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Abstract: Investigating Industry 4.0 technologies and studying their impacts on various aspects of the
construction industry, including stakeholders and the lifecycle, is vital to enhance novel applications
of such technologies in an industry that is known as Construction 4.0. The main objective of the
current state-of-the-art review is to provide a comprehensive literature review on three widely used
Industry 4.0 technologies, Building Information Modeling (BIM), Blockchain, and LiDAR, which have
strong potential to promote and optimize different activities of the project, and also, the integration
of them can greatly impact the construction industry in the whole project lifecycle. A bibliometric
analysis of keyword co-occurrence and citations revealed a significant number of publications from
2014 to 2023 investigating the selected technologies. Recent trends indicate that the majority of papers
have considered the selected technologies in the integration with each other. However, a specific gap
exists in the literature regarding the interactions and potential synergies among these technologies.
This gap limits the understanding of how these integrations can address challenges unique to the
construction industry and hinders the development of comprehensive solutions. The review has
been analyzed and discussed in reference to the type of article, single or multi technologies, the
lifecycle, and their applications. The study showed that the integration of BIM, Blockchain, and
LiDAR, as a recent trend and as a beneficial solution to automate the whole construction process,
has considerable capacities to improve the productivity of the construction industry. Finally, some
application areas for the integration of these three technologies are concluded and are suggested, and
therefore, an advantageous reference has been provided for scholars to plan their future research in
this sector.

Keywords: building information modeling (BIM); blockchain technology (BCT); light detection and
ranging (LiDAR); construction industry; project lifecycle

1. Introduction

Today, innovative tools and methods employed in construction are seen as vital ele-
ments within the industry’s frameworks. The construction sector, influential in economies
globally due to its output and infrastructure, plays a significant role. Factors, such as rapid
population growth, heightened demand, the urgency to expedite project completion, and
the need to hasten investors’ returns have necessitated a shift from traditional construc-
tion methods. The surge of Industry 4.0 and advancements in information technology
platforms have propelled the focus on intelligent systems across various industries [1],
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holding promise for enhancing the efficiency of construction. Embracing new concepts and
technologies could potentially steer construction towards becoming a tech-driven industry.

During the era of Industry 4.0, production systems structured as cyber-physical sys-
tems have the capacity to make informed decisions by engaging in real-time communication
and collaboration between the “production of things” [2]. The pivotal attributes of Industry
4.0—connection, automation, digitalization, and decentralization—redefine traditional
production setups into self-enhancing and self-adjusting systems, transitioning them into
more adaptable and optimized forms [3,4]. Considerable attention has been drawn to the
industry’s accomplishments amid the fourth industrial revolution, prompting a global
restructuring in production, resource utilization, human endeavors, and international
interactions [5]. A smart construction site amalgamates diverse technologies, like BIM,
drones, the Internet of Things (IoT), blockchain, and autonomous machinery, capable of
functioning autonomously and responding to their surroundings [6]. The rise of digitiza-
tion and the accessibility of industrial process data have led to a surge in job roles centered
on digital transformation. These positions significantly influence the industry’s future
digitalization at the strategic “decision-making level” [7]. The industry’s future lies in
leveraging new technologies and methods by replicating processes, benefiting the entire
construction lifecycle from site preparation and design to investment, construction, and on-
going building maintenance [8]. Embracing Industry 4.0 presents a significant opportunity
to harmonize developmental objectives with the ongoing digital revolution in industrial
progress [9]. This evolution is expected to enhance economic, environmental, and societal
aspects by integrating modern technologies and processes [10].

Primarily, the utilization of IoT, digitalization, sensors, and big data [11] can ensure
precise execution across various project dimensions [12]. Focusing on the importance of
technology in the building design and construction phases, this section delves into the
assessment and exploration of three specific Industry 4.0 technologies and their applications
in construction. A digital platform is crucial, allowing all stakeholders to visualize designs,
project planning, costs, and more, virtually spanning from feasibility studies to project
completion before actual implementation. Seamless information integration, particularly
within a platform capable of simulating, designing, predicting, and optimizing processes
and systems in a digital environment, stands as a key approach to address construction
challenges [13]. The construction sector amalgamates a diverse array of products and
processes, stemming from various sources and distinct systems, all culminating in the
common objective of erecting structures. Digitizing the constructed entity offers a unified
platform enabling stakeholders to design, simulate, and optimize processes and solutions
for optimal outcomes [14]. The capability to extract and input information within the model
equips the design team with data to trace all of their decisions. Certain technologies possess
the precision required to generate a digital replica encompassing the physical appearance,
functionalities, features, processes, and systems [15]. BIM, Blockchain, and LiDAR are
among these technologies. In the following, selected articles are provided for the text
analysis of each of the mentioned technologies, and they are described respectively.

1.1. Building Information Modeling (BIM)

BIM is presented as a pivotal platform within the architecture, engineering, and
construction (AEC) industry, enhancing collaboration and real-time interaction through
added data layers during the design phase [16]. This innovation significantly improves
material prediction, management, and monitoring, revolutionizing the industry [17]. BIM
serves as the primary driver for bolstering collaboration, data exchange, and production
in the ongoing digital transformation of the construction sector. It empowers operators to
access comprehensive project data, including design, location, plans, and costs, by linking
BIM models with real-time project progress [18]. Essentially functioning as a comprehensive
“database with drawings”, BIM serves as an information repository for the complete
lifecycle of assets, from planning through maintenance and deconstruction [19]. Moreover,
BIM has become a mechanism enabling all stakeholders to generate, share, exchange,
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and manage information across the project lifecycle [20,21], reshaping the construction
landscape from design to maintenance [22]. By optimizing existing technical infrastructure,
BIM empowers construction and design teams [23]. This methodology streamlines data
generation and management throughout the entire AEC project lifecycle by consolidating
interdisciplinary documents into a single repository [24].

