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Abstract. Building Information Modelling (BIM) is implemented in several sectors of the Architecture,
Engineering, and Construction (AEC) industry. Faced with the challenges of urban management, smart cities
are a response to this situation. Research indicates that BIM is one of the technological approaches with
great potential for designing, constructing, and managing smart cities. Despite too few systematic reviews,
this paper aims to highlight the potential, opportunities, and challenges of integrating BIM into the smart
city environment through a literature review. Based on this review, a classification of issues, trends, and
challenges has been made. The paper reveals current research gaps and possible future work in smart city
management through information technology, specifically BIM. The focus of this paper contributes to the
understanding and promotion of technology for smart cities to address the cumulative challenges of urban

environments.

1 Introduction

In the 4th industrial revolution era, the AEC industry is
embarking on a path of digitalisation. This commitment
aligns with solving global challenges such as rapid
urbanisation, pollution, sustainable development, and
urban management [1].

Many of the processes that have emerged from
Construction 4.0 have given a new lease of life and a
new opportunity to meet current and future challenges.
For example, smart cities and Building Information
Modelling (BIM) are two processes associated with
managing urban environments. The smart city is a
model designed to create joint and collaborative urban
management between stakeholders [2].

First introduced in 1990 and widely defined as the
harmonisation of six aspects that make a city smart:
smart people, smart economy, smart governance, smart
mobility, smart life, and smart environment [3]. This
notion considers sustainable and efficient management
of resources by deploying intelligent systems based on
information and communication technologies (ICT) and
cyber-physical systems (CPS) [4].

Although BIM was designed for the building
industry, it has emerged in all areas of civil construction
[5]. Urban design and planning include the
indispensable needs of a smart city, such as
infrastructure, electricity needs, drinking water supply,
sewage and stormwater treatment, and any other public
service [6].

There is a growing body of research on the potential
role of BIM in improving the services offered by a smart
city. As well as a small body of research literature
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synthesising the ways, issues, and limitations in which
BIM can support the design, planning, and construction
of smart cities. This paper aims to explore the potential
impacts and critical barriers facing the integration of
BIM into the smart city environment.

This preliminary research looks to and provides a
review and reinvigorates the discussion on the
relationship of BIM with the smart city. To do this, the
paper is structured as follows. After an introduction of
the topic, section 2 describes the methodology adopted.
Section 3 presents the main results. Before concluding
the paper, a short discussion is presented in section 4.

2 Research Methodology

This study attempted to conduct systematic research
on the applications, benefits, and challenges of BIM
deployment to promote the smart city concept.
Information is collected via scientific databases,
including recently published articles up to 2023. The
main databases were Scopus and Web of Science. The
research combines two key concepts: BIM, which is
used in different forms, and the smart city. The
following search terms were adopted to consider the
different forms that could result from merging this
concept: “Building Information Model*” and “Smart
Cit*.”

The literature search based on these keywords
considered the following limitations:

(i) Research articles, conference proceedings, and
book chapters were included.

(i) TITLE-ABS-KEY was searched for Scopus and
ScienceDirect, Topic for WoS.
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(i) A limitation to the English language only.
However, other languages are accepted if the title,
abstract, and keywords are in English.

Once the data was available, the literature review
was conducted to clarify the trends, applications, and
challenges of BIM deployment for smart cities.
According to Figure 1, this analysis was divided into
two main steps. Firstly, the constitution of the document
base and its implementation in the Mendely
bibliographic management software. Secondly, the
consolidation of the documents. In this stage, three sub-
stages were applied. Initially, duplicate articles were
eliminated. Then, a content analysis was done with an
initial reading of the abstract and the full text. Finally,
the database was improved by adding documents related
to the relevant references cited. The search identified 78
articles related to the topic and the study under
consideration.

3 Results

3.1 Quantitative analysis and publication
trends

Looking first at the evolution of this topic. From the
selected database, the relationship between BIM and
smart cities appears to be in the last decade. The first
publication appeared in 2011. The year 2020 records the
peak of publications. Figure 2 illustrates the evolution
of the published documents until 2023. The data
represent the overall trend in research aspects related to
BIM and smart cities. Overall, the number of
publications varies and reaches 13 in the previous year,
with one publication appearing in 2023. This fact shows
that the scientific community is paying particular
attention to the extensive research on BIM to its
deployment in the cities of tomorrow.

This search found 78 documents, divided into 26
journal articles, 47 conference papers, three literature
reviews, and 2 BOOK chapters. Over 60% of the papers
are established at conferences (see Figure 3).

Looking qualitatively at the participating journals in
this discussion. The three journals with the highest
number of publications were selected and represented in
Table 1.

In the information obtained, the journal Automation
in Construction is first an international research journal
related to automation and technology in the AEC
industry, followed by the journal Sustainability
Switzerland which publishes studies on environmental
improvement and socio-economic frameworks of
human beings. Therefore, it can be expected that most
of the articles selected in this journal cover similar topics
required for analysis.

It is clear from the table that several journals cover
the topic, and there is not one influential journal.
However, the intersection between the top 3 scopes
reflects the article’s focus on deploying BIM as a
technology for human benefit in the context of a smart
city.

