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Abstract

:

In recent years, applications of Blockchain technology (BCT) have been progressing at a galloping rate in miscellaneous fields, such as finance, education, travel, healthcare, and insurance. However, BCT has gained much popularity in the construction industry, especially in developed nations worldwide, as it can solve real-world problems, including poor payments, inadequate cooperation and collaboration, inappropriate data sharing among stakeholders, and poor efficiency. The current research employs a bibliometric and systematic literature review (SLR) on utilizing BCT in the construction industry. Using co-occurrence and co-citation studies, network visualization and other methodologies concerning the Web of Science (WOS) database and the research contacts’ patterns were investigated in 482 academic papers. Notable publications, conferences, significant writers, nations, organizations, and funding organizations have been acknowledged. Our research reveals that the primary study topics are BCT in the construction industry, supply chain management, smart contracts, sustainability, building information modeling (BIM), the Internet of Things (IoT) and energy efficiency. Several possible fields for further research are mentioned, including the use of BCT in: (i) circular economy, (ii) risk management, (iii) smart villages, and (iv) infrastructure construction projects.
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1. Introduction


Blockchain is a distributed database system that keeps an ever-growing list of data entries that are verified by the network nodes that are a part of it. Every transaction is detailed in the data, which are kept in a public ledger. Blockchain is a decentralized system that eliminates the need for a middleman entity. Every node in the Blockchain has access to, and shares, the details of every performed transaction. Compared to centralized transactions involving a third party, the system is more transparent as a result of this feature.



Additionally, because every node on the Blockchain is anonymous, it is safer for other nodes to confirm transactions [1]. Blockchain was used in Bitcoin as one of the prominent cryptocurrencies in 2008 by Nakamoto [2]. Whilst Bitcoin is the most well-known blockchain application, there is a wide range of other uses for blockchain technology. Blockchain could be utilized in various financial services, including remittance, digital assets, and online payments, as it enables payments to be completed without a bank or other middleman [3]. In the beginning phase, Blockchain 1.0 was presented for currency; in the following stages, Blockchain 2.0 and 3.0 were introduced for smart contracts (market, economic, and financial applications) and, beyond currency, markets, and finance (health, science, government, and culture), respectively [4]. A lightweight blockchain is another BCT: a customized blockchain with a streamlined algorithm without compromising data security. This kind of blockchain might benefit the Internet of Things (IoT) and autonomous driving applications that need reliable data but have constrained processing resources. Most connected devices, particularly in the IoT, are tiny, common, and battery-powered to operate for an extended amount of time, both remotely and securely. A lightweight blockchain trust assessment technique is used for safe data transfer between nodes in wireless sensor networks [5,6]. Blockchain energy consumption is primarily influenced by four factors: network hash rate, complexity, hardware temperature regulation, and hardware processing power. Implementing an energy-efficient process is crucial as the consensus algorithm directly influences these four factors. The blockchain network may implement several consensus protocols, each of which has unique properties. Evidence of labor, proof of stake, and proof of authority are the most typical [7].



Generally speaking, there remain two different kinds of Blockchain, as follows [8]:




	
Permissioned Blockchains: These are private networks that only certain people or organizations can use to carry out transactions;



	
Public or Permissionless Blockchains: As an open-source network, everyone can utilize and access them (such as Cryptocurrencies).








The blockchain can be regarded as a record of ordered transactions as the nodes agree on an ordered collection of the blocks, each containing multiple transactions. Blockchain can be seen as a distributed transaction management solution for databases as the nodes maintain copies of the data and agree on the order in which the transactions should be executed [9]. In blockchain technology, the data, a hash, and the preceding block’s hash are all included in each block. Hash is a special combination of letters and digits that serves as the block’s identity. Common hashes typically have 256 bits. Hexadecimal numerals often represent hashes as they allow for saving some digits. The hexadecimal system employs the same 0 to 9 integers as the decimal system, plus an additional six digits. The prior block that forms the chains of blocks is referenced by the hash of the most recent block [10]. In other words, Blockchain, with its focus on security, is well suited to serving as an economic infrastructure in institutional settings. As shown in Figure 1, the records of transactions are linked in groups called blocks, with the first block as the “genesis” block [11].



The advantages of BCT could be improved through transparency, privacy, immutability, traceability, automation, decentralized, democratic decision-making, and lower costs due to the lack of mediators [13,14,15]. In other words, BCT’s primary objective is to remove the necessity of middlemen and replace them with a distributed network of digital users who collaborate to validate transactions and maintain the integrity of the ledger. Every participant in the blockchain network owns a copy of the ledger or has access to it via the open cloud, in contrast to centralized solutions. Consequently, a high degree of transparency is made possible because anybody using the network can examine the historical record of system transactions and confirm their authenticity [16].



Considering the construction industry, blockchain technology has been employed in different fields, such as supply chain management [17,18,19,20]; risk management [21]; smart contracts [22,23]; logistics [24]; carbon estimation [25]; building information modeling (BIM) [26,27,28,29,30,31]; the IoT [32]; and sustainability [33,34]. Blockchain’s potential in the construction industry should be thoroughly analyzed to glean insights from various stakeholders’ points of view. The use of Blockchain to enhance construction procedure management and service delivery necessitates identifying new trends, providing research findings, and suggesting prospective future research pathways. Several studies have performed bibliometric analysis using Blockchain for specific purposes [10,35,36].



Table 1 compares the current review of research works on the application of BCT in different fields. However, the following research questions will be discussed in this research work, employing bibliometric review analysis:




	
Which keywords are relevant for studying Blockchain in the construction sector?



	
Which publications and writers are responsible for the most outstanding blockchain-related work in the construction sector?



	
What are the most popular Blockchain topics among academics?