Oyuga et al. define BIM application as the analysis and comparison of daily on-site
work activities with generated plans, validating predicted performance before or during
projects [25]. Additionally, Durdyev et al. emphasize the significance of BIM in small
construction projects, enabling rapid and precise decision-making for construction man-
agers based on crucial inputs, thereby impacting project success [26]. BIM’s integration
with various technologies, from imaging and geospatial tools to virtual and augmented
reality, underscores its adaptability [27,28]. Four-dimensional BIM models, as highlighted
by Hyarat et al., are imperative for monitoring and evaluating building processes [29].
Furthermore, BIM serves as the foundational step toward digital construction, integrating
with a range of construction operations, like facility elevations, prefabricated projects, and
project management activities [30]. The effective progress management of construction ac-
tivities, previously challenging, becomes a fundamental responsibility of BIM [31]. Notably,
Berges-Alvarez et al. emphasize the link, established by BIM, between sustainability-related
choices and their impact on the environment and economy [32]. Despite challenges, such as
uncertainty, failure, and misuse in BIM-based projects, Olanrewaju et al. propose employ-
ing a robust proof-of-concept to drive BIM into the conceptual design phase, facilitating
informed decisions at the earliest stages of building design, albeit with the process being
partially automated [33].

1.2. Blockchain Technology

Construction endeavors generate a vast array of data and information that necessitates
preservation, continual updates, and consolidation. Enhanced management and analysis
of construction data lead to expedited decision-making, thereby bolstering project quality
and augmenting project profitability. Blockchain technology, heralded as a forthcoming
database innovation, operates on an open, digital, and peer-to-peer premise, ensuring
each node’s responsibility for maintaining the ledger’s integrity and authenticity. This
quality makes Blockchain technology exceptional for auditing and accounting activities [34].
Moreover, Blockchain technology has demonstrated substantial potential in various sectors,
such as the Internet of Things, transportation, and supply chain management [35]. As part
of distributed ledger technologies (DLTs), Blockchain technology is introduced to tackle
challenges associated with data transparency, immutability, trust, security, and privacy [36].
It obviates the need for trusted intermediaries in the conventional banking industry and
oversees a shared, distributed ledger [37] facilitating peer-to-peer cryptographic currency
transactions. The integration of Blockchain in construction projects significantly contributes
to the sector’s decentralization and digitalization. Utilizing a distributed public ledger
with a shared and synchronized database, Blockchain records transactions while ensuring
robust data provenance for BIM-supported projects [38].

As a disruptive innovation, blockchain technology has surpassed the transmission
control protocol/Internet protocol and the Internet. Also known as DLT due to its uti-
lization of distributed digital ledgers [39]. Blockchain technology originated in 2008
when an unidentified individual or group, Satoshi Nakamoto, launched Bitcoin, the
world’s first decentralized digital currency [40]. Since the start of 2022, approximately
16,911,700 blockchains have been mined, processing an average of 154,167 transactions
per day, with an estimated market capitalization of US$326.525 billion [41]. Blockchain
provides the possibility of exchanging data directly between different parties participating
in a network without the need for intermediaries or third parties. It allows all network
participants to jointly store and verify transaction information [42]. The Building-Lifecycle-
Management-focused BIMCHAIN application combines the BIM idea with blockchain en-
ablers, like decentralization and open collaboration, to boost BIM capabilities [43]. Through
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the usage of authorized parties listed in a ledger, blockchain contributes to the creation of
trust inside an organization [44,45].

For the more efficient oversight and maintenance of contract agreements, a distributed
ledger system is utilized, wherein each data block is intricately linked and replicated across
multiple computers [46]. Users have the ability to select data to reside within a block
within Blockchain, ensuring identical copies of these data are dispersed throughout the
ledger [47]. Blockchain incorporates robust mechanisms for managing verified users, ensur-
ing both accountability and scalability, fostering efficiency. While still in its nascent phase
of implementation, Blockchain exhibits potential in handling design-related data across
various disciplines, ensuring seamless data integration and connectivity among project
stakeholders [48]. With the rising importance of construction, driven by advancements,
like mobile applications and sensors, Blockchain technologies offer avenues for enhancing
stakeholders’, suppliers’, and the value chain’s interactions through novel authorization
and accessibility methods [19]. The advent of smart contracts [49] has expanded the appli-
cation of blockchain technologies beyond financial realms, finding utility in supply chain
management, data storage across edge devices, and industrial control systems, among
other diverse use cases [50].

1.3. Light Detection and Ranging (LiDAR)

LiDAR is a technology used for remote sensing, employing laser pulses to measure
distances [51]. By recording the time it takes for the laser pulse to travel to and from
a target, LiDAR calculates distance [52]. This information is utilized to generate a point
cloud, a dataset featuring points in x, y, and z coordinates, along with supplementary
details, like the phase and intensity [53]. Various types of LiDAR sensors exist, including
portable triangulation laser scanners, Terrestrial Laser Scanners (TLSs), which are stationary
and scan from a fixed position [54], Mobile Mapping Systems (MMSs) for scanning on the
move (often mounted on vehicles or drones), Backpack-mounted Laser Scanners (BMLSs),
Aerial Laser Scanners (ALSs), and UAV-based laser scanners. LiDAR finds applications
in creating digital elevation models, surface modeling, facade analysis, and 4-D analysis
for monitoring changes over time [55]. Additionally, it aids in offset analysis in design,
reality capture, and as-built record-keeping. Combining LiDAR data with other datasets,
such as subsurface data from geophysical methods, allows for comprehensive models for
analysis across various industries and fields. Overall, LiDAR delivers high-quality, high-
density data that seamlessly integrate into software for further analysis and visualization,
proving invaluable across numerous applications [56]. The fusion of BIM and LiDAR
opens new avenues for real-time construction fault identification and quality control
beyond conventional data acquisition and analysis windows. LiDAR technology proves
promising for surveying construction sites and has diverse applications, like as-built 3D
building modeling and urban planning [22]. Oh et al. developed a technique for 3D
as-built development using LiDAR. The authors’ conceptual framework employed LiDAR
for project interiors and an Unmanned Aerial Vehicle (UAV) for project exteriors [57].
Wang et al. provided a methodology for QC in construction tasks using BIM and LiDAR.
A LiDAR-equipped quadrotor will fly on a specified path on the working site to collect the
actual building or building components depending on their structure. A BIM-based system
will follow the same flight path. A systematic QC approach for 3D created objects may
be provided by comparing the geography attribute of the LiDAR-based and BIM-based
components [58]. In general, LiDAR brings up a new field for augmented reality (AR) in
terms of object tracking. Image Processing (IP) was formerly the primary tracking method
for AR and spatial processing because it was the only viable option. However, IP is prone to
calculation errors, is computationally costly, and adds an unnecessary degree of abstraction
to the creation of geographical data. LiDAR is becoming increasingly essential in AR since
to its rising price and inclusion on handheld devices [59].

