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The global construction industry presents a significant challenge to environmental sustainability, sparking increasing concerns regarding its environmental impact. Zero Waste (ZW) has become a comprehensive waste management approach within the construction sector. However, there is a notable absence of systematic reviews in this field. Bibliometrics has played a pivotal role in advancing new methodologies for systematic reviews. To address this gap, our study employs VOSviewer to systematically review the research domain of ZW, exploring research trends, international collaborations, primary authors, research domains, and literature. Our findings reveal a pronounced upward trend in research dedicated to achieving zero waste goals in the built environment, aligning with escalating global environmental concerns. Research in this realm has thrived notably in China, Australia, and England, with these countries contributing significantly to relevant studies. Co-occurrence analysis highlights key themes, such as construction waste reduction, sustainable construction, circular design, prefabrication, and Building Information Modelling (BIM). Notably, system dynamics and BIM have emerged as crucial modelling techniques. Moreover, this study emphasises the adoption of circular economy principles, the efficacy of prefabrication, and the role of BIM in waste management. Future research directions encompass exploring global variations, investigating the impact of technology, engaging stakeholders, and considering regulatory frameworks. Despite its limitations, this study underscores the mounting global interest in ZW research, providing a foundation for future exploration and collaboration in sustainable construction and environmental management.
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1 INTRODUCTION
The construction industry poses substantial challenges to global environmental sustainability (Faleschini et al., 2016). While playing a pivotal role in the global economy and social development (Vitale et al., 2017), it raises concerns due to its ecological impact. This industry not only consumes extensive natural resources but also contributes to 40% of global resource depletion, 18% of greenhouse gas emissions, and 25% of waste generation (Teh et al., 2018). Additionally, the construction industry accounts for over 35% of global energy-related greenhouse gas emissions and consumes half of the world’s raw materials (Jayasinghe and Waldmann, 2020). Consequently, there is a growing focus on the environmental sustainability of the construction industry (Hossain and Poon, 2018).
The construction industry is both a high carbon-emitting industry and a substantial consumer of materials and energy (Sisson, 2020). Construction and demolition (C&D) activities generate one-third of global waste production (Wilson et al., 2015). The prevailing notion in the global construction sector is bib_defra_2022that construction activities, whether new construction, renovation, or demolition, invariably result in a certain degree of resource wastage (Teo and Loosemore, 2001a; Lu et al., 2017). Numerous studies have been conducted to quantify construction waste generation using various methods, including on-site observations, waste generation rates, lifecycle analysis, classification system accumulations, and variable modelling (Wu et al., 2014). Additionally, environmental agencies and government departments release annual construction waste statistics [e.g. (Eurostat, 2023; HKEPD, 2022; EPA; DEFRA, 2022)], demonstrating that construction waste makes up as much as 25% of solid waste sent to landfills (Lu et al., 2019). For instance, in Australia, in the 2021–2022 fiscal year, approximately 29 million metric tons of construction and demolition waste were generated, accounting for 38% of total solid waste generation (Pickin et al., 2023). About 64,000 metric tons of this waste were improperly disposed of in landfills despite their high potential for reusability (Pickin et al., 2023).
In recent years, ZW has emerged as an approach to promoting sustainability in the construction industry. This ideology emphasises waste prevention, resource redesign, and reuse to minimise waste generation, transforming waste into resources and reducing reliance on natural resources to the greatest extent (Murphy and Pincetl, 2013). The definition of ZW underscores the design and management of products and processes to systematically reduce the volume and toxicity of waste and maximise the protection and recovery of all resources, avoiding incineration or landfilling (Alliance, 2022). This concept encourages a shift from linear resource use and disposal patterns to closed or circular material flows, viewing waste as potential resources rather than problems. It promotes a circular economy through principles like reduce, reuse, recycle, recover, and residual disposal (Lee et al., 2020; Gaur et al., 2022), offering multiple advantages such as cost reduction, profit increase, and reduced environmental impact (Elgizawy et al., 2016a).