	
What are the future trends of research work on Blockchain in the construction industry research works?
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Table 1. Comparing recent review papers on BCT.
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	No.
	Year
	Ref.
	Application
	Article Type
	Software
	Database
	Journal/Conference





	1
	2023
	[37]
	Blockchain Governance
	SLR
	Google sheet
	GS
	Journal of Systems and Software



	2
	2023
	[38]
	Patent Management
	SLR
	-
	Scopus, WOS, IEEE Xplore, and GS
	International Journal of Information Management



	3
	2023
	[39]
	Construction Contract Management
	SLR
	-
	WOS, ScienceDirect, and Scopus
	Journal of Construction Engineering and Management



	4
	2022
	[40]
	Electronic Health Records
	SLR and BR
	VOSviewer
	GS, WOS, and IEEE
	Security and Communication Networks



	5
	2022
	[35]
	Managing Construction Disputes
	SLR
	-
	Scopus and WOS
	Automation in Construction



	6
	2022
	[41]
	SCM System
	BR
	VOSviewer
	WOS
	Journal of Management and Organization



	7
	2022
	[42]
	Big Data
	Survey
	-
	GS and arXiv
	Future Generation Computer Systems



	8
	2022
	[43]
	Smart Cities
	BR
	VOSviewer
	Scopus
	Quality and Quantity



	9
	2022
	[44]
	Human Resource Management
	SLR and BR
	VOSviewer
	Scopus and WOS
	Technology Analysis and Strategic Management



	10
	2022
	[45]
	E-Commerce SCM
	BR
	VosViewer
	WOS
	Sustainability



	11
	2021
	[46]
	Construction Supply Chain (CSC)
	SLR
	-
	WOS
	Journal of Construction Engineering and Management



	12
	2021
	[47]
	Vehicle Industry
	SLR and BR
	VOSviewer
	WOS
	ICIMTech



	13
	2021
	[48]
	Education Management
	SLR
	-
	Scopus
	Interactive Technology and Smart Education



	14
	2021
	[49]
	Logistics and SCM
	BR
	BibExcel
	Scopus and WOS
	Logistics



	15
	2021
	[50]
	SCM
	BR
	VOSviewer
	WOS
	Environmental Science and Pollution Research



	16
	2020
	[51]
	Reforming Construction
	BR
	VOSviewer
	Scopus and WOS
	Civil Engineering Journal



	17
	2020
	[52]
	Construction Industry
	SLR
	Excel
	Scopus, ScienceDirect, IEEE Xplore
	International Journal of Construction Management



	18
	2020
	[53]
	Logistics and SCM
	BR
	Gephi
	Mainly Scopus and GS
	IEEE Transactions on Engineering Management



	19
	2019
	[54]
	Agri-food Sector
	BR
	VOSviewer
	Scopus
	Journal of the Science of Food and Agriculture



	20
	2016
	[1]
	Current Research Topics
	SLR
	-
	IEEE Xplore, ADL, Springer Link, ScienceDirect, Ebsco, and PLOS One
	PLOS One







SLR: Systematic Literature Review; BR: Bibliometric Review; GS: Google Scholar; WOS: Web of Science; ADL: ACM Digital Library; SCM: Supply Chain Management.











The current literature research aims to enhance our knowledge of blockchain technology in the architecture, engineering, and construction (AEC) industry. This research will assist academics in proposing ideas for future research by analyzing the Web of Science (WOS) database papers. This study contains a bibliometric review to explore and map the literature on construction project management. A bibliometric review is an effort to collect journals and analyze their data to learn the evolution of a field and the applicability of what has been published locally or globally [55]. Bibliometric reviews retain a high degree of rigor and reproducibility, while evaluating more publications than systematic literature reviews [56,57]. The current study’s findings highlight the crucial topics in the blockchain literature and provide a proper understanding of the current research directions.



The remaining sections of the paper are as follows: Section 2 presents the research method. The results—Publication and Citation, Productive Authors, Top Journals, Organizational and Geographical Analysis, Citation Analysis, Subject Analysis, and Keyword Co-occurrence Analysis—are indicated in Section 3. In Section 4, a discussion of the paper is provided. The popular research subjects in blockchain Technology in the construction industry are elucidated in Section 5. Finally, in Section 6 and Section 7, the future research directions and the preliminary results of the current research work are given as concluding remarks, respectively.




2. Research Method


As shown in Figure 2, the five-stage approach outlined in this article—outlining the scope; generating research questions; selecting and filtering articles to search; conducting bibliometric analysis and mapping; and presenting the review process results—has been put into practice [58]. This kind of literature review provides a concise evaluation of the current or developing research topics while attempting to deduce the connections between authors, countries, keywords, and journal citations. However, researchers might utilize keyword searches to find the pertinent data and conduct any required analysis [59]. For this study, 616 academic publications were extracted from the WOS database for analysis in the collecting phase. Consequently, 134 publications were left out of the study because they were published in languages other than English and had no bearing on the construction projects in the filtering phase. Hence, 482 articles have been selected for this bibliometric study. On September 10th, 2022, a search using the keywords “Blockchain” and “Construction” was performed, considering the papers published between 2016 and 2022. This review approach gives a short assessment of the current state of the art for a well-established or emerging field of study by attempting to understand the links between journal citations, countries, keywords, and authors. At present, there are no standard procedures for conducting in-depth literature reviews in the field of construction management science [60] in the bibliometric phase. The VOSviewer software was used for the mapping phase, and in the reviewing phase, the novel and future trends were discussed and proposed. Figure 3 shows the paper’s distribution in the current study.