This research evaluates previous studies on Industry 4.0 technologies—BIM, Blockchain,
and LiDAR—aiming to comprehensively review their applications across various phases
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of the construction lifecycle. The study identifies gaps in integrating these technologies,
emphasizing the potential for automating the entire construction process. It provides
a comprehensive literature review to assist researchers in understanding this field and
addresses key questions:

What is the current status of selected technologies research in the AECO industry?
What role does the integration of BIM, Blockchain, and LiDAR play in realizing the

goals of industry 4.0, such as smart construction?
What are the future research directions of the mentioned technologies in the construc-

tion industry?
The paper’s structure includes sections on article reviews, screening strategies, and

categorization based on publication specifics. It discusses the applications of singular and
combined technologies across the lifecycle, examines research subjects based on publication
relevance, outlines future study areas, and concludes with a summary of findings.

2. Materials and Methods

The current study employs bibliometric and network analysis to explore the uses of
BIM, Blockchain, and LiDAR throughout the construction lifecycle. Utilizing a scientific
framework and data-driven approach, the collected articles were examined, focusing on the
phrases “BIM”, “Blockchain”, and “LiDAR” within paper titles, abstracts, and keywords.
This analysis was conducted on April 9, using scientific databases, including Web of Science,
Science Direct, and Scopus, and the time range was set from 2014 to 2023. Table 1 shows the
number of articles based on their paper type (Research, Review, Conference) and the three
different databases. Considering that 2023 has not yet ended, the scope of the considered
articles is up to May 2023. Certainly, the number of published articles until the end of 2023
is more than the collected values.

Table 1. Number of general literature search articles classified based on the paper type.

Web of Science ScienceDirect Scopus

Research 5721 3873 4015

Review 2956 1611 834

Conference 472 548 206

Total 9149 6032 5055

The research delves into Industry 4.0 and advanced technologies within construction,
aiming to facilitate integrated design and construction processes for enhanced monitoring,
reduced design errors and environmental impacts, and minimized rework. Therefore, three
technologies (BIM, LiDAR, and blockchain) were selected in order to achieve these goals.
Consequently, there is a need for research to ensure that the proposed technologies, in
addition to being new and up to date in the world, are currently used and exploited in most
countries and are available for implementation in the construction stages of the project.

The articles have been refined in four stages. In the first stage, more than 1134 studies
have been identified. Web of Science, Science Direct, and Scopus were chosen as primary
sources due to their comprehensive coverage of scientific publications and swift indexing
capabilities. These databases are the most common for conducting literature searches. After
identifying the valid articles, several criteria were developed to improve the quality of the
article review. First, articles in the English language were selected. Then, by removing
duplicates and limiting studies only to prestigious academic journals and conference
articles, this list was reduced to 734 articles. In the second stage, the articles were screened
based on their title and abstract and the research questions. Only the articles that focused
on technology in the construction industry were included in the final list. After this process,
561 articles remained. In the third step, articles with unrelated texts along with papers
that do not have any access to the entire article were removed. Ultimately, 324 articles
underwent data analysis due to their commitment to transparency, comprehensiveness,
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and an exploratory approach, allowing for the more objective scrutiny of search outcomes
and the eradication of bias and errors. Figure 1 illustrates the steps of the methodology of
this paper.
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Figure 1. Research methodology.

This study employed a systematic review process alongside manual filtering, mitigat-
ing bias in the literature review results, enabling the transparent and replicable identifi-
cation, evaluation, and synthesis of all pertinent studies. This method is also conducive
to gaining a deeper understanding of quantitative and qualitative aspects. The selected
articles underwent descriptive statistical analysis encompassing annual publication trends,
citations, and journal and country distribution. Finally, content analysis summarized the
primary research topics and stimulated in-depth discussions.

According to Figure 2, in Step 1, the papers with keywords including, “BIM” or
“Blockchain” or “LiDAR” and” Construction Projects” were selected to be analyzed in
the next step. In step 2, papers that analyzed the mentioned technologies in a project
lifecycle were selected, and the targeted keywords were “Project Phase” or “Project Stage”
or” Project lifecycle” or “Project Life Span” or any other expressions related to project
lifecycle analysis. Finally, in the last step, papers incorporating combinations of key-
words including, “BIM + LiDAR” or “Blockchain + BIM” or “LiDAR + Blockchain” or
“BIM + LiDAR + Blockchain” were selected.
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For an in-depth and scientific assessment of the roles of these technologies in various
stages of the AECO industry, it was imperative to meticulously evaluate and segregate
article specifications. These selected articles were evaluated based on diverse criteria, such
as the title, article type, year, keywords, objectives, lifecycle, journal, citation, country,
findings, and authors. This data helped categorize articles based on technology utiliza-
tion in recent years across different global regions and project lifecycles. Table 2 offers
an illustrative sample of how data from prior research were categorized.
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Categorizing the applications of each technology based on the project lifecycle in order to recommend smart construction.

The aim of this review is to evaluate technological tools related to digital twins,
including BIM, BCT, and LiDAR, as an in-progress achievements of Industry 4.0. Thus,
324 published articles from 2014 to 2023 were selected, which are classified into three groups
of research, review, and conference papers. Results from Table 3 showed that research
papers have the highest percentage, and the conference papers have the lowest percentage
from the latest published articles.