Considering waste as a resource is a key strategy in circular economy (CE) modelling, focusing on recovery and recycling to reduce raw material costs and improve resource efficiency and environmental benefits (Ayçin and Kayapinar Kaya, 2021). The core objective of CE is to achieve zero waste management, wherein zero waste generates economic value through material savings, waste remarketing, waste reuse, and the prevention of environmental damage (Nizar et al., 2019). Recycling and reuse of waste are prerequisites for a circular economy, which can lead to efficient use of resources and materials by reducing production costs, creating jobs, and establishing linkages (Deselnicu et al., 2018). Waste management has become a prominent issue within the CE, especially for municipalities, public institutions, managers, and researchers. However, implementation studies on this issue are relatively new and insufficient (Zhang et al., 2019). In 2015, the European Commission adopted the Circular Economy Package, which includes proposals for the regulation of legislation and an integrated action plan for waste. To promote economic growth and guard against environmental catastrophes, the Zero Waste Programme takes preventive measures, such as the application of eco-design principles in product design, waste reduction and recycling, and the reduction of greenhouse gas emissions (VERAL et al., 2018). The implementation of the zero-waste strategy is expected to create significant value for the circular economy by reducing the cost of raw materials and utilizing limited resources more efficiently (Indicators, 2016). Related research has explored the scope and types of waste under ZW management (Zaman, 2015), the concept and its benefits, challenges, and critical factors (Pietzsch et al., 2017), the application of ZW technologies in waste management systems (Singh et al., 2017), technological challenges in the ZW manufacturing value chain (Kerdlap et al., 2019), specific ZW initiatives in various sectors (Phillips et al., 2011) international waste management schemes (Xevgenos et al., 2015), and the latest technologies in achieving ZW goals in particular industries (Stanescu, 2021). ZW research is interdisciplinary, encompassing clean production, green consumption, and industrial ecology. The concept of ZW goes beyond waste management methods and includes related technologies and empirical research on its global, especially recent, implementation.
Adhering to the Zero Waste (ZW) concept represents a crucial stride toward sustainable development in managing construction and demolition waste. The primary objective is to minimize waste generation to the utmost extent, converting waste into valuable resources. This approach effectively mitigates the adverse environmental impacts associated with landfill sites, concurrently fostering the maximization of resource utilization within industrial and construction processes. It also involves modifying resources to better align with the needs of other industries or functions (Elgizawy et al., 2016a; Elgizawy et al., 2016b). From an environmental perspective, ZW strategies play a pivotal role in reducing public health risks and greenhouse gas emissions linked to landfill sites, concurrently diminishing energy consumption in production. This not only contributes to environmental preservation but also creates opportunities for economic and societal growth through resource recovery (Nordahl et al., 2020; Ahmed et al., 2023).
Recently, the ZW concept has been evolving and gradually becoming a concrete plan implemented globally. However, systematic review studies on ZW in construction remain relatively scarce and lack visual representation. This paper aims to use scientometric analysis methods to visually depict existing publications related to ZW in the construction environment, offering a clear framework of academic research on the concept in the construction field and providing information about the characteristics and trends of related publications. This review provides an in-depth analysis of the global importance of the ZW goal in the field of built environment and provides researchers and practitioners with effective strategies to achieve the ZW goal. Meanwhile, by analysing the research trends, keywords and collaborative networks, this paper explores the future directions of the ZW research in the built environment and helps researchers explore cutting-edge issues. The paper also identifies the prominence of different countries in zero-waste research and promotes in-depth collaboration and knowledge sharing among international researchers. The results of this study will fill knowledge gaps and offer valuable insights for decision-makers and researchers.
2 DATA SOURCES AND METHODS
2.1 Defining the research scope
The initial consideration in bibliometric analysis is determining the scope of the study. It is crucial to clearly define the content and quantity of research to be investigated before commencing the study. Without a well-defined scope, the results may be poor, riddled with errors, and not align with the primary research objectives. Therefore, thoroughly evaluating the keywords used in data collection is essential. Concerning the investigation of ZW, the following aspects were considered:
• Core Concept and Objectives of ZW: Waste is considered a potentially valuable resource in zero waste. Its primary objective is to reduce waste generation, mitigate waste management risks, and strive for minimal or near-zero waste disposal, including reducing landfilling, incineration, and untreated waste.
• Methodology of ZW: Zero waste aims to transition from a linear system to a circular or closed-loop system through systematic and goal-oriented waste management. This methodology encompasses waste management and the eco-design of products and technologies to reduce waste generation throughout the entire supply chain, ultimately reducing the extent of waste sent to landfills and incineration. Related strategies include sustainable industrial design, raising public awareness through education and research, promoting sustainable consumption and behaviour patterns, and formulating relevant laws and policies (Zaman and Lehmann, 2013).
2.2 Collecting bibliometric data
In this study, the first step involved selecting relevant journal articles from the Web of Science (WoS) database to create a comprehensive analysis database. Although WoS and Scopus are considered comprehensive data sources for various purposes (Zhu and Liu, 2020), WoS supports a wider range of citation analyses than the Scopus database (Falagas et al., 2008). WoS is the first international bibliographic database with a wide range of bibliographic data, and it is the most influential data source for authoritative tasks such as journal selection, research evaluation, and bibliometric analysis (Li et al., 2018; Birkle et al., 2020a). Although Google Scholar provides free access to scholarly literature in all genres, languages, and fields, it was not considered due to the sporadic coverage of non-English literature, data inconsistencies, and lack of transparency in reporting. The search was refined by creating search strings to ensure scientific rigour (Birkle et al., 2020b).