Bibliometric Analysis


Bibliometric analysis has become more popular among scientists to study in the field of bibliometrics. As it is a helpful method for assessing the qualities of a particular topic area or a specific publication, bibliometric analysis has progressed quickly. It has been used in various academic domains [61,62,63]. By using bibliometric networks and quantitative analysis methods, it is possible to detect the established and growing subject areas. It may also aid in identifying clusters of study and researchers that illustrate how diverse fields may have formed depending on the author and institutional features [64]. Some databases, such as Scopus, Google Scholar, Dimensions, WOS, Lens, and PubMed, continue to extract the relevant information and documents. As part of the current study, Clarivate Analytics’ WOS was utilized to carry out a bibliometric analysis of blockchain technology in construction projects between 2016 and 2022.



Furthermore, many tools, such as Bibliometrix, CitNetExplorer, VOSviewer, ScienceScape, Gephi, and Citespace, have been developed to aid the visualization and network analysis, as well as to gain a better understanding of the vast amounts of information employing database analytic techniques. However, the VOSviewer (Visualization of Similarities) software has been employed in the current study. The distance between two topics on a two-dimensional map was calculated and placed using the VOS mapping approach to precisely portray the similarity or relatedness of the topics as feasible. The topics were divided into groups using the VOS clustering algorithm, and each category was identified by a distinct color [65].





3. Results and Discussion


3.1. Publication and Citation Results


In this study, academic documents, including journal and proceeding articles, have been extracted using the WOS in the field of blockchain technology in construction projects. Regarding the WOS database, Figure 4a shows the number of articles and the cumulative number of papers between 2016 and 2022. In the first two years, the number of publications was less than ten; then, the number of documents experienced a significant rise of 143, from 22 in 2018 to 165 in 2021. Nonetheless, a mere 126 documents were provided in 2022, and this study evaluated the documents for only nine months of 2022. Additionally, the total number of citations is elucidated in Figure 4b, in which the whole number of citations is 2703, and 2510 documents are without self-citations. The average citation per item and H-index are 9.56 and 36, respectively. Between 2016 and 2021, the rate of the rise in citations was exponential, and although that trend has slowed somewhat in 2022, this analysis only accounts for the first nine months of that year. According to the literature, despite its introduction some years earlier, blockchain technology has been employed in the construction industry since 2016.




3.2. Productive Authors


The VOSviewer can analyze and visualize a scientific study area to help users rationally understand a coherent and organized knowledge structure. This technique is well known as a practical, systematic review methodology for exposing hidden implications in enormous data sets [66]. In the current study, 1554 authors have written 482 academic documents on Blockchain in the construction industry. Approximately 13% of authors have at least two papers in this domain, followed by nearly 3.9% and 0.5% with a minimum of three and five papers, respectively. Table 2 indicates the top five most productive authors in the studied field. Wilson LU is the most influential and productive author in employing Blockchain technology in the construction industry, followed by Liupengfei Wu. However, nearly 80% of the effective authors are from The University of Hong Kong, one of the top universities around the world, and its world ranking in 2022 is 21 based on the Q.S. The VOSviewer was employed to analyze the co-authorship pattern of authors writing on Blockchain in the construction industry. The co-authorship indicator identifies more productive and collaborative authors and helps us rate them according to the number of papers and citations they received. The network writers have written at least one article on the subject. Not listed are writers who are not linked to other authors in the network.



Figure 5 depicts the outcome of this authors’ collaboration network. Based on the co-authorship study, a collaboration map has been created between the major authors who have written about Blockchain technology in the construction industry. The network is widely dispersed, which might facilitate rapid research area expansion [67]. The size of the circles shows the number of publications, while the line between the two writers indicates their collaboration. The colors symbolize the clusters of cooperation, and six important clusters remain. The collaboration network can detect six primary author clusters [68]. The author has research networks that span six distinct study clusters in this field and reach as far as Hong Kong, the United Kingdom (UK), and the United States of America (USA).




3.3. Top Journals


The 482 academic documents were published in 246 different journals. This large number demonstrates the diversity of study topics and the interdisciplinary nature of blockchain research. Based on the data acquired, 30% of the journals (74 journals) have published at least two papers in the mentioned field, followed by 6% with five papers (15 journals). However, Table 3 displays the top ten journals concerning Blockchain in construction projects from the statistics of the WOS database. The journals that publish the most articles are Automation in Construction, IEEE Access, Buildings, and Security and Communication Networks. The IEEE Access journal is closely followed by the Automation in Construction publication in terms of academic citations, proof of its popularity, and high-quality research output. Among the top ten journals, the Automation in Construction journal has the most significant Impact Factor (IF) in 2021, accounting for 10.517, followed by the IEEE Internet of Things Journal (10.238).



Nonetheless, Figure 6 shows the journal network analysis in the VOSviewer software. Remember that journal co-citation occurs when the third document from a different journal cites two articles from the same journal [69,70]. In this study, 246 sources, including journal articles and conference papers, were located using the VOSviewer; however, with the required minimum of three source documents, only 28 sources meet the criteria. There are still nine clusters, 91 links, and 589 link strengths. The cluster colors file comprises clustered columns in red, green, and blue. The cluster identification numbers are provided in the clustered column. A cluster number must be an integer between 1 and 1000. The green, blue, and red columns include the same color components. Each color component must be a positive integer between 0 and 255 [71]. In this figure, the main cluster is red (#1). Cluster #1 is red (IEEE Annual International Computer Software and Applications Conference (COMPSAC), Automation in Construction, Buildings, etc.), and cluster #6 is turquoise blue (IEEE Access, International Conference on Financial Cryptography and Data Security, and Computer Communication journal).




3.4. Organizational and Geographical Analysis


All of the papers considered in the current research work were allocated to a specific nation and organization, as indicated by the WOS database.