Figure 3 illustrates the publication trajectory of articles within the AECO industry’s
technological domain. Spanning from 2014 to 2023, publications are categorized by types—
research, review, and conference. The publication count has steadily risen since 2014, hitting
its highest point by 2022. Anticipations suggest that the number of articles by the end
of 2023 might surpass recent years. Initially, the interest in this field was not substantial,
but there has been a consistent uptick in publications related to construction industry
technology since 2014, culminating in a peak in 2022. The number of articles produced this
year is probably going to be higher than in past years because of the dynamic development
in interest in this subject, which highlights its significance and current relevance. The
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graph created using historical statistical data reveals that the AECO industry’s specialists
and researchers are now aware of the latest technologies, including BIM, Blockchain,
and LiDAR.

Table 3. Classification of the published articles.

Type of Article Number Percentage

Research 189 58.33%

Review 93 28.70%

Conference 42 12.96%

Total 324 100%
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Figure 3. Distribution of articles categorized by their publication years.

The methodology employed VOSviewer 1.6.20 software in line with a systematic liter-
ature review and focused on the aforementioned technologies. VOSviewer, a software facil-
itating bibliometric network creation and visualization, was utilized by the researchers [61].
Subsequently, 324 published articles served as inputs for VOSviewer, utilizing its text-
mining functionality to construct and display co-occurrence networks based on significant
terms from the scientific literature [62].

Keywords are pivotal in encapsulating core concepts within research fields. Employing
author keywords in VOSviewer entailed setting a minimum occurrence threshold of two for
mapping co-occurrence networks. Following this, keywords sharing similar meanings
were amalgamated. Figure 4 showcases the final visualization, delineating main keywords
by the node size, interconnections by arcs, and link strength by the line thickness.

The analysis via VOSviewer underscores the significance of BIM, Blockchain, and
LiDAR in integration with Industry 4.0 technologies, showcasing a focal point within
AEC industries. These technologies interrelate closely with other advancements, like deep
learning and the Internet of Things (IoT). Additionally, the color variations in the nodes
within the VOS map indicate the timeline of technology integration into Industry 4.0, with
lighter colors signifying newer concepts within Construction 4.0.

Moreover, the literature review considered various factors, such as the keywords, year,
and notably, the number of citations. Table 4 outlines the top five most cited articles individ-
ually addressing BIM, Blockchain, and LiDAR. For example, Volk et al. [63] discussed BIM
challenges in construction projects focusing on maintenance and deconstruction lifecycle
stages. Li et al. [64] explored distributed ledger technologies’ potential in the construction
sector. Chen et al. [65] surveyed Digital Terrain Model generation methods, emphasizing
multi-source fusion for enhanced performance.
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Another classification reviewed papers utilizing two or three of the selected tech-
nologies. Wang et al. [22] proposed an integrated BIM and LiDAR system for real-time
onsite quality information. Xue and Lu [66] introduced an approach to minimize in-
formation redundancy in BIM and blockchain integration. Nawari and Ravindran [67]
surveyed Blockchain applications in AEC industries and their potential incorporation
within the BIM process for post-disaster rebuilding. Table 4 provides the classification of
the top-ten most-cited articles examining these technologies in conjunction.

Table 4. Top-ten most-cited articles related to integrations of BIM, Blockchain, and LiDAR in the field
of construction.

No. Ref. Year No. of Citation BIM BCT LiDAR Journal

1 [68] 2020 174 ✓ ✓ Automation in Construction

2 [22] 2015 169 ✓ ✓
Journal of Intelligent & Robotic

Systems
3 [69] 2020 138 ✓ ✓ Computers and Electrical Engineering
4 [66] 2020 131 ✓ ✓ Automation in Construction
5 [67] 2019 125 ✓ ✓ Buildings
6 [70] 2019 88 ✓ ✓ Electronics
7 [71] 2021 51 ✓ ✓ Applied sciences
8 [72] 2018 46 ✓ ✓ Proceedings
9 [73] 2020 30 ✓ ✓ Remote Sensing
10 [74] 2022 24 ✓ ✓ Automation in Construction
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In the following sections, the selected papers are classified into two categories of
singular and multiple. Papers that are in the singular category are the ones that assess only
one of the technologies of BIM, Blockchain, and LiDAR in their research. The multiple
category includes the papers that examine two or three of the mentioned technologies in
integration with each other. Then, the applications of the selected technologies related to
the specific lifecycle phase is presented. After that, the journal and country of the chosen
papers are discussed. Finally, in conclusion the application of these three technologies in
combination with each other based on the desired lifecycle phase in suggested. The concept
of current study is shown in Figure 5.
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3. Results

The necessity for industries to keep pace with advancing technologies has never been
more crucial. This study delved deeply into the evolving industry 4.0 technologies using
bibliometric and content analyses. Since 2018, there has been a notable surge in published
papers, primarily centered on conceptual frameworks. While research on BIM, Blockchain,
and LiDAR indicates their significant impact on the design process and precise 3D simu-
lation in construction projects, only recently have studies emerged focusing on proofs of
concept and testing in simulated environments. Additionally, they strengthen the real-time
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monitoring, automated payment and improve the construction process and information
management. In the following, the selected papers are divided into two groups of singu-
lar technology and multiple technologies due to their implementation of technologies in
their research. Figure 6 shows the classification of the articles based on the integration of
technologies in the research.
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Figure 6. Classification of selected articles into two categories of singular technology and
multiple technologies.

For multiple technologies, four types were defined. Type 1 referred to papers that
investigated their research on BIM and LiDAR, Type 2 is for articles that analyze BIM
and Blockchain Technology (BCT) in combination with each other, Type 3 is related to
the studies that implemented LiDAR and BCT as two technologies of industry 4.0 in the
construction sector, and Type 4 represents the papers that applied BIM, BCT, and LiDAR
in integration.

