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The operation and maintenance phases of the buildings, featured by 
great time and cost consumption, always contain a variety of complex 
issues, risks and uncertainties, all of which significantly impact on 
buildings’ performance. Many cutting-edge digital technology 
applications are proposed to effectively manage operation and 
maintenance tasks, and BIM and BIM-related technologies (such as 
iBMS, sensors and IoT) stand out as the best options because of their 
advantages for the information management process. In this research, 
a literature review on the application of BIM and BIM-related 
technologies for facilities management was conducted in order to 
measure the challenges of such technologies’ application and potential 
research directions toward the topic. The results pointed out a number 
of issues in terms of BIM enabled facilities management, then discussed 
on challenges and potential research directions on the BIM-FM system 
for building sector, including: (1) improving and managing data input 
quality, (2) identifying frameworks and processes for transferring data 
between BIM and existing operation management systems with the aid 
of advanced technologies, and (3) developing completely automated 
BIM enabled facilities management for the goals of automation and 
sustainable development. 

Keywords 
Operation management, facilities 
management, BIM, BIM-FM system, 
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1. Introduction 
The global population is projected to increase from almost 7.8 billion in 2020 to over 8.5 billion by 2030 [1], 
resulting in a surge in the demand for buildings such as housing, production facilities, and commercial spaces. In 
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2020, the global construction output amounted to US$10.7 trillion. It is projected to increase by 42%, equivalent 
to US$4.5 trillion, between 2020 and 2030, with an expected value of US$15.2 trillion [1]. Furthermore, by 2050, 
due to the dramatic upsurge in the global population, it is estimated that the construction of 13,000 buildings per 
day will be necessary [2]. The construction process from planning to design usually spans 2-3 years, while the 
operational and maintenance phase can last for up to a decade [3]. The cost of the operational phase typically 
makes up about 50% of a project's total lifecycle costs, which can increase up to 80% for infrastructure projects, 
accounting for a total cost four times greater than all remaining stages combined [4]. Effective operation 
management requires critical tasks such as data collection, storage, analysis, and evaluation. Nevertheless, recent 
research has revealed that information related to operation management is presently collected, processed, and 
distributed in a fragmented fashion, stored in various formats, and lacks centralization, uniformity, and 
forecasting capabilities. Consequently, these shortcomings can result in errors, delays in resolving urgent 
situations, and adversely impact the operational decision-making process, leading to reduced operational 
efficiency of the project. 

Currently, Building Information Modeling (BIM) represents a prominent trend within the construction 
industry and has been widely implemented in the Architectural, Engineering, Construction and Operation (AECO) 
industry, particularly during the design and construction phases [5]. BIM can be considered a virtual process that 
encapsulates and extracts information in a unified, digital, and collaborative model, making it well-suited for 
optimizing facility management activities. BIM has the potential to assist facility management in several ways: 

• It can integrate updated data and live information into a single, synchronized, and shared model.  
• It can sort and classify information to ensure that it is exchanged smoothly, thereby solving problems related 

to overlapping information.  
• It can simulate and forecast possible incidents, allowing for better planning and preparation. 
• It can support facility management decision-making, thereby enabling improvements in building energy 

efficiency and promoting sustainable construction practices. 
Given these advantages, BIM can serve as a fundamental tool in developing an advanced operation 

management solution that can be implemented across the entire project life cycle. 
Therefore, the objective of this paper is including: 

• To introduce key terms and summarize the literature on integrating BIM-FM systems. 
• To identify the main topics through theoretical taxonomy and systematization techniques, providing 

stakeholders with a comprehensive understanding of how BIM can enhance facility management activities for 
buildings. 

• To summarize the challenges and potential research directions for BIM-FM integration. 
 

To achieve this goal, the paper is structured into seven sections. Sections 1: Introduces the topic and details 
structures. Section 2 details Facilities (Facility) management and BIM. Section 3 details the scientific methodology 
in this research paper and develop a descriptive analysis. Section 4 delivers a discussion on Integration of BIM 
into Facilities (Facility) Management (referred to as BIM-FM system) and Information management for BIM-FM 
system. Section 5 delivers discussion on challenges and potential research directions for the BIM-FM system. 
Section 6 delivers a conclusion. The results of this review contribute to the field by providing an overview of the 
current state of BIM-FM integration, identifying gaps in the literature, and offering a foundation for future research 
to address the challenges and opportunities within this domain. 