3.4.1. Country/Region


The publications concerning Blockchain in the construction industry originate from 65 miscellaneous nations or territories. Of those 65, two were in Oceania, two in South America, two in North America, eight in Africa, twenty-two in Asia, and twenty-nine in Europe. Forty nations (61.5%) published five or fewer papers, ten nations (15.3%) have published between six and ten publications, and only fifteen countries (23%) have published more than ten publications on the topic of Blockchain in the construction industry. China published the most articles (n = 228), which is followed by the USA (n = 69) and Australia (n = 46). Figure 7 elucidates the top ten most productive nations in Blockchain in the construction industry research, where most research concerning blockchain technology in the construction industry has been published. Based on the information, 85% of the G7 countries (the USA, Canada, Germany, Italy, Japan, and the UK) were ranked within the top 15 most productive countries publishing Blockchain in the construction industry research. Figure 8 shows the papers’ distributions worldwide. A mere 92.30% of countries published articles concerning blockchain technology in the construction industry, indicating this technology’s novelty and emerging trend worldwide, especially in Asian and European countries. Meanwhile, only China published more than 80 papers in the mentioned field between 2016 and 2022, elucidating its priorities in researching blockchain technology in the construction industry.



The VOSviewer was used to analyze the co-authorship network across the nations publishing on Blockchain in the construction industry. The network countries released at least seven papers on the subject. Not mentioned are nations not linked to other nations in the network. The outcome of the international collaboration network is seen in Figure 8. One major benefit of Figure 9 is that it allows for a visual inspection of the various countries to identify those with particularly detailed profiles. The People’s Republic of China, the USA, and Australia are the top three countries producing papers related to Blockchain in the construction industry.



Consequently, the strength of the connections between these nations is greater; the more significant the thickness of the lines connecting the circles, the stronger the cooperation. The various colors stand for clusters of collaborators. It is understood that there remain three indispensable clusters, including one centered in England (the red cluster) and the other two in Germany (the green cluster) and Australia (the blue cluster). However, China has the most significant number of citations between 2016 and 2022, accounting for 1374, followed by the USA (949), Australia (828), and England (535). Consequently, research on using Blockchain in the construction industry is dominated by institutions from developed nations, reflecting these nations’ superior economic and educational infrastructures [72,73]. On the map, clusters that are near one another represent fields that are closely connected.




3.4.2. Organizations


The 482 articles containing institution information included participation from 676 different research organizations. Approximately 22% (148) of the organizations have published at least two academic documents in the mentioned field. Thirty organizations (4.4%) published more than five papers on Blockchain in the construction industry, and merely four organizations (0.6%) published more than ten papers. Table 4 indicates the top ten most productive organizations/institutes publishing papers in the studied field. The majority of the productive universities (60%) are from China, making the country the first and top nation publishing the most papers in the field of Blockchain in the construction industry. Furthermore, The University of Hong Kong could be deemed the most productive organization, with 14 articles, followed by the Chinese Academy of Sciences with 13 papers.




3.4.3. Funding Agencies


As a pick-a-back regulation, funding organizations might also provide political and regulatory standards that scientific referees must consider when evaluating grant applications. The adoption of an external issue orientation must not be a requirement of such external criteria. Pick-a-back requirements in the review process include, for instance, the provision to reject projects that exceed a set maximum budget, the requirement to strive for a more equitable regional distribution of funding resources, or the need to accept the ethical conditions imposed by the funding agency [74]. Governmental organizations, nonprofit organizations, and private foundations can be financing sources. The primary goal of a funding organization is often to promote proficiency in or excitement for a particular subject, such as sustainable energy, the environment, charity endeavors, or medical technology. Funding organizations contribute to the overhead costs while also covering the total cost of research [75]. The most well-known funding organizations are shown in Figure 10 and were taken from the WOS dataset. It could be inferred that The National Natural Science Foundation of China (NSFC) has supported 101 academic documents in the mentioned fields, followed by the National Key R and D programs of China with 17 and the National fundamental research and development program of China, with 15 funding assistance.





3.5. Citation Analysis


A citation could be divided into two procedures, including: (i) citing analysis that deals with the knowledge intake or the behavior of citing in a publication (the references utilized in the article); and (ii) cited analysis that deals with knowledge production or referencing a publication by others (other works that utilize the publication as a reference) [65,76]. Furthermore, the network of document co-citations helps map the study field and organize the documents based on the citation linkages between publications [77]. However, concerning the cited analysis, the 482 papers about Blockchain in the construction industry were used in 8506 academic documents, based on the WOS. The citation index calculates a journal’s impact factor using two fundamental components: the numerator and the denominator. The journal’s numerator represents the times in the current year that articles published in the preceding two years by the same journal were referenced. The denominator includes the total number of substantive papers (often original articles and reviews) issued by the journal within the same two years [78].



Furthermore, there is still the belief that the amount of citations indicates a paper’s importance, reputation, and quality [79]. In stark contrast, some claim that citation numbers are inaccurately and inappropriately utilized as indicators of scientific merit. It is necessary to read articles to assess their quality [80]. Table 5 shows the top ten frequently cited papers. As shown, precisely 70% of the top ten cited papers were published in 2020, which could be deemed the golden year of emerging Blockchain research in the construction industry.



Moreover, more than half of them were published in the Automation in Construction journal, one of the prestigious and preferable journals among academics. In general, the longer it has been since an article was published, the more times it has been cited [81,82]. On the other hand, the first cited paper was published two years later than in 2017, indicating the journal’s quality, topic, and level of expertise the authors.