As it is shown in Figure 7. The publication of multiple papers has increased from
2014, from which, it can be assumed that the construction industry is moving forward
to smart and automated processes and attempting to integrate the construction activities
and phases.
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Figure 7. Comparison between the year of publication of singular and multiple papers.

3.1. Singlular Technology-Based Articles

Papers that investigated singular technology from BIM, BCT, and LiDAR are reviewed
in this part. First, their classification based on the technology, which is implemented in
the article, is presented. Then, the application of the specific technology based on the
construction lifecycle is explored.

3.1.1. Classification Based on Technologies

Articles with singular technology from BIM, BCT, and LiDAR are shown in Figure 8,
based on their year of publication. This chart shows each of the technologies separately
in the years of 2014–2023. According to the obtained results, BIM and LiDAR have been
used in the construction industry since 2014. For instance, Chen and Luo [75] explored the
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benefits of 4D BIM in quality application based on construction codes by creating a model.
Sepasgozar et al. [76] developed an efficient framework for as-built modeling in terms
of time, cost, and performance by collecting LiDAR point clouds and constructed solid
3-dimensional models of a building. While blockchain was implemented in the construction
industry since 2017, before that, it was used in other industries, such as digital currency
or Bitcoin. And with the passage of time, the use of blockchain in automated payment
platforms [77], electronic document management, and supply chain management [78] has
been increased.
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Figure 8. Singular-type papers classification from 2014–2023.

In this part, 149 papers that investigated just one of the mentioned technologies
were reviewed, and the most significant applications for each technology were identi-
fied. Figures 9–11 represents the top five applications for each technology based on the
construction lifecycle of a project.
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BIM has the greatest number of articles with the application of spatial visualization
and cost and schedule integration in the design phase. For example, Raza et al. [79]
demonstrated how BIM enhances project information accessibility, fostering collaboration
and communication among stakeholders.

In the initial phase of project planning, the use of Blockchain in managing contracts
stands out prominently within the construction sector. San et al. [78] emphasized that
employing a well-coordinated Smart Contract system could enable a greater number of
construction projects to progress based on labor, breaking down construction tasks into
smaller, more specific work segments. This application of blockchain integrates automated
legal processes into construction agreements through the implementation of algorithms
and rules within a smart contract platform.

According to Wang and Kim [80], the monitoring of construction advancement could
potentially achieve more effective and automated tracking through the utilization of point
cloud data. This involves employing such data to monitor the progress of construction tasks.
Typically gathered across different periods, point cloud data from construction activities
are cross-referenced with a 4D BIM representation that encompasses the scheduled timeline
of the construction activity. By juxtaposing the point cloud data with the 4D BIM model,
any deviations between the actual and planned schedules can be identified, pinpointing
tasks that are lagging behind.

3.1.2. Classification Based on Lifecycle

In this section, an extensive examination of the literature has led to the identification
and subsequent listing of applications related to BIM, BCT, and LiDAR throughout various
stages of the construction lifecycle. According to the results of the previous sources, the
lifecycle was divided into four parts in this article, including the Planning phase (when the
client, consultants, and, if applicable, the contractor have early conversations about what
will be built, whether it will be approved by local authorities, and considerations, such as
the scope and quality assumptions.), Design phase, which commences upon approval of
the project budget, encompassing design-related documents, professional hours for the
project manager, designer, potential contractors, and design contingency, the Construction
phase (the actual process of constructing, as well as other associated operations, such
as landscaping, renovating, site clearance, and demolition), and the Operation phase
(the period of time that a building is used for its intended function. It begins once the
construction is finished and occupied and continues until it is no longer in use or is adapted
for a different use.). Based on the classification of the articles, each of these technologies
(BIM, Blockchain, LiDAR) was used in one of these phases.

As per the cited sources, BIM involves site analysis, an evaluation of design al-
ternatives, three-dimensional visualization, and design coordination during the design
phase [81–83]. Blockchain includes payments and transactions [77], the development of au-
tomated payment systems [84], construction information sharing [85], and document
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management [86]. And LiDAR has applications of construction progress tracking, construc-
tion safety management [80], data acquisition [87], and real-time locating systems [88] in
the construction phase. Based on these, Tables 5–7 were collected, according to which the
reviewed articles are separated by the phase and the applications of each technology in
that phase.

Table 5. BIM applications in the construction industry based on the lifecycle.

Lifecycle BIM Applications Ref.

Pl
an

ni
ng

Accessing and sharing real-time data [89,90]
Coordinating partners and working groups engaged [81,89]
Sustainability evaluation [91,92]
Utility and infrastructure administration [89,91]
Cost and schedule integration [79,93]

D
es

ig
n

Analyzing design options [81,82,94]
Design coordination [81,82,94,95]
Energy simulation [81,82,96–98]
Detecting potential clashes [89,99]
Increased levels of detail [89,100]

C
on

st
ru

ct
io

n Recording and managing project progress [75,89]
Constructability [101–103]
Project supply chain [104–106]
Safety communication [79,107–109]
Lower waste and omissions [75,79,98,110,111]

O
pe

ra
ti

on

O&M prospective planning [100,106]
Automatic creation of detailed as-built BIM models [90,112]
Enhancement of indoor environmental quality (IEQ) and energy efficiency [90,113]
Measures for building fire prevention and disaster relief [90,114]
Control of electric appliances wirelessly [90,115]

Table 6. Utilization of Blockchain technology in the construction sector throughout its lifecycle.

Lifecycle Blockchain Applications Ref.