2. Facilities (Facility) Management and BIM 

2.1 Operation Management and Facilities (Facility) Management 
According to the Oxford dictionary, “management” refers to organizing and controlling activities in accordance 
with specific requirements while “operation” means specific tasks that each component of a system must complete 
in order to cooperate with the other components [6]. Therefore, if the aforementioned system is a building, the 
term “building’s operation management” may refer to activities that are organized and controlled to ensure the 
proper function of each building’s component and the collaboration between these components for the effective 
performance of this building. Three (03) aspects associated to the operation and management phase of building 
are taken into consideration including “asset management”, “property management”, and “facilities (facility) 
management”. Asset management refers to a systematic and strategic procedure for the efficient operation, 
management and upgrading of tangible assets throughout their life cycle [7]. In other words, asset management 
aims to maintain and optimize assets’ performance of buildings, more specifically, it focuses on (1) evaluating the 



132 Int. J. of Sustainable Construction Engineering and Tech. Vol. 15 No. 4 (2024) p. 130-145 

 

 

status quo of assets; (2) predicting future asset failures; (3) selecting and developing strategies and plans on assets 
maintenance and repair; (4) enhancing assets’ performance after maintenance and repair; and (5) developing 
plans on assets prioritization and capital allocation for asset operation [8]. Property management is the day-to-
day oversight of real estate, including apartment, commercial, and industrial buildings, by a contractor acting as a 
third party (agencies providing operation management services, for example). Thus, these agencies are in charge 
of carrying out daily upkeep, repairs, and protection of assets (or real estates) [9], and the term “property 
management” is also involved in buildings’ operation and maintenance activities for the smooth and efficient 
functioning of these facilities. Facilities management or facility management is a specialized area containing the 
participation of various disciplines in order to assure the function of the buildings based on the integration of 
people, space, procedure and technology [10]. The phrase "facilities management" and the previously described 
concept "operation management" have comparable meanings. The two concepts place a strong emphasis on cross-
disciplines collaboration [11] for efficient assets’ operation. This word “assets” can be used to represent not only 
specific kinds of assets in a building but also entire buildings, complexes, or even entire cities [12]. The basic goal 
of “asset management” is to optimize earnings for the entities that hold the assets, or, to put it another way, the 
advantages of the asset's owners, “property management” gets appropriately used when studies are put into 
practice with the primary subjects as businesses or agencies that offer operation management services, while 
“facilities (facility) management” refers to a field of comprehensive managing all operation and management 
activities, with an emphasis on buildings . In the literature review process related to buildings’ operation and 
maintenance, the term “facilities management” or “facility management” is frequently used to describe the process 
of managing the operations of buildings, therefore, this study primarily considers "facilities (facility) 
management" as "operation management". 

2.2 Building Information Modelling (BIM) 
Building Information Modeling (BIM) is the digital representation of all building components' physical 
characteristics and functions [13-15]. BIM owns potential benefits for investors and operation management 
agencies by offering a sophisticated tool for obtaining, utilizing, and managing numerous types of data output from 
the digital models of assets, or the buildings [3]. The operation and maintenance phase are the most time-
consuming and have the most impact on the life cycle of a structure. It involves a number of simultaneous tasks 
that are conducted to maintain the buildings' effective operation [8]. Nevertheless, the role of BIM for operation 
and maintenance phase is restricted to a platform that provides a database and information for operational 
process, therefore, BIM must be incorporated into other cutting-edge technologies (hereinafter referred as “BIM- 
related technologies”), such as sensors, internet of things (IoT), mobile technology and intelligent Building 
Management System (iBMS), to deliver the best support for buildings’ operation and maintenance phase [7]. 

3. Methodology 
This study adopted the method of collecting, synthesizing, and analyzing research documents pertinent to the field 
of construction management and operation and the application of BIM. Theoretical taxonomy and systematization 
techniques are utilized to categorize the documents into distinct problem groups and organize a theoretical 
framework relevant to this research [16, 17]. 

