommendations for third-party devices (including building information modeling, digital twin, RFID, smart buildings, GIS, and remote sensing) utilized in green buildings are considered, which can promote the integration of green buildings and external plugins and equipment to optimize their quality and cost performance.



In addition to green buildings, there are multiple systematic reviews of other architectural types. Lv and Zhang [224] and Navaratnam et al. [225] developed systematic reviews of prefabricated buildings’ development and optimization. Moreover, systematic reviews of high-rise residential buildings were also performed by Barros et al. [226] and Kalantari et al. [227]. Based on the research results in the abovementioned reviews, it can be identified that green buildings have significant environmental and ecological improvement benefits compared to high-rise buildings and assembled buildings. In addition, green buildings offer a more comfortable living experience. However, given the insistence on environmentally friendly materials, energy-efficient technologies, and occupants’ comfort, green buildings generally have higher expenditures than the equivalent high-rise buildings and assembled buildings over their lifecycles. Another contrast between green buildings, high-rise residential buildings, and prefabricated buildings is that the green buildings are required to meet corresponding regulations and accept supervision from governments during their entire operation and maintenance phase due to the strict requirements of ESGB.



After the article selection and review were accomplished, the results of the section were carried into the next stage to conduct the discussions and analysis. Through the discussion and classification in Section 4, the overview of green buildings’ history and the development trends in China are summarized. Moreover, the benefits, challenges, and future directions of green building development in China are discussed in this section.



4.1. An Overview of Green Building Development in China


A green building is a high-quality building that can conserve resources, protect the environment, minimize pollution, and provide occupants with a healthy, suitable, and efficient living environment, maximizing the benign coexistence of human beings and nature during the entire lifecycle of green buildings [9,10,11,50,67,69,70,71,72,73,74,76,78,82,83,85,87]. The earliest official concepts of the modern green building date back to the 1960s [53,54,55]. In 1987, due to the “Our Common Future” report developed by United Nations Environment Program, the official contemporary sustainable building standards were determined [59,60,61,62]. Since the 1990s, green buildings have been gradually introduced into the USA, Britain, Australia, Singapore, Canada, and Japan [56,63,64,65,66,67,68]. In China, the origin of modern green buildings can be traced to the 1980s, with the drafting of the “Energy-Saving Design Standards for Civil Buildings” [13,70,113]. In 2006, the green building was officially introduced in China with the publication of the “Evaluation Standard of Green Buildings (First Version)” [13,70,86,97,98,99,100,101].



To enhance Chinese green building promotion and development, green building assessment systems specific to green buildings in China have been developed [70,89,118,119]. There are various green building assessments worldwide, including LEED (USA), BREEAM (UK), CASBEE (Japan), and Green Mark (Singapore) [201,228,229,230,231,232,233,234]. Based on the abovementioned green building evaluation frameworks, the Evaluation Standard of Green Buildings (ESGB) was developed by the Chinese government [67,119,130]. Compared with the green building evaluation frameworks in other countries, the ESGB is more suitable for green buildings in China [9,26,67,82,118,119,130,131,137]. From the perspective of indicators’ weightings, ESGB is relatively focused on energy efficiency measures’ utilization [83,89,135,136,235]. Based on the situation of the AEC industry in China, there are seven evaluation aspects of green buildings included in ESGB, including basic requirements; safety and durability; health and comfort; occupant convenience; material savings and material resource utilization; environment livability; promotion and innovation [9,26,67,119,131,137,235]. In the process of green building evaluation, the assessed green buildings are given a corresponding score based on the extent to which each evaluation item is achieved. Once the scoring procedure is accomplished, the green buildings are awarded different levels of certification (One Star, Two Stars, or Three Stars) based on their scores [95,97,102,135,216,235].