Pl
an

ni
ng

Administration of tender process [116]
Contract Management [78,117–121]
Funding Management [78]
Stakeholder management [64,117,122,123]
Collaborative planning process [84]

D
es

ig
n

Supply chain management and circular economy [78,124–127]
Documentation [84]
Information management [117,128–130]
Creating and coding smart contract [131,132]
Optimization of the design process [133]

C
on

st
ru

ct
io

n Payments and transactions [77]
Development of automated payment systems [84,124]
Monitoring and managing BIM-Blockchain updates and tasks [77]
Construction information sharing [85,133,134]
Financial management [133,135]

O
pe

ra
ti

on

Coordination of facility management services [136,137]
Authenticating and transforming digital assets through reality capture [138,139]
Smart Asset Management (SAM) integrated into BIM [138,140]
Asset data protection [84,133,136]
Tracking operation and maintenance costs [133,138]
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Table 7. LiDAR applications in the construction industry based on the lifecycle.

Lifecycle LiDAR Applications Ref.

Pl
an

ni
ng Site topography survey [141]

Environmental change Assessment [141]
Images and accurate geometry information [74]

D
es

ig
n 3D model reconstruction using AR [80]

Decision-making [80]

C
on

st
ru

ct
io

n Monitoring the progress of construction work [142]
Managing safety protocols during construction [80]
Data gathering [87,88]
Utilization of real-time locating systems in the construction industry [87,88]
Geometry quality inspection [87]

O
pe

ra
ti

on

Building performance analysis [80]
Indoor localization systems [87,143]
Asset location tracking framework [87]
Applications of digital twins for construction safety [87,144]
Robot navigation [80]

3.2. Multiple Technology-Based Articles

As discussed in the singular section, various articles analyzed only one of the selected
technologies, while a series of articles has examined technologies in integration with each
other. This article defines four types of integrations for multiple technology-based articles.

• Type 1: BIM- LiDAR,
• Type 2: BIM- Blockchain,
• Type 3: Blockchain-LiDAR,
• Type 4: BIM-Blockchain-LiDAR.

In today’s world, the digital construction can be a collection of data, sensors, and
documentation, for which in this paper, BIM is assigned to collect the data, LiDAR is
defined as a sensor for monitoring, and Blockchain is used for an automated payment
system and a trusted database for documentation. Figure 12 illustrates the above concept of
digital construction and the integration of the selected technologies in four different types.

The integration of these technologies has led to the creation of benefits in different
phases and is used in different construction areas, such as MEP, energy consumption,
and quality control. For example, in 2021, Wang et al. [74] formulated an algorithm for
extracting components with instance awareness from LiDAR point clouds, considering the
rough distribution of objects in three-dimensional space. Following this extraction process,
the BIM model was reconstructed using the obtained component extraction results. Various
numbers of useful multiple articles based on their citations that were published in the years
2014 to 2023 have been reviewed.

According to the studies in the table above and other articles, the integration of
technologies with each other improves a series of benefits [145–148] and creates features
that singular technology does not have. Table 8 presents part of the multiple technologies-
based papers that were reviewed in this study. The mentioned papers are analyzed based
on the year of publication, area, and lifecycle (P: Planning, D: Design, C: Construction,
O: Operation).
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Table 8. List of multiple technologies-based articles.

Type Ref. Year Methodology Area
Lifecycle

P D C O

Ty
pe

1
(B

IM
an

d
Li

D
A

R
)

[74] 2022 Semantic rich 3D map MEP system ✓

[145] 2019 3D Modeling Hallway with a continuous
glass wall ✓

[149] 2021 Case Study Ancient building ✓
[150] 2019 Semi-automated BEPS input Energy consumption ✓
[151] 2020 Simulation Full scan of the environment ✓
[152] 2018 Classical surveying techniques Historical building ✓

[73] 2020 Automated geometric
quality inspection

Two prefabricated bathroom
units (PBUs) ✓

[22] 2015 Simulation Quality control ✓
[153] 2017 2-level optimization module Implementing a PV system ✓
[154] 2023 Auto-scan-to-BIM As-built plan ✓

[155] 2022 Modeling Construction
progress monitoring ✓

[156] 2023 5D progress tracking Control ✓

Ty
pe

2
(B

IM
an

d
BC

T)

[157] 2019 Integrative Framework Post-Disaster Recovery ✓

[70] 2019 SustaRIinable Building Design
Information Management Framework Sustainable Building ✓

[158] 2017 Review Procurement ✓

[146] 2021 DCDE framework for
BIM-based design Managing design changes ✓ ✓

[159] 2019 Blockchain collaboration mechanism Built environment ✓
[71] 2021 Digital contract management workflow Automated payment ✓

[160] 2020 Analyzing the potential applications
of ERP

Recyclable
construction materials ✓

[161] 2018 Literature review Information management ✓
[162] 2022 Survey Payment ✓

[163] 2023 Design Science Research (DSR)
activities Supply chain ✓

Ty
pe

3
(L

iD
A

R
an

d
BC

T)

[147] 2020 Literature review Smart city’s
real-time monitoring ✓

[164] 2021 Deep Neural Network (DNN)-based
prediction algorithm Vehicle Positioning ✓

[165] 2021
Hazard and Operability (HAZOP) and

Threat and Operability
(THROP) techniques

Risk management ✓

[166] 2021 AI algorithms at the edge servers Smart cities ✓
[167] 2023 Actual edge computer Smart monitoring ✓
[168] 2023 Multiple-sensor fusion Smart Warehousing ✓

Ty
pe

4
(B

IM
an

d
BC

T
an

d
Li

D
A

R
) [148] 2023 BIM-model Prefabrication ✓

[169] 2023 Comparing smart technologies in
MiC development Sustainability ✓

[60] 2023 Case Study Component detailing ✓

[170] 2022 Concept-centric trends synthesis Spatial planning and
land management ✓

As demonstrated by the findings mentioned earlier, 54% of the reviewed papers
examined a combination of two or three technologies among BIM, BCT, and LiDAR, falling
under the category of studies focusing on multiple technology applications.