There have been 482 articles published on blockchain technology in the construction industry, and the citing analysis provides information on how many references were utilized within every article. Overall, 12,492 sources were utilized. The more two papers or authors, or in this example, two journals, are referenced together by an author, the more similar the authors and themes of those two journals are presumed to be. Co-citation studies the scientific publications cited in the same work [76]. Figure 11 demonstrates the network of co-citation analysis using the VOSviewer software. The size of the circles indicates the number of citations. In other words, the more an article has been mentioned in the Blockchain publications for the construction industry, the larger the circle. A smaller space between them indicates a closer relationship and more similarity between the two articles. Circles of the same color imply that these publications have a common subject [65]. Based on the direct citation relationships, the clustering approach assesses how closely connected the articles are. The ability to effectively cluster extremely large numbers of publications is one of the main benefits of using direct citation connections. One drawback is that particular articles cannot be correctly allocated to a cluster because there are not enough direct citation linkages between them [83].
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Table 5. Top 10 frequently cited papers in the field of BCT in the construction industry.
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	No.
	Paper’s Title
	Author(s)
	Journal (IF)
	Year
	CA’s Country/Region
	Times Cited
	Average Citations/Year
	Primary Topic





	1
	Blockchain in the built environment and construction industry: A systematic review, conceptual models and practical use cases
	Li, Greenwood and Kassem [14]
	Automation in Construction (10.517)
	2019
	The UK
	79
	19.75
	Construction industry and Built environment



	2
	Potentials of Blockchain Technology for Construction Management
	Turk and Klinc [84]
	Procedia Engineering
	2017
	Slovenia
	70
	14
	Construction industry



	3
	The outlook of blockchain technology for construction engineering management
	Jun WANG [85]
	Front. Eng
	2017
	S. Korea
	60
	12
	Equipment leasing and Supply chain and contract management



	4
	Blockchain technology: Is it hype or real in the construction industry?
	Perera, et al. [86]
	Journal of Industrial Information Integration (11.718)
	2020
	Australia
	58
	19.33
	Construction industry



	5
	Blockchain-based framework for improving supply chain traceability and information sharing in precast construction
	Wang, et al. [87]
	Automation in Construction (10.517)
	2020
	China
	49
	16.33
	Supply chain management



	6
	Public and private blockchain in construction business process and information integration
	Yang, et al. [88]
	Automation in Construction (10.517)
	2020
	Australia
	46
	15.33
	Construction industry



	7
	Do you need a blockchain in construction? Use case categories and decision framework for DLT design options
	Hunhevicz and Hall [89]
	Advanced Engineering Informatics (7.862)
	2020
	Switzerland
	40
	13.33
	Construction industry



	8
	Construction quality information management with blockchains
	Sheng, et al. [90]
	Automation in Construction (10.517)
	2020
	China
	40
	13.33
	Quality management



	9
	A semantic differential transaction approach to minimizing information redundancy for BIM and blockchain integration
	Xue and Lu [91]
	Automation in Construction (10.517)
	2020
	Hong Kong
	39
	13
	Building Information Modeling (BIM)



	10
	Securing interim payments in construction projects through a blockchain-based framework
	Das, et al. [92]
	Automation in Construction (10.517)
	2020
	Hong Kong
	37
	12.33
	Smart contracts







IF: Impact Factor (2021); CA: Corresponding Author.












3.6. Subject Analysis


Each publication included in the WOS is given a primary subject area. Each topic area reflects a distinct academic discipline. Approximately 250 subject areas may be found on the WOS. The subject classifications of a journal are automatically applied to all of the papers published in that publication [65]. Similar to the various journals indicated in the previous sections, many subject areas elucidate the multidisciplinary characteristic of blockchain technology. Figure 12 shows the top subject areas in this research. Notably, computer science information systems make up approximately 30% of the total areas, followed by telecommunications, registered at a mere 14%. Sharing an equal proportion, computer science theory methods and electrical engineering electronics comprise 12% of the whole. Furthermore, civil engineering accounts for 11%, and the remaining subject areas contribute less than 10%.




3.7. Keyword Co-Occurrence Analysis


To quickly identify the research hotspots and frontiers in the field of blockchain technology in the construction industry, it is helpful to conduct a keyword analysis of research papers in that field [93]. In this research, the data from the WOS database are utilized to generate networks using the VOSviewer program, which incorporates co-occurrence analysis of keywords, etc. The network’s degree of closeness between nodes represents the degree of association between the keywords [77]. Instead of all of the keywords, “Author keywords” were used to produce a repeatable depiction of the keywords [94]. Consequently, A total of 1227 keywords were extracted from the dataset. To be included in the network, a minimum of seven occurrences was required, and 37 keywords linked by 738 links passed this requirement. The co-occurrence network of the terms is explained in Figure 13. Table 5 lists the most common keywords, their occurrence, and their overall link strength.



In recent years, following the COVID-19 pandemic, the keyword (COVID-19) has been shown four times and the keyword(s) (novel coronavirus pneumonia (COVID-19)) has been shown once among the studied documents in the field of Blockchain in construction projects. As indicated in Table 6, the keyword (Blockchain) is the most popular author keyword in the literature, followed by (smart contract). Furthermore, the keywords (internet of things), (supply chain management), (Digital Twins), and (Building Information Modeling (BIM)) have been used in documents, which could be deemed as the primary themes in construction management in conjunction with blockchain technology.





4. Discussion


The VOSviewer is utilized for creating and visualizing bibliometric networks. Citations, bibliographic coupling, co-citations, or authorship collaborations can all be used to form these networks. The VOSviewer has text mining tools that enable it to build and display networks of co-occurrences of critical terms in the scientific literature [95]. Using any appropriate mapping approach, the VOSviewer could very well show maps that have been created. As a result, the application can display maps created using other approaches, including multidimensional scaling, in addition to the VOS mapping methodology. The VOSviewer may be launched immediately from the internet and is compatible with a wide range of hardware and operating system platforms [96,97].



The present research uses the VOSviewer program to analyze co-authorship concerning the nation, organization, and author. With the most significant number of citations among other countries across the globe, China and the USA are the two most significant countries producing research publications in the area of blockchain technology in the construction sector. In addition, compared to the other institutions listed in this research, The University of Hong Kong and The Chinese Academy of Sciences have released the most noteworthy publications. As mentioned earlier, universities in Asia are heavily involved in publishing research in the area.