The second stage entailed retrieving database records. Academic database search criteria were employed to select papers on the relevant subject from journals. Data were collected from WoS by introducing the following terms in the topic (TS) search field. This selection procedure followed the latest developments in using search strategies with search strings (Ng et al., 2022). The literature search was based on the clearly defined scope mentioned before, including “zero waste”, “landfill avoidance” and related terms, which were selected based on their relevance to the research area. These terms were considered as the basis for a set of publications on zero waste in the built environment. In addition, synonyms or modules such as “waste reduction” and “waste mitigation”, “zero waste” or “no waste” were considered, as well as qualifiers for the research area, such as “construction” OR “building” OR “built”. Finally, we employed two sets of terms:
• Category #1 included all components related to ZW in the built environment, such as “waste reduction”, “waste mitigation”, and “landfill avoidance”. Therefore, the search string for Category #1 was [TS = (“waste reduction” OR “waste mitigation” OR “landfill avoidance”) AND TS = (“built environment” OR “build environment” OR “building environment” OR “Building Solutions” OR “construction” OR “building” OR “built”) AND DT = (“ARTICLE” OR “REVIEW”) AND LA=(“ENGLISH")].
• Category #2 included “zero waste”, and “no waste” and their abbreviations. The search string for Category #2 was (TS = (“zero waste” OR “no waste”) AND TS = (“built environment” OR “build environment” OR “building environment” OR “Building Solutions” OR “construction” OR “building” OR “built”) AND DT = (“ARTICLE” OR “REVIEW”) AND LA=(“ENGLISH")).
Articles and reviews are typically considered more significant scientific contributions than conference proceedings and book reviews (Su et al., 2019), and the study assessed all time frames. Figure 1 shows the entire retrieval process.
[image: Figure 1]FIGURE 1 | The overall retrieval process.
The third stage was literature selection. First, redundant literature was excluded, and its compliance with inclusion criteria was verified. Subsequently, each article’s core content was thoroughly read and analysed to determine its relevance to zero waste in the built environment. Two types of literature were excluded: 1) literature that mentioned zero waste in the built environment but only as supplementary information, such as the definition of green buildings, and 2) literature primarily discussing zero waste but not within the scope of the built environment, such as “ZW city”. Ultimately, 222 peer-reviewed articles were selected for subsequent bibliometric analysis.
2.3 Analyzing data using bibliometric analysis methods
Bibliometric analysis, a quantitative method for analysing academic literature using citation data, provides descriptions, evaluations, and monitoring of published research (Garfield et al., 1964). This method is used to examine trends in ZW fields. Bibliometric methods aim to analyse publications, citations, and information sources.
Each bibliometric method is useful for specific research questions, with scientific mapping used to answer the most common questions using bibliometrics (Aria and Cuccurullo, 2017). To achieve our objectives, we selected the most suitable bibliometric analysis methods and techniques described by Donthu et al. (Donthu et al., 2021). Bibliometric analysis is used to detect evolving research trends in specific fields and pinpoint emerging topics shaping the advancement of knowledge in that field. Finally, we chose VOSviewer as the primary analysis tool because it utilises advanced algorithms and computational logic, making it well-suited for processing and visualising extensive datasets, ensuring high-quality visualisations (Van Eck and Waltman, 2010).
3 RESULTS
3.1 Publication performance analysis
The number of publications provides a concise overview of the current state of evolution within the field (Geng et al., 2022). Figure 2 shows the evolution of the number of publications on ZW in the built environment from 1998 to 2023. Overall, there is a gradual increase in the publication trend. Specifically, between 1998 and 2010, the published literature remained relatively stable, with a low number of publications, typically no more than five articles per year. Despite being relatively under-researched, this phase laid the foundation for understanding the concept of ZW and exploring research methodologies. From 2011 to 2016, the literature experienced a faster growth trend, although the number of publications remained relatively low, consistently ranging from five to ten papers per year. Starting in 2017, the number of relevant publications consistently exceeded ten papers annually, reaching its peak in 2022 (data for 2023 is incomplete). Notably, both 2022 and 2023 exhibited a significant increase compared to previous years, indicating an elevated recognition of the importance of ZW in the built environment over time. This trend suggests that research in this field will continue to flourish, attracting more scholars who will collectively contribute to the coordinated development of the environment, society, and economy.
[image: Figure 2]FIGURE 2 | Number of publications per year.
3.2 Major countries or regions involved in the research
ZW in the built environment and related research exhibits distinct characteristics in different countries and regions (Zhang et al., 2022). Examining the publication locations can reveal the disciplinary standing, international cooperation, and exchange in research topics (Alnajem et al., 2021). Figure 3 showcases the countries with the highest number of publications on ZW in the built environment, based on the results of bibliometric analyses. Only countries with a minimum of two publications are included in the figure. The visualization indicates that China has the highest number of publications and exhibits a strong connection with Australia and England, highlighting the substantial link between China and these two countries.