One of the examples illustrating the successful integration of BIM, BCT, and LiDAR
is in prior research by Loo and Wong (2023); they outlined a four-stage approach for
integrating BIM, Blockchain, and LiDAR in construction. The first stage involves applying
BIM, RFID, and Blockchain to support Modular Integrated Construction (MiC) production.
In the second stage, the digital platform expands to serve third parties, like the government,
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focusing on monitoring, authentication, visualization, and real-time updates for MiC
projects. The third stage prioritizes the safety and well-being of workers and drivers with
IoT devices, sensors, robotics, CCTV, dashboards, and cloud-based monitoring. Finally, the
fourth stage centers on the entire construction lifecycle, establishing a centralized smart
command center with diverse data sources, including LiDAR, robotics data, and open data,
aiming to involve all stakeholders, like architects for smart construction. Additionally, it
integrates with other relevant open data sources [170].
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Figure 12. Classification of different types of multiple technology-based articles as Type 1 ([22,73,74,
145,149–156]), Type 2 ([84,85,112,113,115,128,135]), Type 3 ([86–88,116,117]) and Type 4 ([60,118,119]).

Considering this paper’s aim to explore the applications of these technologies through-
out the construction lifecycle, this section delves into investigating the integration of these
selected technologies, visually represented in Figure 13.

The multiple type of articles includes four types of BIM and LiDAR, BIM and BCT,
BCT and LiDAR, and BIM and BCT and LiDAR. According to the previous section, each
of the technologies had a series of applications in each phase, so based on the references,
integrating these technologies together with their characteristics can lead to the improve-
ment of the previous features and how the integration of technologies can support in what
exact direction.

In this chart, singular articles that include BIM, Blockchain, and LiDAR and multiple
articles that include BIM and LiDAR, BIM and BCT, BCT and LiDAR, and BIM and BCT
and LiDAR are shown according to their year of publication. Based on these statistics, the
number of single articles that examine each technology separately decreases in the recent
years from 2014, and the number of articles that analyzed multiple technologies increases
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so far in 2023. BIM and LiDAR as type 1, have the highest number of publications and
after that, it is type 2 of BIM and Blockchain. As a result, today, with the emergence of
technologies, such as digital twin, it is possible to integrate technologies, and the current
articles and research in the academic and industrial dimension are more towards the
integration of technologies for better efficiency. Figure 14 compares the number of singular
and multiple technologies papers in details in the years of 2014–2023.
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3.3. Journals

Readers can access the most relevant information and identify suitable journals for
future reference by conducting a statistical assessment of various publications. Among the
324 selected papers, 282 were sourced from journals, while the remaining papers originated
from conferences. Illustrated in Figure 15, 197 papers were sourced from 12 journals, each
of which published a minimum of two articles. Additionally, 85 papers, not depicted
in Figure 15, were individually published across various journals. Notably, Automation
in Construction emerged as the leading journal in this domain, contributing a total of
36 papers, highlighting its prominence in the field.
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Figure 15. Analysis of published papers in journals and their quantity.

3.4. Countries

In this section, countries that have published articles in this field are discussed. In
Figure 16 and according to the geographical distribution of the author’s institutions,
34 participating countries were identified, which are displayed in blue color according
to the image. The intensity of the color in each region corresponds to the quantity of
articles published by a country. The figure below ranks countries based on their publication
volume in this particular field, showcasing the top 10 nations with the highest number
of publications.
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In Figure 16, the countries are shown based on the name and number of articles pub-
lished in that location. According to the research conducted in each country, China [75,171],
America [46,140], and Australia [84] had the most articles, respectively. Despite the novelty
of the topics in the field of technology, countries, such as Iran, India, Morocco, etc., have
published studies in this field. It is worth mentioning that although there is more research
on this matter in leading countries, countries like Slovenia, although it has published only
two articles, the number of citations is high. The distribution of studies across continents
and nations highlights the global significance of the discussed subject, indicating its rel-
evance even in developing and less affluent countries, which are also inclined towards
adopting novel design and construction systems. The primary objectives driving the de-
velopment of new technologies include cost reduction in construction, mitigation of the
environmental impact, energy conservation, and timely project completion. Consequently,
this approach is likely to be embraced by project stakeholders in financially unstable coun-
tries. To effectively reduce project costs, it is vital to offer suitable solutions that diminish
the construction duration, drawing upon project planning and control expertise. A holistic
understanding of the building production process, considering additional requirements, is
pivotal in attaining desired outcomes. According to the statistics of multiple and singular, in
a series of countries, such as China, over time, the number of singular articles has decreased,
while the number of multiple articles has increased. This process continues in America
and Australia. However, in countries, such as Italy and Germany, the potential of each of
these technologies is still being investigated separately. According to the results shown in
Figure 16, China has the highest number of published articles with the total of 54 articles,
followed by America, Australia, and United Kingdom.

4. Discussion

The study confines its examination of BIM, Blockchain, and LiDAR literature solely to
academic papers sourced from the Web of Science, Science Direct, and Scopus databases.
The integration of these technologies into the construction process brings about various
challenges and limitations, including the following:

• Resistance to change: The construction industry traditionally holds a conservative
stance toward change, posing substantial resistance to adopting new methods, neces-
sitating significant alterations in construction practices.

• Lack of standards: Establishing universally accepted standards within the construction
sector is pivotal for the transformation induced by these technologies. Despite notable
progress, substantial efforts are still required to implement standardized data and
processing protocols.

• Unclear value proposition: Embracing innovation demands a clear value proposition
for all involved stakeholders. The intricate nature of this sector’s value chain and its
transactional dynamics make it challenging to document benefits and financial gains,
leading construction firms to hesitate when investing in these technologies.

• Demand for advanced skills: The industry currently grapples with a shortage of skilled
labor. Without substantial improvements in education and training, there is a deficit
in a proficient workforce capable of handling various aspects, potentially requiring
new roles, functions, and team structures. This scarcity poses a significant challenge
to successful implementation.

• To address these limitations this paper suggests some solutions. For instance, Over-
coming the inherent resistance to change within the construction industry requires
a multi-faceted approach. Firstly, targeted education and training programs can be
implemented to familiarize stakeholders with the benefits and functionalities of these
technologies. Offering courses and workshops focused on BIM, Blockchain, and
LiDAR can equip professionals with the necessary skills to embrace innovation.