To discover the study trends in this vital field of research, bibliometric analysis has been carried out in the VOSviewer to illustrate the keyword co-occurrence and citation networks of the selected publications [98]. In this study, 482 papers from the WOS database connected to blockchain technology in the construction industry were found using a more focused search query. The number of publications on this topic increased from 2016 to 2021; 2021 had the greatest number of articles. This study’s initial research subject was Blockchain; hence, the study’s keyword co-occurrence network was built using the VOSviewer software. Table 5 lists the top keywords from the WOS papers in the order of their frequency of occurrence. The second research topic was to identify the most influential authors and publications. The University of Hong Kong’s Wilson LU is the most prolific author, with Liupengfei Wu coming second.



Automation in Construction, IEEE Access, and Buildings are the most cited journals. For the following RQ, which focused on the most critical themes of blockchain technology in the construction industry, document co-citation and clustering analysis were utilized to elucidate the prominent study topics in the literature for BCT. The literature on blockchain technology in the construction industry was divided into seven categories: supply chain management (SCM), smart contracts, Blockchain for sustainability, BIM and Blockchain, and the IoT and Blockchain. The literature’s current trends in blockchain technology and prospective future study subjects were the focus of this paper, which also covered the fourth research goal.




5. Popular Research Subject in BCT in the Construction Industry


This section discusses the supplied clusters and lists each cluster’s most commonly cited sources. The research topics are then investigated using the most relevant publication, and the research domains are evaluated based on the number of publications in each.



5.1. Supply Chain Management and Blockchain


A supply chain (SC) is a network of parties transporting commodities, services, payments, and information from a supplier to a client. The supply chain for construction projects is dispersed and intricate around the globe [99]. For instance, student housing at the University of Hong Kong required the delivery of prefabricated modules over 2414.016 km from Jiangsu and, at its busiest, over 200 personnel on the supply chain. This project included more than 20 suppliers from around China [100,101]. A larger lack of trust results from inefficient transactions, fraud, theft, and underperforming supply chains, necessitating improved information exchange and verifiability [102].



SCM is dedicated to ameliorating employee efficiency throughout the SC. The construction sector supply chain trends deteriorate, which raises the number of transactions, while lowering the average value. The issue of low SCM confidence in the construction industry has long been worsened by disintegrated collaboration [17]. Blockchain can assist SCM in achieving its key objectives of affordability, reliability, speed, sustainability, and flexibility [103]. Hence, a digital “token” is created and attached when a physical thing is generated using blockchain technology. The item’s eventual receiver may then authenticate the token, which can trace the object’s history back to its initial place. As no one company or collection of entities can unilaterally modify the information stored inside the Blockchain, the end users have increased trust in the information they receive [104]. In other words, another way in which blockchain networks can help reduce transactional disputes is by facilitating the transfer of digitalized stakes and providing the authentication of the document validity [105]. Based on the data from the WOS, 47 academic documents out of 482 were concerned with BCT in the Supply Chain.




5.2. Smart Contracts and Blockchain


Progression payments are provided in construction projects depending on the value of work conducted within a specified period or after reaching an agreed milestone. Payment terms are outlined in the agreements. Deadlines are often established for generating an invoice, reviewing it, and signing off on it before the payment is due [106]. The delivery of materials is interrupted due to payment delays, which lowers labor productivity in the construction sector. As a result, the success of building projects and the sector’s viability are impacted. Studies conducted in the UK and other nations since the 1960s have shown that, as a result, payment problems in the construction industry are common and have been a cause of worry for decades [107]. Moreover, late payments impact the time, cost, and quality; timely payments are necessary for high-quality construction to proceed without interruption. A lack of consistent and prompt payment may cause projects to be delayed, profits to decline, and in the worst-case scenario, the firm may be liquidated. It will also impact the whole supply chain in the construction industry as, for instance, the contractor will not be able to make timely payments to his banks, suppliers, employers, and employees, which would threaten everyone [108].



Szabo initially suggested the phrase “smart contract” in 1994, describing it as “a computerized transaction protocol that performs the provisions of a contract” [109]. This agreement should meet the standard contract requirements, including payment plans, liens, confidentially, and even enforcement. Such a contract for smart technology must reduce the need for reliable intermediaries, such as banks, limit purposeful and unintentional exceptions, and achieve economic objectives, including reducing fraud risk, arbitration and enforcement costs, and other transaction costs [110]. The use of a distributed ledger may be expanded to include smart contracts. In the blockchain environment, the smart contract runs as a distributed application. The program’s trustworthiness is guaranteed because it cannot be altered, and its immutability has been cryptographically validated. The primary benefits of smart contracts include autonomous operation (i.e., no need for a trusted third party) and decentralized service provision [111]. Consequently, Blockchain enables the representation of individuals as users and the expression of transactions in various forms, including documentation, materials, and cash flow. As it is the most significant of these transactions, the financial transaction stands out as a viable area for cryptocurrency study [112].




5.3. Blockchain for Sustainability


Sustainable construction practices have always been at the center of the AEC industry as sustainability is one of the most pressing topics on the international agenda [113]. Evidence from the past suggests that the building sector is responsible for around one-third of the global rise in carbon emissions and energy consumption [114]. Additionally, to suit specific demands, sustainable supply chains are dedicated to offering their shareholders quality goods and rewarding services in an economical and environmentally friendly way [115]. The primary technique for evaluating the environmental effects of a built asset or one of its elements is the life cycle assessment (LCA) model. However, it is not easy to do an LCA study of a built asset due to the abundance of data, synergies, and tradeoffs across the product life cycle phases [116]. Consequently, not only can blockchain technology provide a traceable and transparent track for products and materials, but it can also give vital information that may be utilized in decision-making as a foundation plan for the decommissioning of a structure and the reuse of the materials in every construction project through the appropriate understanding of their properties and composition. In other words, in developed countries, smarter and more sustainable methods may be implemented due to technological innovation and improvements in the building sector. Blockchain technology has the potential to improve several areas, including supply chain efficiency, financial flows, and the simplicity with which goods may be tracked in real time [117].