[image: Figure 3]FIGURE 3 | Active countries with more than two publications.
From the Table 1, China stands out as the country with the most publications, contributing 77 articles on ZW in the built environment. Australia and England follow closely with 36 and 26 relevant journals, respectively. The United States comes next with 16 articles, followed by Canada, Egypt, and Iran, each contributing 11 articles. Finally, India, Italy, and Malaysia each have nine articles. The figure also illustrates that China, Australia, England, and Egypt are near, indicating active research collaboration among them, particularly between China and Australia, as evidenced by the thicker connecting line. These findings point to several key observations:
TABLE 1 | Top 10 countries in the number of publications.
[image: Table 1]Both developed and developing countries strive to achieve ZW goals in the built environment, with a particular emphasis on China, Australia, the UK, and the United States, where research in this field is prominent. For instance, the United States generates approximately 600 million tons of C&D waste annually (EPA. Construction), the EU produces over 800 million tons annually (Pickin et al., 2020), and China contributes about 3 billion tons annually (Hao et al., 2020). Achieving ZW in the built environment has become critical due to its adverse environmental, economic, and social impacts. Since these countries face similar challenges in the built environment, their research holds significant implications for practice and policy.
Countries like China, Australia, England, and the United States possess abundant research resources and expertise covering urban planning, economics, construction technology, geography, and related areas. This research has received academic support and specialised knowledge.
The figure demonstrates that countries such as China, Australia, England, the US, and Canada exhibit high international research collaboration and academic exchange levels. Their researchers actively participate in international conferences, collaborative projects, and knowledge exchange, fostering cross-border cooperation and disseminating research outcomes. Regional collaboration is notably closer, particularly between China, Australia, and the United Kingdom.
While some countries like China, Australia, and England have a significant concentration of research on ZW in the built environment, it is essential to acknowledge that ZW is a global issue, and different countries and regions may face varying challenges and research needs. Therefore, cross-national collaboration and knowledge sharing remain crucial in achieving ZW goals in the built environment.
3.3 Key productive authors
The relationships among articles and scientific cooperation among authors are essential components of co-authorship analysis (Chen, 1999). In this research field, 726 authors have contributed to the work. Table 2 lists the top 10 most active authors in this field. The data reveals that these top 10 authors have published 60 articles over the entire research period. Leading the list, Tam, VWY from Griffith University, has published 10 papers, totalling 797 and an impressive average citation rate of 79.7% per article. Following closely, Lu, WS, from Hong Kong University and Yuan, HP, from the Hong Kong Polytechnic University have published 8 papers each. As of 2023, Lu, WS, has been cited 593 times, and Yuan, HP, has been cited 683 times. It is important to note that the citation count does not always directly correlate with the number of articles published. Only the top three authors have citation counts that align with their article output, suggesting that they are the most influential in the field and warrant attention. Furthermore, these top ten authors all hail from countries within the top ten rankings, indicating that the geographical location of the universities also plays a role in the research productivity of authors.
TABLE 2 | Top 10 most active authors.
[image: Table 2]3.4 Distribution characteristics of research institutions
Research institutions play a pivotal role as physical entities in relevant research fields. Understanding the distribution characteristics of these institutions helps gain a clearer perspective of the significant contributors to research on ZW in the built environment. The visual overlay of research institutions in Figure 4 provides insight into the status of 326 research institutions. In this graph, the size of each node represents the number of research articles published by the institution, the lines connecting nodes indicate collaboration between institutions, and it also reveals the temporal development trends of these institutions. Institutions marked in deep blue and purple have an average publication year traceable back to 2014 or earlier, while the most recent research is denoted by light green and bright yellow. Among the top ten research institutions (Table 3), eight are located in China, and three are in Australia, reflecting the research strength of these two countries in this field, consistent with their national distribution characteristics. Of particular note, the University Western Sydney, Griffith University, and Loughborough University appear dimly in the graph, indicating that their research output is primarily concentrated in or before 2014. This suggests that these institutions have been early adopters in this research field, establishing foundational research outcomes and providing necessary initial support for ongoing research.
[image: Figure 4]FIGURE 4 | Co-occurrence network of research institutions.
TABLE 3 | Top 10 most active research institutions.
[image: Table 3]3.5 Citation analysis of journals
Figure 5 provides a visual representation of the citation relationships to summarise the distribution of the early knowledge base in the field of ZW in the built environment and the disciplinary support. This helps refine the disciplinary system and knowledge framework, making it easier to analyse the field’s most significant and active research sources (Liu et al., 2023). Based on the results in VOSviewer, 97 source journals were identified. The network diagram represents three clusters. The primary source journals are concentrated in the red cluster, with the Journal of Cleaner Production at its core, totalling 23 articles with a total citation count of 1220 (154 total link strength). This cluster mainly covers disciplines related to environmental science and ecology. The green cluster centres around the International Journal of Construction, featuring 8 articles with a total citation count of 300 (44 total link strength). Waste Management leads the blue cluster, encompassing 11 articles with a total citation count of 1205 (132 link strength). This network diagram showcases the most influential source journals related to ZW in the built environment research field.