4.2. The Benefits and Challenges of Green Building Development in China


Through the discussion and analysis of the research results that are described in Section 3, it can be determined that green buildings can provide significant benefits throughout China. In the aspect of environmental preservation, green buildings can effectively achieve energy conservation and greenhouse gas reduction in China [140,143,144,145,147,148,149,150,151,152,153]. Through green building development, the negative environmental impact and energy consumption that are caused by construction activities in China can be effectively mitigated. With the promotion and development of green buildings in China, the production of carbon dioxide, air pollutants, toxic gases, and solid waste has been obviously reduced further to optimize the health status of Chinese residents [29,155,156,157,158,159].



Furthermore, the economic benefits of green buildings in China are also significant. Given the reductions in toxic waste production and greenhouse gas emissions that are achieved by green buildings, the expenditure that is utilized in environmental protection has seen a noticeable reduction in China, the USA, Brazil, the UK, Germany, Japan, India, and Turkey [129,154,156,163]. Due to the energy conservation characteristic of sustainable buildings, the energy expenditure has been effectively reduced in their operation and maintenance processes [25,165,166,167,168,169,201,203,218,236]. Moreover, green buildings also bring remarkable benefits for residents’ comfort and health. Green buildings effectively reduce occupant discomfort and morbidity and increase occupant satisfaction to improve the users’ experience further, as well as the work efficiency of green building occupants in China [129,151,154,158,176,177,178,180,182,183,184,237,238,239,240].



Given the abovementioned benefits, to encourage the construction of green buildings in China, the Chinese government and the AEC sector have taken multiple measures. To promote green building development in China, incentive measures are put forward from policy, finance, and education perspectives [36,39,102,111]. From the standpoint of policy, multiple development planning regulations have been developed by the government since 2011 [64,65,66,102,103]. The central government in China has instructed the local authorities to increase the number of green buildings and the green building material utilization rate through administrative orders [56,64,65,66,67,68]. Moreover, the progress of green building development is integrated into the annual examination of the corresponding officers and civil servants [102,103]. From the perspective of finance and investment, both central and local governments in China have proposed considerable appropriations for green building development [34,70,102,107,216]. The government allocated significant funds for the construction of green public buildings with public ownership and subsidized green-building-related organizations according to their contributions [13,102,104,105,106,107,108,163].



Moreover, private contractors are encouraged to invest in public green buildings through the Public–Private Partnership (PPP) [36,109,110,111,112]. From the educational perspective, over 60% of higher education organizations in the AEC field have been required to develop sustainable construction courses and programs to train green-building-related personnel [110,113,114,115]. Due to the abovementioned incentive measures, the area of green buildings in China reached approximately 6 billion square meters in 2020 [32,68,101,117].



Despite the tremendous measures adopted to promote green building development in China, some challenges still need to be overcome in this field. From the perspective of technical obstacles, incompatible file formats and mismatched technical standards are the most severe obstacles to green building development [11,27,37,68,156,185,186,187,188,189,190,201,202,203]. Moreover, insufficient training regarding green-building-related technologies among green building design and construction personnel also delays the development and promotion of green buildings in China [11,204,205,206,207]. In addition, due to the ambiguous property rights boundaries of the outcomes in the green building design and construction process, the working willingness of green building designers in China can be negatively affected [12,108,208,209,210,211,212,213,214,215,216,217].



Moreover, the financial and regulatory barriers to green building development in China are also non-negligible. From the financial perspective, the high initial expenditure, excessive cost premiums, and long payback period lead to the hesitation of contractors to adopt green buildings [27,38,80,89,155,202,218,219,221,222]. In the regulatory aspect, the deficiencies of government regulatory and different green-building-related local policies are obstacles to green buildings’ improvement in China. Moreover, the inadequate public awareness of green buildings is also a significant impediment to the improvement of green buildings [13,95,97,104,107,135,216].