5.4. BIM and Blockchain


Computer-Aided Design (CAD) tools have allowed architects to utilize digital drawing techniques, rather than paper and pen, to create vertical and horizontal lines. These were the first design-aid tools to help architects perform building design [118]. From the early restriction of replicating pen and paper to the subsequent supply of many computing and connecting capabilities, the CAD tool approaches have been improved over the last few decades [119,120]. Furthermore, early in the design process, uncertainty and a lack of knowledge often cause the designers to make biased decisions. Multiple stakeholders are involved in the preliminary design in the highly project-oriented construction sector, and poor communication leads to disputes and decreased productivity [121,122].



In recent years, however, the popularity of the BIM process is progressing at a galloping rate in the construction industry thanks to its privileges, such as 3D visualization at the design phase, clash detection, scheduling, cost management, etc. [123,124]. During the building’s O and M phase, BIM can serve as a multipurpose tool to help management organizations accomplish these goals. The BuildingSMART Alliance has defined BIM and its contributions in three ways: BIM is a business process that enables all parties involved in a building’s design, construction, and operation to create and use the data concerning the asset’s condition and performance across time [125,126].



In a sequence of “smart objects,” a BIM contains all building-related information, including its functional and physical properties and the project’s life cycle data [127]. However, cybersecurity, interoperability, and data ownership are still problems for collaborative BIM. Furthermore, serious repercussions, including financial and confidence loss and reputation, may come from the improper sharing, leakage, or loss of sensitive project information through collaborative BIM platforms, including intellectual property, financial data, and clients’ data [128]; consequently, Blockchain is well suited to satisfy the security needs of collaborative BIM platforms because of its combination of peer-to-peer networking, asymmetric encryption, encrypted data formats, and consensus algorithms technology. Furthermore, Blockchain’s distributed smart contract technology could be utilized to validate digital signatures and store cryptographic endorsements for future verification, allowing for the safe development of BIM information processes. Furthermore, other Blockchain benefits in BIM could be minimizing information and document redundancy [91], providing automation in the design process [129], and post-disaster recovery [130].




5.5. Internet of Things (IoT) and Blockchain


The IoT is a vast network infrastructure of numerous interconnected devices that depend on technology for sensing, communicating, networking, and processing information. IoT devices have many advantages, but they also have some drawbacks, such as the fact that they produce a lot of data and use a lot of energy and because they are centralized and controlled by an administrator who can alter the underlying system or even shut it down entirely, which raises trust concerns. With the help of the IoT system, connected devices may monitor their activity and that of their immediate surroundings, exchange this information with one another, and eventually upload their findings to a centralized server [131]. Radio-frequency identification (RFID) technology, which enables microchips to communicate identifying data to readers through wireless transmission, is a key component of the IoT [132].



Open BIM defines the information in the construction site, and data sharing for BIM interoperability often uses the Industry Foundation Class (IFC). However, the IoT is a new phenomenon that may help BIM to integrate actual resources with virtual BIM objects using real-time data, making it a fundamental paradigm for creating digital twin (DT) applications that increase construction efficiency [124,133]. Consequently, DT utilized IoT to upgrade BIM in real-time, whereas Blockchain verifies and adds confidence to all data transfers.




5.6. Blockchain for Energy Efficiency


Accelerating the adoption of energy efficiency initiatives is crucial for accomplishing two goals. First, the Sustainable Development Agenda proposes doubling the worldwide pace of progress in energy efficiency by 2030. Secondly, to meet the Paris Agreement’s goal of keeping global average temperatures below two degrees Celsius [134]. Hence, another application of BCT could be in the energy sector. Integrating dispersed renewable energy sources into the current centralized energy system presents various problems within the energy industry, which is under change. IoT and BCT are two examples of the digital potential facilitating the development of a decentralized and democratic energy system [135]. Furthermore, BCT can offer an innovative means of enhancing energy efficiency initiatives’ transparency and lowering transaction costs.





6. Future Research Directions


The research directions for the future of Blockchain in the building industry are highlighted as follows:




	
Blockchain technology for circular economy in the construction industry;



	
Blockchain technology for risk management;



	
Blockchain technology for smart villages;



	
Blockchain technology for infrastructure construction projects.









7. Conclusions


In conclusion, this bibliometric study revealed that, over the past six years, not only has the number of papers published on blockchain technology (BCT) increased, but so has the level of interest in this topic among academic researchers. The popularity of BCT has increased the research conducted by professionals and academicians. This paper presents a methodology for conducting a topical literature review on BCT in the construction industry and selecting the appropriate research topics. This is the first thorough research to map the BCT literature utilizing a systematic review methodology using 482 scholarly publications. This research identified the most common keywords, successful authors and nations, leading journals and conferences, leading funding agencies, and current research topics. Future BCT developments were also mentioned. Construction professionals should also examine the review’s conclusions and BCT’s influence on enhancing organizational performance. The scope of the evaluated BCT literature is narrowed by focusing only on scholarly articles collected from the Web of Science database. It would be intriguing to do a similar analysis for future research with a wider variety of BCT from Google Scholar, Scopus, and PubMed in the construction industry literature. The following are the key results connected to the study questions:




	
(i) smart contracts; (ii) the Internet of Things; and (iii) BIM are the most suitable keywords in the stated subject.