[image: Figure 5]FIGURE 5 | Citation analysis network of journals.
3.6 Analysis of highly cited publications
Literature citation analysis is instrumental in understanding a field’s knowledge base and trends (Huang et al., 2022). The Web of Science Core Collection database tracked the citation frequency of literature related to ZW in the built environment from 1998 to 2023. A minimum citation threshold of 10 was set, resulting in 70 articles meeting this requirement out of 8745 cited documents.
Table 4 summarises the top ten most cited articles on achieving ZW in the built environment from 1998 to 2023. The total number of citations for the top 10 articles is 275, accounting for 20.65% of the whole sources. Among these, the highest number of citations (39) was achieved by the article published by Osmani et al., in 2008 in “Waste Management.” The study emphasises the role of architects in reducing construction waste and highlights that waste management should not be an afterthought of the design process. It also mentions that roughly one-third of construction waste can be traced back to design decisions (Osmani et al., 2008). Another highly cited article, authored by Jaillon et al. and published in “Waste Management” in 2009, received 37 citations. This study quantifies the potential cost reduction by using prefabricated components. It demonstrates that the broader use of prefabricated components can significantly reduce construction waste generation in Hong Kong, alleviating the burden of related management (Jaillon et al., 2009). Interestingly, of the most cited articles, 8 are from the first period (1998–2010), suggesting that research in the ZW in the built environment field was in its early stages, laying the foundation for subsequent analysis. Additionally, two articles are from the second period (2011–2016), focusing on strategies to reduce construction waste at the design stage (Wang et al., 2014) and a review of C&D waste management (Yuan and Shen, 2011). Moreover, 7 review articles emphasise the sources, classification, and management of construction waste (Bossink and Brouwers, 1996; Poon et al., 2001; Osmani et al., 2008; Yuan and Shen, 2011) and waste reduction strategies in the built environment (Teo and Loosemore 2001b; Poon et al., 2004; Tam et al., 2007) during the 1998–2023 period. These articles published in high-impact factor journals are likely to encourage researchers to publish relevant work in these reputable journals, further advancing future research directions.
TABLE 4 | Top 10 highly cited publications.
[image: Table 4]3.7 Research hotspots
To study ZW in the built environment, author keywords extracted from each publication in the database were analysed using VOSviewer. Author-provided keywords typically represent the core ideas of their work (Peset et al., 2020). Analyzing the author’s keywords from all publications in the field can reveal the research hotspots. Figure 6 presents the co-occurrence analysis results of author keywords that appeared more than 2 times. The size of the nodes represents the frequency of the keywords. The top 10 most frequently appearing keywords are construction waste (38 times), waste reduction (36 times), construction and demolition waste (C&D) (24 times), waste management (23 times), prefabrication (21 times), sustainability (19 times), circular economy (17 times), construction industry (13 times), system dynamics (13 times), and recycling (12 times). These keywords reflect that waste management methods have been extensively studied and explored when implementing ZW in the built environment.
[image: Figure 6]FIGURE 6 | Keywords network visualisation.
The largest cluster is in red, focusing on sustainable construction. This area emphasises waste reduction, management, C&D waste, and system dynamics. System dynamics is based on systems thinking principles and is used to analyse dynamic complexities and patterns over time (Sweeney and Sterman, 2000). It provides a framework for understanding the relationships between elements in complex problems (Senge, 2006). It emphasises achieving ZW goals and methods in the construction industry throughout the entire lifecycle, not limited to the construction and demolition phases.
Next is the cluster on circular design, marked in orange. The main keywords include circular economy, reuse, recycle, and life cycle assessment, covering aspects from design, materials, and construction to demolition in the construction industry and related resource and waste management. The circular economy is a long-term goal compatible with economic growth, sustainability, and zero waste (Boulding, 2013), representing a new approach to reducing the ever-growing amount of waste associated with today’s economic growth (Kerdlap et al., 2019). Therefore, this cluster emphasises focusing on the reuse of resources, waste reduction, and reducing carbon emissions, as well as achieving sustainability goals throughout the entire construction lifecycle.
Prefabricated components (purple) form another cluster in the research on ZW in the built environment. Among various waste management strategies, prefabrication is increasingly advocated. Prefabrication is a manufacturing process typically carried out in specialised facilities, where multiple materials are connected to form components for final installation (Tatum et al., 1987). Prefabrication has been identified as a solution to reduce waste generated during the design and construction phases. Therefore, this cluster encompasses prefabrication and modular construction methods, automation technology, and other technological means to improve construction efficiency, reduce waste, increase material recycling rates, and address related environmental and economic issues, ultimately achieving the goal of ZW.