4.3. The Future Directions of Green Building Development in China


Through the above discussion and analysis of the advantages and disadvantages of green building development in Section 4.2, it can be identified that government regulations and policy improvements are critical future directions in green building development. The suitable and constant regulation and legislation from governments can be deemed the most effective top-down and external drivers for green-building-related enterprises to mitigate the negative risks associated with future regulatory and law changes [241,242,243,244]. Arif et al. [245] also suggested that regulation and supervision by the official authorities are the most effective methods to encourage AEC organizations to embrace green buildings. According to Khoshnava et al. [246], 58.3% of respondents believed that legislation and policies are the most critical drivers of green building development.



From the perspective of governments, the future directions for green buildings developed in China were developed. Qian et al. [247] stated that the government should issue mandatory regulations on the quantity and percentage of green buildings in new constructions in China to ensure their development. Moreover, given the inconsistent policy frameworks to integrate the various aspects of green building requirements in China, it is necessary for the government to introduce an integrated policy to address this issue [104,248]. Furthermore, in the policy formulation process, the developers of green building policies should take the advantages of green buildings for the economy and society into consideration [104]. Given the inadequate transparency in the regulation process of green buildings in China, it is essential to establish an independent regulatory authority to supervise green building projects in China [135,249,250].



From the aspect of the green building assessment framework, the Evaluation Standards of Green Buildings (ESGB) in China must be revised to address the problems regarding the deficiencies or imperfect requirements of green buildings [135,250]. In addition, the openness and fairness of the green building assessment and certification process should be enhanced [19,135,251]. Darko et al. [252] suggested that inviting third-party independent assessment organizations to replace the government departments for green component certification is a viable measure. Moreover, clear and specific evaluation criteria should be added to the qualitative analysis items in ESGB to address the vague criteria of these qualitative analysis items [67,89,222]. Considering the distinct natural environment and economic development of the provinces of China, it would be indispensable to develop region-specific green building assessment criteria [250,253,254].



From the angle of green-building-related technologies, several suggestions for the future development of green buildings in China are developed. It is believed that the green-building-related technologies should be formulated to possess interoperability, as their outputs are better when they are in the same format [19,27,187,255,256,257]. Besides this, increased government funding and subsidies for green buildings are feasible methods to promote green building development in China. By compensating stakeholders for the additional expenditure in the construction and promotion of green buildings in China, a financial incentive can assist the stakeholders in mitigating their hesitation toward green buildings [13,39,241]. For public awareness, it is vital to propagandize the benefits and advantages of green buildings to the public. Liu et al. [258] specified that the clients’ requirements, social trust, and environmental attitudes are the principal factors influencing the willingness to make green building purchases, and these factors can be influenced by publicity. Moreover, the publicity of green buildings can have positive effects on the marketing benefits of green building projects [107,222,241,258]. This could encourage the AEC organization to undertake more green building projects to improve their corporate reputations [241,258].





5. Conclusions


Given the severe pollution caused by traditional constructions, they have an extremely negative impact on environmental conservation and sustainable development. Against the abovementioned background, green building is becoming a prominent trend worldwide. Despite the increasing emphasis on green buildings worldwide, the development of green buildings in China remains in its initial phase. A major impediment to the promotion of green buildings is the lack of a comprehensive understanding of green building development’s status in China. To enhance AEC personnel’s familiarity with green buildings in China and to promote the development of green buildings in China, this study sought to conduct a comprehensive systematic literature review of green building development in China. In this study, 186 articles were selected and subjected to a full content review. Through the systematic review, the definition, development trends, evaluation standards, importance, and hindrances of green buildings in China were reviewed.



Based on the articles screened and reviewed in Section 3, the advantages and challenges of green building development in China were discussed and analyzed in Section 4. Through the discussion and analysis, it can be determined that the prospects and potential for green building development in China are incredibly significant, despite some barriers in the development process. Moreover, the abovementioned discussions and analysis considered the future directions and suggestions for green buildings in China from the viewpoints of governments, assessment frameworks, technologies, finance, and public awareness.