	
The most prolific author is Wilson LU.



	
The University of Hong Kong is the most productive institution. It is clear from the above that most institutions were educational institutions, such as universities, with little to no close working relationships with industries or government agencies.



	
Two of the most prestigious journals in this field are Automation in Construction and IEEE Access. It is interesting to note that every one of the highly cited journals is also a top source for works on BCT.



	
China and the United States are the two most productive countries.



	
Supply chain management, smart contracts, sustainability, BIM, and the IoT are among the most often discussed subjects in the field of Blockchain in the construction industry.








According to the findings of the analysis, only 482 papers specifically addressed BCT in the construction industry, despite the topic’s significance clearly showing a tendency toward more research in recent years. However, to achieve “Smart Building 4.0,” which requires a robust and secure integration of data, processes, knowledge, and stakeholders, using Blockchain may be considered one of the most successful and impactful options. The limitation of the current research work is that only documents published in the WoS were included in the search. Despite being one of the most extensive databases in the world, the WoS does not contain all documents related to BCT in the construction industry research. Combining Scopus, PubMed, and Google Scholar with other international databases is an option. Furthermore, BCT can be used in future novel fields, such as Metaverse and Virtual Reality (VR). Furthermore, Blockchain 4.0 and 5.0 might be introduced for further applications in different sectors.
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	BIM
	Building Information Modeling
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	Blockchain Technology
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	Internet of Things



	SC
	Supply Chain
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	Life Cycle Assessment
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	O and M
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	The National Natural Science Foundation of China
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	Radio-Frequency Identification
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	Distributed Ledger Technology
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	Supply Chain Management
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Figure 1. A Blockchain Architecture [12]. 
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Figure 2. The research’s methodology and framework. 
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Figure 3. Percentage of papers’ distribution in this research. 
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Figure 4. (a) Number of publications from 2016 to 2022; (b) Number of citations from 2016 to 2022. 
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Figure 5. Network visualization of co-authorship. 
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Figure 6. Network visualization of journals. 
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Figure 7. Top-10 most productive nations on Blockchain in the construction industry. 
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Figure 8. Papers’ distribution across the globe. 
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Figure 9. Network visualization of international collaboration. 
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Figure 10. Top influential funding agencies. 
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Figure 11. Network visualization of co-citation. 
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Figure 12. Classification of top subjects. 
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Figure 13. Network visualization of keywords co-occurrence. 
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Table 2. The most productive authors.
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	No.
	Author
	Documents
	Citations
	Country/Region
	Organization
	Average

Citations Per

Publication





	1
	Wilson LU
	11
	144
	Hong Kong
	The University of Hong Kong
	13.09



	2
	Liupengfei Wu
	10
	89
	Hong Kong
	The University of Hong Kong
	8.90



	3
	Aggelos Kiayias
	9
	156
	United Kingdom
	University of Edinburgh
	17.33



	4
	Fan Xue
	9
	177
	Hong Kong
	The University of Hong Kong
	19.66



	5
	Rui Zhao
	7
	89
	Hong Kong
	The University of Hong Kong
	12.71
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Table 3. The most prominent journals.






Table 3. The most prominent journals.





	No.
	Source
	Documents
	Citations
	Total Link Strength
	Average

Citations Per

Publication
	IF (2021)





	1
	Automation in Construction
	33
	884
	207
	26.78
	10.517



	2
	IEEE Access
	23
	268
	28
	11.65
	3.476



	3
	Buildings
	12
	206
	87
	17.16
	3.324



	4
	Security and Communication Networks
	11
	16
	0
	1.45
	1.791



	5
	Sustainability
	11
	93
	12
	8.45
	3.889



	6
	Wireless Communications and Mobile Computing
	11
	12
	2
	1.09
	2.146



	7
	IEEE Internet of Things Journal
	10
	66
	1
	6.6
	10.238



	8
	Engineering, Construction and Architectural Management
	9
	119
	71
	13.22
	3.85



	9
	Frontiers of Engineering Management
	9
	257
	92
	28.55
	NA.



	10
	Journal of Information Security and Applications (JISA)
	8
	21
	0
	2.625
	4.96
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Table 4. The most productive organizations.






Table 4. The most productive organizations.





	No.
	Organization
	Country/Region
	Number of Documents
	Citations
	Average Citations/

Publication





	1
	The University of Hong Kong
	Hong Kong
	14
	187
	13.35



	2
	Chinese Academy of Sciences
	China
	13
	79
	6.07



	3
	The Hong Kong Polytechnic University
	Hong Kong
	10
	49
	4.90



	4
	University of Johannesburg
	South Africa
	10
	62
	6.20



	5
	Beijing University of Posts and Telecommunications
	China
	9
	26
	2.88



	6
	The University of Edinburgh
	Scotland
	9
	156
	17.33



	7
	Guangzhou University
	China
	8
	30
	3.75



	8
	Huazhong University of Science and Technology
	China
	8
	103
	12.87



	9
	Southeast University
	China
	7
	26
	3.71



	10
	Xidian University
	China
	7
	45
	6.42
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Table 6. The top and frequently used keywords.
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	No.
	Keywords
	Occurrences
	Total Link Strength
	No.
	Keywords
	Occurrences
	Total Link Strength





	1
	Blockchain(s)
	286
	397
	9
	bitcoin
	15
	21



	2
	smart contract(s)
	92
	173
	10
	authentication
	11
	34



	4
	internet of things (iot)
	37
	90
	11
	supply chain management
	11
	26



	5
	bim
	22
	47
	12
	artificial intelligence
	10
	19



	6
	security
	21
	69
	13
	big data
	10
	23



	7
	construction
	19
	47
	14
	cloud computing
	10
	32



	8
	blockchain technology
	18
	21
	15
	industry 4
	10
	19
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