Intelligent construction (yellow) and lean construction (light blue) are two other clusters in achieving ZW in the built environment. In the intelligent construction cluster, the emphasis is on achieving zero waste goals in the construction industry using BIM (Building Information Modelling) technology and other modern methods such as the Last Planner System, Value Stream Mapping, and more to effectively manage and minimise construction waste, thereby promoting sustainability in the construction industry. Therefore, this cluster has prominent keywords like BIM, construction waste, zero waste, the Last Planner System, and value construction principles. The lean construction cluster (light blue) highlights the effective management of resources and materials in construction projects using lean construction principles and tools while emphasising green and sustainability goals. Critical keywords in this cluster include lean construction, construction industry, waste minimisation, and green building.
It is worth noting that Figure 6 not only provides an information-rich and intuitive way to identify the four main research areas in achieving ZW in the built environment—sustainable construction (red), circular design (orange), prefabricated components (purple), intelligent construction (yellow), and lean construction (light blue), but also reveals the close connections between the five clusters. For example, technological applications in intelligent construction can help achieve the goals of lean construction.
Additionally, terms in the research field tend to evolve, experiencing different changes and trends (Olson and Bae, 2019). Some keywords will continue to be used, some may dominate only in specific periods, and some may gradually decrease usage. Therefore, analysing the evolution of keywords over time can provide insights into the development and trends in a particular field. Thus, in addition to determining the main research themes through clustering, we also visualise how keywords have evolved. Figure 7 is a derivative of Figure 6, showing the temporal development trends of keywords. In the figure, keywords marked in deep blue and purple indicate that their average publication year can be traced back to 2014 or earlier, while newly emerging keywords are represented in light green and bright yellow. Generally, relatively new keywords (light yellow) nodes are smaller compared to continuously existing and previously researched topics (dark keywords). Through these visualisations, we can draw the following conclusions:
[image: Figure 7]FIGURE 7 | Overlay visualization of keywords.
In achieving ZW in the built environment, the themes of circular design, prefabricated components, intelligent construction, and lean construction are relatively newer relative to sustainable construction. The circular economy is relatively new in the context of circular design, and prefabrication is a currently widespread research interest.
4 DISCUSSION
In recent years, research and practical cases related to achieving ZW in the built environment have been rising and garnered widespread attention. This study used VOSviewer for visual and analytical exploration of publication years; article counts, keyword popularity, research authors, collaboration networks, and representative research institutions. The study included 222 publications related to ZW in the built environment, involving 726 authors and 362 institutions, providing insights into the significant aspects of this research field.
4.1 Discussion of major findings
4.1.1 Temporal and spatial analysis of achieving ZW
From the publication perspective, it is evident that the pursuit of ZW goals in the built environment demonstrates a robust upward trend in future research. With a growing global concern for environmental issues, investigations into ZW in the built environment are poised to attract broader attention, anticipating more comprehensive implementation on a global scale. This is owing to the significant relevance of ZW issues across various dimensions. Notably, studies by Zaman and Lehmann (Zaman and Lehmann, 2013), Zaman and Lehmann (Zaman and Lehmann, 2011), Lu et al. (Lu et al., 2021), and RIBA (RIBA) have delved into the impact of ZW on urban and building environmental sustainability, garnering extensive discussion in relevant publications. Moreover, the increasing number of publications in recent years, as depicted in Figure 2, underscores the imperative for further research.
The visual analysis of this study highlights that China, Australia, and England emerge as prominent countries or regions in ZW research in the built environment. Certain authors, including Tam VWY, Yuan HP, and Lu WS, have exerted significant influence in this field, boasting the highest number of publications, rendering them the most influential and active contributors in this research domain. Additionally, research institutions in China have demonstrated exceptional performance in this arena, addressing representative cities at different developmental levels and providing effective reference models for achieving ZW goals in the built environment, both domestically and internationally.
4.1.2 Co-occurrence analysis: unveiling key keywords and concepts
The co-occurrence analysis reveals that construction waste and waste reduction are highly prominent keywords in this field. The identified clusters, including sustainable construction, circular design, prefabricated components, intelligent construction, and lean construction, signify a shift towards a more holistic approach to sustainability in the built environment. Research in these areas indicates a growing acknowledgement that ZW goals should not be limited to waste reduction during construction but should extend across the entire lifecycle of buildings. It is particularly noteworthy that system dynamics, circular economy, prefabrication, and Building Information Modelling (BIM) are widely discussed in the context of ZW goal achievement.