This systematic review can enhance the familiarity of individuals with the green building development situation, to provide knowledge support for green building improvement and promotion in China. Moreover, the future direction that is developed in this study can provide guidance for the affiliated organizations (such as the government, green-building-related enterprises, green building assessment framework developers, etc.) regarding green building development in China. Through the above contributions, this study can effectively enhance environmental protection, sustainable development, and public health in China. For countries that are in line with China’s national conditions (such as Vietnam), the research results in this study can be applied to some extent [222].



Besides the abovementioned contributions, there are still several limitations in this study:



To accomplish an exhaustive systematic review, some articles focused on green building development in other, developed countries are included in this study. This method reduces the relevance of the work to a certain extent. However, these articles were included in this study to achieve a comprehensive review of green building development-related knowledge in China and provide arguments and support for partial viewpoints.



Due to the authors’ language skills, only English articles were reviewed. Non-English articles were not included in this study.



Given the schedule limitations, articles published after May 2022 could not be included in this study. This limitation might have led to the omission of some Chinese green-building-related achievements.



To overcome the abovementioned limitations, other researchers are encouraged to perform corresponding studies to deal with these issues. Based on this study, other researchers can conduct systematic reviews of green-building-related development in China that include both English articles and non-English articles in their studies. Moreover, other researchers can utilize the research results in this study to explore the development status of green buildings worldwide.
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Figure 1. The flow chart of article searching and screening in this study. 
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Figure 2. The quantity of articles published per year. 
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Figure 3. Number of papers published per journal/book/conference. 
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Table 1. The search string and the results of article filtering in this study.
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Databases

	
Search String

	
Results






	
WoS

	
TS= ((“green building” AND “develop”) OR (“green building” AND “evaluation”) OR (“green building” AND “importance”) OR (“green building” AND “barrier”) OR (“green building” AND “obstacle”))

	
1027




	
Document Types: Proceedings Papers or Articles or Review Articles or Book

	
975




	
AND LANGUAGES: (ENGLISH)

	
962




	
Scopus

	
TITLE-ABS-KEY ((“green building” AND “develop”) OR (“green building” AND “evaluation”) OR (“green building” AND “importance”) OR (“green building” AND “barrier”) OR (“green building” AND “obstacle”))

	
1136




	
AND (LIMIT-TO (DOCTYPE, “ar”) OR LIMIT-TO (DOCTYPE, “cp”) OR LIMIT-TO (DOCTYPE, “re”) OR LIMIT-TO (DOCTYPE, “ch”) OR LIMIT-TO (DOCTYPE, “cr”) OR LIMIT-TO (DOCTYPE, “bk”))

	
1087




	
AND (LIMIT-TO (LANGUAGE, “English”))

	
1065




	
Number of articles that passed the initial retrieval = 2027

Duplicated studies= 138

Invalid articles = 175

After eliminating duplicated studies and invalid articles = 1714

After title and keyword screening = 742

After abstract screening = 391

After full-text review screening = 186

Total = 186
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Table 2. Inclusion criteria and exclusion criteria.
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Primary Criteria

	
Secondary Criteria




	
Inclusionary

	
Exclusionary

	
Inclusionary

	
Exclusionary






	
Journal articles that are retrievable in Scopus or WoS

	
Duplicated studies

	
Articles containing contents that are related to the keywords

	
Articles containing contents that are not related to the keywords




	
Conference papers and proceeding papers that are retrievable in Scopus or WoS

	
Invalid articles (articles for which full-text content is not available online)

	
Studies that can assist the authors in fulfilling the research objectives

	
Studies that cannot assist the authors in fulfilling the research objectives




	
Review articles that that are retrievable in Scopus or WoS

	

	

	




	
Books or book chapters that are retrievable in Scopus or WoS

	

	

	




	
Written in English

	
Written in non-English languages
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Table 3. The procedure of developing the research results’ classification.
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	Identify the green-building-related information by reviewing the content of included articles.



	Categorize the articles according to their contribution areas from the green building perspective.



	Identify the domains of green buildings that are covered in these articles.



	Test the consistency by comparing with other studies.



	Verify the classification that is formulated in this research.
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