This result also shows that the topic is new, and few
newspapers have tackled it. The presence of a large

percentage of conference proceedings is a clue to the
novelty of this discussion, which remains sketchy and
requires capitalisation on the existing too deeply attack
future research.

Table 1. Top journals on the subject

Journal No. Articles
Automation In Construction 3
Sustainability (MDPI) 2
Sustainable Cities And Society 2

As part of this section, an additional analysis was
conducted. This is the examination of the countries
driving this discussion. Table 2 shows the top 5 based
on the authors’ university affiliations.

No.

Country Publication Top University
China 32 The University of Hong Kong
United States 8 Georgia Institute of Technology
United Kingdom 7 Loughborough University
Italy 5 Universita degli Studi di Brescia
Australia 4 Curtin University
Germany 4 Ruhr-Universitat Bochum
India 3 National Institute of Technology

Moscow State University of Civil
Russia 3 Engineering

University of the Witwatersrand,
South Africa 3 Johanneshurg
Egypt 2 Cairo University

China leads the countries interested in the
development of BIM-based smart cities. According to
this ranking, all continents are represented. South Africa
and Egypt lead the African continent.

3.2 Using BIM for smart cities

3.2.1 Smart Infrastructures

BIM is known for its potential to create frameworks
and integrate with a variety of approaches, both
technological and managerial [7]. One of the most
renowned frameworks for smart cities is the one
developed with Geographic Information Systems (GIS)
[8]. This inclusive framework of BIM and GIS allows
the planning and forecasting of infrastructure and public
service needs. This planning respects the concepts of
intelligence and sustainability essential for the
performance of a city throughout its expansion and
development [9]. All urban systems are intelligently
simulated using 3D models to create transport systems,
drainage, sanitation, traffic management, and travel
conflicts [10].
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3.2.2 Monitoring Management

This system is based on wireless sensor networks
(WSN) from the Internet of Things (IoT) technology and
advanced BIM [11].

Radio-frequency identification (RFID), a wireless
collection and reading system, is compatible with 3D
BIM, which refers to modelling a city as an object [12].
Thanks to RFID, this combination works in real-time for
managing construction sites. This is thanks to obtaining
accurate, complete BIM models that integrate real data,
such as the location and tracking of resources [13].
Sustainable transport is at the heart of smart city
monitoring management [14]. Geo-BIM is the syllable
commonly used to describe the combination of GIS and
BIM, offering improved traffic monitoring and
coordination from the design and pre-construction
phases of smart cities [15].
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(-150 papers)
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3.2.3 Smart safety cites

The cities of tomorrow must guarantee high security
for their inhabitants [16]. This is driving governments to
overcome cyber challenges [17]. Undertaking building
information and systems is the key to identifying safety,
security, and resilience issues in cities [18]. A synergy
between BIM and complex cyber-physical systems
allows for improved asset management, managing
intellectual property well, and ensuring operational
safety. This model is only about access control in smart
cities but facilitates the design, implementation, and
operation of urban systems and processes with the
satisfaction of cyber security risks [19].

3.2.4 Urban Energy performance

Reducing energy consumption in construction is one of
the reasons to promote the deployment of BIM rapidly.
Building Energy Modeling (BEM) is a dedicated
extension to simulate the energy consumption of the
structure, heating, ventilation, air conditioning systems,
and weather conditions [20,21]. BIM or BEM fits
perfectly with the energy dimension of the smart city,
participating in the analysis and evaluating the energy
character to support the planning of this type of city
[22,23]. Dursun, I (2022) developed and applied a
technical solution to readjust urban infrastructure and
urban energy planning based on GIS-BIM [24]. In
Europe, the Smart Readiness Indicator (SRI) concept
has been adopted, whose measurement promotes the
energy efficiency guidelines of intelligent systems
integrated into buildings and smart cities [25].
Mathematical models could improve BIM-based energy
assessment methods to increase the accuracy and
decrease the error rate in smart buildings and city
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construction [26] by deploying a framework with GIS
for urban energy performance assessment [27].

3.2.5 Smart city Management

Smart city transformation programs are closely
related to BIM [28,29]. Chen et al. (2018) developed a
method named Multi-Source Rectification of Geometric
Primitives (mSTEP), based on Level of Detail 1 (LoD1),
to reconstruct automated BIM models in high-density
urban areas [30]. IoT with BIM has been proposed to
overcome smart city management challenges by
integrating IoT data and sensors to improve
communication, integration, and data sharing in a smart
city environment [31]. A similar framework (IoT-BIM)
is proven in the case of a campus in a smart city vision
based on the use of IoT devices and networks to
establish a smart building [32]. One of the remarkable
contributions of BIM 1is project management in
collaborative platforms [33]. In the context of smart city
development, a platform based on BIM, GIS, and next-
generation IoT is designed to manage a smart city in
terms of operation and maintenance [29], and a
management portal could apply [34]. These three
approaches are merged to generate an extraction and
decision engine to help citizens and smart city managers
[29].