A prominent trend highlighted in our analysis is the adoption of advanced modelling techniques, particularly system dynamics (SD), to address the complexity of construction and demolition (C&D) waste management (Ma et al., 2022). Quantitative modelling approaches to SD provide insights into the internal system structure and dynamic relationships, predicting the impact of future decisions and enabling researchers and practitioners to make informed decisions (Marzouk and Azab, 2014). Currently, more scholars are applying SD to ZW objectives in the built environment, including construction waste management (Au et al., 2018; Hao et al., 2019), construction waste management (Ye et al., 2012; Butera et al., 2015; Yu et al., 2022), and other aspects. However, SD has limitations, such as subjective choices in defining system boundaries and factors for assessing environmental performance (Wu et al., 2019). Therefore, integrating a holistic lifecycle perspective is crucial in specific research to achieve ZW goals, especially when addressing complex projects like renovation and refurbishment, which are increasingly significant in the total C&D waste context.
This article also highlights the emergence of the circular economy (CE) as a key strategy for the construction industry. CE has become a significant strategy in the construction industry to address linear production and consumption patterns (Kirchherr et al., 2018). CE emphasises building design and construction stages to reduce resource use and waste generation from the outset, thus contributing to ZW goals (Joensuu et al., 2020). This presents an economically attractive model for addressing resource scarcity (Eray et al., 2019). According to CE principles, the best alternative in the construction industry is reusing buildings (Eray et al., 2019). Adopting CE in the built environment will help achieve ZW goals. However, barriers to implementing CE in the specific context should be considered (Oluleye et al., 2023a). Recent research has addressed international surveys of obstacles to implementing CE in the construction industry, including organisational and information technology barriers, infrastructure and logistics, regulatory, and economic and market barriers (Oluleye et al., 2023b).
In addition, the study highlights prefabrication as a key strategy for waste reduction in the construction process. Prefabrication is a method of manufacturing building components in a factory and then assembling them on-site (Maqsoom et al., 2019). This is sometimes called “off-site construction” or “industrialised construction”. Prefabrication enables many traditional cast-in-place processes to be carried out in a controlled factory environment. It helps to reduce material waste, increase production efficiency (Lu and Yuan, 2013; Zhou et al., 2019), prevent material loss and misplacement (Tam et al., 2005a), and avoid the impact of weather and other uncertainties (Wuni and Shen, 2019). Prefabrication has been considered an effective key strategy for minimising construction waste. However, striking a balance between cost minimisation and waste minimisation remains a key consideration (Cheng et al., 2022), and researchers and practitioners are urged to explore optimised methods for effective prefabrication in ZW management.
Finally, the rise of the digital built environment in the construction industry is driving the sector towards a more sustainable direction (Charef et al., 2019). BIM plays a significant role in solving waste management issues. Several studies have proposed various ways to leverage BIM, whether for waste minimisation (Won and Cheng, 2017), waste management during asset decommissioning (Kabirifar et al., 2020), or by integrating the design method to connect the design and asset terminal lifecycle (Liu et al., 2015). This trend improves collaboration efficiency among construction project stakeholders, enhancing productivity and sustainability across the project lifecycle (Elmualim and Gilder, 2014). Some authors have recently demonstrated the potential of using BIM to address C&D waste. As discussed by some authors, BIM can also facilitate the implementation of CE in the built environment. They explore the potential transition of BIM into circular thinking and have developed seven BIM uses customised for CE methods (Charef and Emmitt, 2021). Recently, through case studies, some authors have reorganised demolition activities using BIM (van den Berg et al., 2021).
4.2 Future direction
The dominance of certain countries (e.g., China and Australia) in ZW research suggests potential differences in global ZW practice. It raises issues about the applicability of ZW strategies in different regions and built environments. Understanding regional differences is critical to the development of an inclusive Zero Risk Framework that takes into account the unique challenges faced by different countries. In the future, as multiple countries join the ranks of planning and implementing ZW policies in the built environment, strategies for ZW should be adapted to local circumstances, considering differing levels of development, geographical factors, and citizen lifestyles. For example, initiatives like Japan’s “Basic Plan for Establishing a Sound Material-Cycle Society” (MOE, 2023), Singapore’s “Sustainable Blueprint 2015" (MEWR, 2023), and China’s pilot project for zero waste city outlined by the Ministry of Ecology and Environment (Work, 2018), reflect a commitment to ZW goals and approaches.
Identified clusters, including prefabricated components and smart buildings, emphasise the role of technology in achieving ZW objectives. The construction industry is currently evolving at a rapid pace with the use of technology and innovation and the potential to create wealth from waste. Artificial intelligence, advanced collection, and transport technologies, building information modelling (BIM) and other software solutions play a key role in waste management and reduction. These technologies contribute to a paradigm shift towards sustainable development. For example, integrating hybrid models and combining SD with cutting-edge technologies and tools [such as models integrating GIS and SD (Moradi et al., 2020) or BIM and SD models (Uddin et al., 2021)] can provide new opportunities for researchers to deepen and broaden the realisation of ZW goals in the built environment. In addition, given the excellent performance of Life Cycle Assessment (LCA), BIM, and the integration of both in assessing environmental performance in the built environment (Ansah et al., 2019; Jin et al., 2019), future research can focus on integrating Life Cycle Cost Analysis with the development of BIM-LCA methods to identify the most cost-effective and environmentally friendly design solutions. Future research applying advanced technologies (e.g., smart buildings, IoT and blockchain) to identify variables and model causal effects to influence C&DW management activities and performance will be of great interest.