This research paper was developed through a four-stage process shown in Fig.1, commencing with source 
and keyword identification, followed by bibliometric analysis, analyzing contents of selected research, and 
concluding with a discussion on the BIM-FM system, information management system for BIM-FM system, 
challenges, and potential research directions for BIM-FM system. 
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Fig. 1 Overview of research process 

3.1 Stage 1: Source and keywords identification 
The database employed to search for publications was Scopus, which is a standard that ensures the quality of 
research papers and conference papers from around the world.  
Regarding keywords, two categories were established to gather the most pertinent information related to this 
study, as illustrated in Table 1. 

Even though the majority of this study focuses on "facilities management," 02 other terms, including "asset 
management" and "property management," are also taken into consideration because of their shades of meaning 
representing various operational management aspects and their overlap with the facilities management area. In 
other words, a variety of research on facilities management might even mention property management and, 
especially, asset management, hence, in addition to the phrase "facilit* management," the keywords "asset 
management" and "property management" are also utilized as crucial keywords to ensure the representativeness 
of this research. 
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Table 1 Search terms categories used for search 
Search terms Categories Search purposes 

Search terms:  
(“BIM” OR “Sensor” OR “IoT” OR “Mobile 
technology” OR “BAS” OR "iBMS") AND (“Facili* 
management” OR “asset management” OR 
“Property management”) 

The search criteria were established to retrieve and 
gather scholarly documents for general analysis, in-
depth analysis, and synthesis of research studies on 
operation management utilizing cutting-edge 
technologies (such as BIM, BAS, external devices, 
etc.) 

Search terms:  
(“BIM” OR “Sensor” OR “IoT” OR “Mobile 
technology” OR “BAS” OR "iBMS") AND (keywords 
pertaining to operation and maintenance 
management activities, as depicted in Table 2) 

The search criteria were established to retrieve and 
gather scholarly documents for general analysis, in-
depth analysis, and synthesis of research studies on 
operation and maintenance activities applying 
cutting-edge technologies (such as BIM, BAS, external 
devices, etc.) 

Table 2 Keywords pertaining to operation and maintenance management activities [18-27] 
No Operation and maintenance management activities 
1 Maintenance and repair 
2 Energy management 
3 Emergency management 
4 Change/Relocation management 
5 Space management 
6 Security 
7 Hazardous waste management 
8 ICT management 
9 Recycling 

10 Inventory management 
11 Furniture installation 
12 Disaster recovery 
13 Cleaning and housekeeping 
14 Landscape maintenance 
15 Interior finishes selections and maintenance 

3.2 Stage 2: Bibliometric Analysis 
Drawing on the definitions of Facility Management and BIM outlined in Section 2, we conducted a search in the 
Scopus database using the following terms: "BIM" AND ("Facilit* management" OR "Asset management" OR 
"Property management"). The search was restricted to the field of engineering and articles published in English 
between 2009 and 2022. From these databases, a total of 527 articles were retrieved, including international 
journal papers (347 articles), conference papers (52 articles), and review papers (reviews - 82 articles), and the 
few remaining documents are Editorials, books, and chapters related to the research problem. Fig.2 illustrates the 
publication types of articles searched with the following phrases “BIM” AND (“Faciliti* management” OR “Asset 
Management” OR “Property Management”). 
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Fig. 2 The type of distribution of selected articles 

The bibliometric analysis reveals the annual publication of the articles within the period from 2009 to 2022, 
indicating a notable surge in publications related to facilities management and building information modeling 
(BIM) beginning in 2017 (Fig.3). Between 2017 and 2018, fewer than 50 publications were recorded annually. In 
contrast, during the preceding period, the number of articles did not exceed 25. These findings demonstrate that 
the research on developing and innovating facility management processes with the support of cutting-edge 
solutions and technologies is a relatively nascent field globally, having only emerged in the past 4-5 years (since 
2018). 

  

Fig. 3 The distribution of selected articles by year 
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In terms of origin of publications, the bibliometric analysis shows that most articles regarding both facilities 
management and Building Information Modeling (BIM) originate from the United Kingdom (UK) and Australia, 
with the United States (US) following closely behind. In Asia, only China, Malaysia, and Hong Kong have 
demonstrated significant interest in this field. 