3.2.6 Life cycle management

Life cycle management is essential in developing
smart cities [35]. BIM-based smart city development
and design provides a rich database of information on
urban systems, infrastructure, and requirements for
maintainability, operation, and maintenance [36]. BIM
is, therefore, a catalyst to support the development,
storage, and transformation of data throughout the
lifecycle of a smart city environment. Through BIM,
consistency in deliverables is ensured, and intelligent
control and global and centralised management of
systems, infrastructure, and cities are implemented [37].
BIM allows urban planners to simulate, visualise and
formulate good decisions on urban development
scenarios. BIM, with its extension City Information
Modelling (CIM), is a breeding ground for sustainable
conversion and management of a city during its transfer
to intelligent mode [38,39]. Complete life cycle
management through CIM helps designers, planners,
and decision-makers better predict a smart city’s needs
according to the scope criteria [40].

3.3 Challenges

BIM is accepted as a pioneering tool for smart city
management that initially faces the challenge of being a
fatal conversion that can be integrated into countries’
industrial development strategies [41]. Nevertheless, the
use of BIM faces several barriers. The literature places
and discusses the regulatory challenge first. The
development of unified and standardised internal
processes, exchange, and sharing between the different
stakeholders for using BIM is necessary to successfully

transfer the city to smart mode [42]. On another
legislative register, smart city initiatives are closely
related to the different disciplines of architecture and
engineering, which are governed by building codes. At
the same time, there is a need for strong codes specific
to smart city development [43].

Practically the deployment of BIM for the smart city
is restricted by the maturity of BIM capabilities and the
existence of factors that hinder its promotion [44]. In an
experiment in urban space management, Ho and
Rajabifard (2016) note two major challenges. A cultural
challenge related to the low demand for BIM due to the
favouring of 2D practices. Then a training and
competence challenge lies in the lack of qualified human
resources to lead this process. BIM alone cannot meet
the desired expectations of the digital and sustainable
transformation of the city [45]. Other tools and
approaches, such as GIS, have consolidated it. In this
collaborative deployment of BIM and GIS, major
challenges arise in connectivity, collaboration, and
interoperability because of the difference in the structure
and way of cutting projects [46]. The limitations of BIM
capabilities are overcome by the introduction of IoT
during the sustainable management of smart city
projects [47]. This requires a level of unfragmented and
integrated  professional connection [34]. This
technological approach reveals the primary obstacles
and challenges of the integration process, particularly
the lack of technological solutions and methods [48,49].

4 Discussion

BIM has given a new lease of life to various aspects
of infrastructure management and smart cities. The
results of this study illustrate the existence of a growing
trend among the scientific community toward
implementing BIM in the context of smart cities. BIM is
one of the technologies serving the development and
planning of tomorrow’s cities and other technologies
and tools. The thematic analysis identified five distinct
areas: Smart Infrastructures, Monitoring Management
safety, Urban Energy performance, Smart City
Management, and Life cycle management.

Several problems and limitations were identified
despite the promising results proven by the mentioned
studies on the BIM-based smart city to mitigate the
litigation of its development. Section 3.3 describes the
identified challenges in three categories: training,
regulation, and trust.

This review, based mainly on identifying previous
research themes, has considered all publications up to
April 2023. While previous literature review studies
omitted new publications. According to the database,
this review joins and consolidates the small number of
existing reviews that have chosen other methods that are
more qualitative in their analysis. All these methods
overcome the capabilities of BIM in sustainable smart
city development, management, and planning. Previous
researchers have reserved their literature review for
discussing the issues of BIM in collaboration with other
technologies such as I[oT, Cyber Physical Systems,
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Blockchain, and GIS on smart cities [34,39,49,50]. Only
one review focused on BIM and the smart city was
developed by Goyal L. et al. (2020). In this review, the
authors focused on identifying smart city components
using BIM [51].

This study has attempted to bring together the main
challenges facing the effective deployment of BIM in
the smart city environment. No journal has collected and
ranked these challenges. Readers of its results would be
able to draw up future research to provide solutions. In
addition, the analysis conducted in this study cites and
examines the frameworks developed by BIM with other
technological approaches to promote smart city
planning. These frameworks are research gaps
highlighted by this paper and could be future research
directions.

5 Conclusion

Using a literature review, this study examined the
issues and challenges of using BIM to develop smart
cities. After following a process of research question
delineation, bibliographic search, and document
consolidation, a total of 78 articles were sectioned for
review. The publication trend proved to be increasing
and reveals the areas of use of BIM in the context of a
smart city. Despite the growth recorded and the
remarkable impact of BIM alone or with other
technology on improving BIM thinking and decision-
making, there are still challenges to be overcome. The
paper reveals three natures of challenge: legislative and
regulatory, cultural, and finally, the challenge of
competence and training.

Looking at the research method, the paper has three
limitations. Firstly, the documents analysed are from
Scopus and Wos, so data not available in these two
databases were not considered. The second limitation of
the quantitative analysis to the evolution of the research
question. Thirdly, the results concerning the challenges
should be confronted by the opinion of professionals.

Future studies can exploit the latest information
mentioned above to obtain more profound and recent
results. The presented work enriches previous studies
and contributes a good and exploitable information base
for the practice and professional community.
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