The clusters related to sustainable building and circular design emphasise the life cycle approach of ZW. However, the implementation of ZW strategies throughout the life cycle requires the active participation of a variety of stakeholders including architects, planners, designers, engineers, construction and demolition contractors, government representatives, landfill owners, waste haulage companies, recycling managers, and others (Pietzsch et al., 2017). All stakeholders are involved in the process at different stages of the project and are responsible for the successful planning and implementation of all waste management and waste-to-wealth strategies. Stakeholders play a very important role in the implementation of all management plans. The use of creativity, knowledge and technology at the project and organisational level allows for the elimination and reduction of waste through the enhancement of the value creation process and performance assessment, and the disposal level requires the management of waste and the development of means of diversion. Combining strategies with waste management frameworks and the role of government in policy development can encourage recycling. Circular design provides important guidelines for all stakeholders at different stages of a project. As stakeholder roles change throughout the project life cycle, the interactions between stakeholder-related factors will change accordingly. Future research should maintain a dynamic perspective and investigate how the network of interactions between these factors evolves at different project stages. In addition, as the regulatory environment is an important driver in enabling the realisation of ZW in the built environment, future research should collect longitudinal data to simulate how stakeholders interact with each other at different stages over a period following the implementation of relevant regulations. This will help to demonstrate the role of the regulatory environment in enabling ZW. In addition, the development of emerging technologies, such as ICT (Li et al., 2020) and biotechnology (Peres et al., 2020) capable of producing biofuels from biomass waste from construction sites, will involve a wider range of stakeholders. Future research will update the list of stakeholders and introduce new stakeholders and factors associated with them.
Finally, while the study provides valuable insights, certain limitations, and challenges merit consideration. The exclusive use of VOSviewer and the Web of Science (WOS) as opposed to other databases and bibliometric analysis software may yield different results. As research databases continue to update, the timeliness of the data should be acknowledged. The study’s reliance on VOSviewer and WOS, while providing valuable insights, may not capture the entirety of the research landscape. Acknowledging the existence of other databases and bibliometric analysis software, such as Scopus and CiteSpace, is essential for a more comprehensive understanding of ZW research trends. Meanwhile, the dynamic nature of the research landscape necessitates an acknowledgement of the evolving nature of data. As time progresses, relevant research databases continue to update, influencing the current state of knowledge in ZW research within the built environment.
5 CONCLUSION
This bibliometric review has provided a comprehensive analysis of the evolving landscape of ZW research in the built environment. The upward trend in publications underscores the global significance of ZW goals amidst increasing environmental concerns. Key findings highlight the prominent roles of certain countries, such as China, Australia, and England, as well as influential authors and institutions shaping the discourse in this field.
The co-occurrence analysis has unveiled critical keywords and concepts, emphasising a shift towards a holistic sustainability approach. Construction waste reduction, sustainable construction, circular design, prefabrication, intelligent construction, and lean construction emerged as focal points in achieving ZW objectives. The adoption of advanced modelling techniques, particularly system dynamics, underscores the industry’s response to the complexity of waste management, necessitating a holistic lifecycle perspective. Moreover, the emergence of circular economy as a key strategy and the role of prefabrication in waste reduction indicate promising avenues for sustainable practices in the construction industry. Building Information Modelling (BIM) plays a pivotal role in waste management and minimisation, reflecting a broader trend towards a digital built environment.
In the future, these findings suggest the need for adapting ZW strategies to local circumstances, considering global variations in ZW practices. The integration of technology, including artificial intelligence, the Internet of Things (IoT), and blockchain, is poised to play a transformative role in waste management and reduction. Stakeholder involvement remains crucial throughout the project lifecycle, emphasising the importance of collaboration among architects, planners, designers, engineers, and government representatives.
Despite the valuable insights gained from this review, it is essential to acknowledge certain limitations. The exclusive use of VOSviewer and Web of Science may have implications for the comprehensiveness of our findings. As research databases continue to evolve, staying abreast of updates and considering alternative databases and bibliometric analysis software will be imperative for a more nuanced understanding of ZW research trends.
In conclusion, this bibliometric exploration not only contributes to the current understanding of ZW in the built environment but also sets the stage for future research directions. The dynamic nature of the field necessitates ongoing scrutiny and adaptation to emerging technologies and evolving global practices, paving the way for a more sustainable and waste-conscious built environment.
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