 

Fig. 4 Distribution of publication by territory 

The bibliometric analysis also demonstrates that the BIM, Data, Information, Operation, Process, Technology, 
Approach, are the most frequently used keywords as shown in Fig 5. The keyword’s frequency assisted us in 
clustering the selected publications in sis 3 clusters after combining the common interest of keyword as follow: 
(1) Information management (includes: data, building information modelling, environment, approach, system); 
(2) integration of BIM (includes: operation, process, phase, lifecycle, integration, standard, requirement); (3) 
Future research (includes: challenges, research, study, construction, stakeholder, understanding, organization, 
benefit, design methodology approach). 
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Fig. 5 Keywords co-occurrence mapping 

 

Fig. 6 Keywords cluster analysis visualization 
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3.3 Stage 3: Analyzing Contents of Selected Research  
This stage comprised scrutinizing the abstracts of 527 articles to pinpoint publications that are directly pertinent 
to this study, which contain or address the following contents and relevant keywords:  

• Contents related to construction industry and construction building, with keywords including “Construction 
industry” or “Civil Engineering”, “Construction building”, “Office building”, “Green Building”, “Housing”, 
“Intelligent Building”. 

• Contents related to operation management, with keywords including “Facilities management”, “Facility 
Management”, “Asset Management”, and “FM”. 

• Contents related to buildings’ operation and maintenance stages, with keywords including “Maintenance”, 
“Operation and maintenance”, “Maintenance management”, “Building maintenance”.   

• Contents related to Building Information Modelling (BIM), with keywords including “BIM”, “Building 
Information Modelling”, “Building Information Modelling - BIM”, “Building information Modeling (BIM)”, and “3D 
Modelling”. 

• Contents related to cutting-edge platforms supporting building operation management, with keywords 
including “Digital Twins”, “Internet of Things” or “IoT”, “Augmented reality”, and other advanced technologies. 
 

The filter yielded 387 articles that fulfill the aforementioned criteria, of which the majority pertain to "Facilit* 
management," while only a few mention "Asset management" (27 documents), and none discuss "property 
management." Therefore, it can be inferred that the research direction of construction operation management 
worldwide, supported by Building Information Modeling (BIM) and other cutting-edge contemporary platforms, 
primarily focus on two main aspects, namely "Facilit* management" and "Asset management", with "Facilit* 
management" constituting a larger proportion compared to the latter.  
The authors of this study aim to focus analysis on the most compelling research problem, as mentioned earlier, 
which is the development of an advanced FM system that leverages BIM and other relevant cutting-edge 
technologies. To achieve this objective, the authors adopt a method of analyzing studies with a narrow scope of 
research on Facilities Management, with over 300 studies considered, then further select studies that pertinent to 
the following topics: 

• Contents related to the development of BIM enabled facilities management or facility management systems 
supported by BIM and BIM – related technologies. 

• Contents related to cutting-edge platforms supporting facilities management functions (such as DT, iBMS 
and IoT) Contents related to cutting-edge platforms supporting building operation management, with keywords 
including “Digital Twins”, “Internet of Things” or “IoT”, “Augmented reality”, and other advanced technologies. 
Following the selection of related studies based on the above-mentioned topics, we have identified and chosen 
over 50 relevant articles for in-depth analysis. These topics were then categorized into two key categories 
containing four main topics of information. The relevant papers pertaining to each topic were scrutinized, 
summarized, and compared to extracting significant findings, conclusions, research gaps, and current limitations, 
thus enabling a thorough and insightful discussion. 

3.4 Stage 4: Discussion 
This section presents a discourse on the two primary categories of information related to BIM - FM system, 
encompassing “BIM-enabled facilities management knowledge sharing” and “The development of BIM-FM's 
framework or process”, as well as Information management for BIM-FM system, involving “Information transfer” 
and “Information Interoperability”. Building on this discussion, we subsequently examine the challenges and 
potential research directions for the BIM-FM system. 