• The establishment of universally accepted standards is essential for the seamless
integration of these technologies. Collaboration with regulatory bodies and industry
organizations can facilitate the development and implementation of standardized data
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and processing protocols. Additionally, initiatives aimed at promoting interoperability
and data exchange between different platforms can help bridge existing gaps.

• Providing a clear value proposition is crucial to incentivize construction firms to invest
in these technologies. Start-ups specializing in construction technology can play a vital
role in demonstrating the tangible benefits and financial gains associated with their
implementation. By showcasing successful case studies and quantifiable outcomes,
these start-ups can alleviate concerns and build confidence among stakeholders.

• Addressing the shortage of skilled labor requires concerted efforts in education and
training. Integrating IT-related courses and programming languages into construction
curricula can empower the workforce to adapt to evolving technological require-
ments. Additionally, regulatory bodies can collaborate with educational institutions
to develop certification programs that validate proficiency in BIM, Blockchain, and
LiDAR technologies.

• While the integration of BIM, Blockchain, and LiDAR technologies presents promising
opportunities for the construction industry, addressing the aforementioned limita-
tions is paramount for successful implementation. By investing in education, foster-
ing collaboration with regulatory bodies, and leveraging the expertise of start-ups,
construction firms can navigate challenges and unlock the full potential of these
transformative technologies.

The potential opportunities and advantages arising from the integration of BIM,
Blockchain, and LiDAR within the construction industry encompass several key aspects:

• Improved sustainability: This integration facilitates the industry’s adoption of
a comprehensive lifecycle approach, promoting resource efficiency with notable re-
ductions in energy consumption and emissions.

• Elevating industry perception: The convergence of digital and physical technologies
has the potential to transform the perception of the industry by reshaping work,
the workforce, and workspaces, making it more appealing to attract and retain
skilled professionals.

• Cost efficiency: Leveraging digital technologies in industrial construction can curb
inefficiencies and waste. Real-time access to abundant data at the physical level en-
hances decision-making and stimulates financial collaboration and innovation among
project teams.

• Time optimization: Modern construction methodologies, like prefabrication, addi-
tive manufacturing, and on-site assembly, contribute to expediting construction pro-
cesses. Simultaneous access to field data helps to preempt possible delays, resulting in
time savings.

• Enhanced collaboration and communication: Utilizing cloud-based project manage-
ment tools, Blockchain, centralized information repositories, and real-time data access
engenders increased trust among project team members, fostering improved commu-
nication and coordination.

5. Conclusions

Industry 4.0 has expedited the construction sector’s shift towards digitalization, en-
compassing all facets of the industry. This transformation yields various advantages in
design and construction, such as time efficiency, enhanced safety measures, improved
quality, sustainability, better collaboration, communication, and heightened predictability
regarding time and cost. Given that the construction industry contributes 9% to the global
gross product, its substantial impact on a country’s economic advancement is evident.
Leveraging automation and integration presents opportunities to bolster productivity and
quality in design and construction. This study undertakes a comprehensive literature
review focusing on BIM, Blockchain, and LiDAR within the construction lifecycle. It
represents the first systematic approach to scrutinize the integration of BIM, Blockchain,
and LiDAR, examining their applications across lifecycle phases through the analysis of
324 academic papers. The literature review reveals prevalent keywords, countries, promi-
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nent journals, and ongoing research areas within the BIM, Blockchain, and LiDAR domain.
The findings indicate a decline in standalone examinations of individual technologies since
2014, replaced by an upward trend in articles exploring multiple technologies up to 2023.
By categorizing and studying the applications of these integrated technologies, this research
aims to furnish scholars with a more comprehensive understanding and well-organized
knowledge framework concerning BIM, Blockchain, and LiDAR.

Considering the advancements in structural systems within Industry 4.0 and the
growing prevalence of methods like prefabrication aimed at cost-reduction and quicker
execution in construction, it is recommended to incorporate these technologies into innova-
tive structural systems. Furthermore, as Industry 4.0 emphasizes sustainability across its
three key pillars—environmental, social responsibility, and economic aspects—leveraging
technologies, like BIM, Blockchain, and LiDAR, throughout the construction lifecycle can
significantly enhance sustainability, particularly addressing environmental concerns. In-
dustry 4.0 encompasses cyber-physical technologies, including the aforementioned ones,
and also involves discussions about the circular economy. Future studies could explore
the impact of these technologies within the context of the circular economy. Additionally,
these three selected technologies could be further examined in conjunction with other
technologies, like IoT and digital innovations.

In considering the short-term and long-term perspectives, future research endeavors
could delve into the potential cost savings, efficiency gains, and environmental benefits
stemming from the adoption of these technologies. Additionally, examining the social im-
plications, such as changes in job roles, workforce dynamics, and community engagement,
would provide a more holistic understanding of the transformative effects on industry
practices. By incorporating a thorough analysis of the economic, environmental, and social
impacts, this paper can offer valuable insights for industry stakeholders, policymakers,
and researchers seeking to navigate the complexities of technology integration in the con-
struction sector. This holistic approach ensures that considerations extend beyond technical
feasibility to encompass broader societal implications, fostering informed decision-making
and sustainable development within the industry.

In line with the principles of Industry 4.0, which encompass the convergence of digital
technologies to revolutionize industrial processes, this paper acknowledges the need for the
continuous monitoring of emerging technologies. This includes the integration of not only
BIM, Blockchain, and LiDAR but also other Industry 4.0 technologies, such as the Internet
of Things (IoT), robotics, artificial intelligence (AI), and augmented reality/virtual reality
(AR/VR). By embracing the concept of Construction 4.0, which leverages these cutting-edge
technologies to drive efficiency, productivity, and sustainability in construction practices,
stakeholders can stay abreast of advancements and proactively adapt their strategies.
Highlighting emerging technologies within the context of Construction 4.0 not only enriches
the discourse surrounding technology integration but also provides valuable insights for
future research directions and industry adoption strategies.
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