4. Discussion 

4.1 Integration of BIM into Facilities (Facility) Management (Referred to as BIM-FM 
System) 

Most of the studies conducted from 2013 to 2017 highlights knowledge sharing and introduction of BIM adoption 
as a platform of data development, management and transfer in order to assist facility management, then proposes 
processes and frameworks for BIM applications. Due to the novelty of BIM applying for FM, the BIM-FM system's 
obstacles, challenges, and benefits are examined and stressed. In addition, future research directions are specified 
for a comprehensive facility management process supported by BIM. 
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4.1.1 BIM Enabled Facilities Management Knowledge Sharing  
In 2015, the BIM functions for FM are highlighted in a book’s chapter of Ghosh [28], then, the recommended 
direction for BIM-FM research includes: (1) BIM implementation plan for facilities management, (2) Legal data 
integration into BIM-FM system, (3) BIM-FM Contracts’ requirements establishment and the process of 
performing operation tasks in terms of legal aspects, (4) Remote control of facilities management process, (5) 
Simultaneous information sharing in both BIM models and FM system, or development of live BIM-FM system, (6) 
The information compatibility between BIM tools and FM system, and (7) Development of an intelligent building 
system equipped with self-repair and self-maintenance mechanism. In addition to BIM’s benefits for enhancing 
FM efficiency, It is considered as a solution for sustainable construction orientation, however, BIM - enabled 
sustainable facilities management must overcome 04 challenges as follows: (1) Identification of necessary 
information required for operation decisions, (2) Development of new BIM- models or adjustment of existing BIM-
models of buildings, (3) Management of information sharing for operation activities, of systems monitoring 
operational process and BIM models, and (4) risks management only based on insufficient building data [29]. 

4.1.2 Development of BIM-FM’s Framework or Process 
In the period of 2013 to 2017, the focus of research is on the topic of BIM integration into Facility Management. In 
2013, BIM is proposed to incorporate with smartphones to support for facility management activities, more 
specifically, smartphones are used to provide an engineer with the implementation of facility management tasks, 
such as establishing maintenance schedules, checking and monitoring the state of the assets, even when he (she) 
is not on site, and BIM integrated into these devices aims to provide engineers with detailed and visible 
information on a buildings’ components, and assist them in controlling the status quo of asset and in making better 
operational decisions [30]. Nevertheless, to develop a successful BIM – FM system, the quality of input data must 
be prioritized first. Regarding this issue, an open BIM standard is applied to create an intelligent facility system. 
The difficulty in gathering geometric information for facilities management is emphasized, therefore, a BIM 
enabled process of objects’ properties recognition is developed to directly and continuously transfer BIM models 
data into the facility management system [31]. This process prevents operational management agencies from re-
developing assets data and guarantees the quality of input data.  

For large projects containing complicated equipment and MEP systems, multi-scale BIM models, or BIM 
models that may adjust their volume based on the needs of each participant, are developed and applied [32]. 
Moreover, data from BIM models is also utilized to evaluate the condition of building assets, facilitating the ability 
for operation management agencies to monitor the state of building assets and facilities by using BIM models 
directly instead of manually importing input data [33]. Advanced-technologies are studied to incorporate with 
BIM to support facility management, including digital technologies [34] and sensors [35], in addition, information 
models on building’s assets, equipment and facilities that can be used and transferred from the construction phase 
to the operation phase are suggested [36, 37]. Moreover, early in the construction project, an information system 
on building assets operation and management must be developed, and the information system must reflect the 
inheritance, which means it may be used efficiently throughout all project phases, including the project’s 
preparation phase, the design and construction phase, and the operation and maintenance phase. 

4.2 Information Management for BIM-FM System 
As previously indicated, research from 2013 to 2017 focused on knowledge exchange and the introduction of BIM 
applications for FM, whereas from 2018, issues related to building’s information and information management 
are addressed, with a particular emphasis on the development of a database for information transfer and 
interoperability between BIM models and facilities management systems. 

4.2.1 Information Transfer 
In 2018, COBie, a data format for archiving information or a standard for data sharing which facilitates the ability 
to transfer data between different application programs, is proposed to support the integration of facility 
management data into BIM, especially the transfer of building information from the construction phase to the 
operation phase [38]. Additionally, the system for exchanging building operation information is based on tools for 
collecting, archiving and sharing necessary data, that can be classified into 04 groups as: (1) data on assets 
characteristics, (2) data on physical facilities, (3) data on operation and maintenance activities, and (4) data on 
operation mechanism and alternatives for making decisions. Besides, 04 aspects that contribute to facilities 
management include (1) input data for the operation framework, (2) lists of building assets and equipment in the 
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operational process, (3) practices on the implementation of facilities management, and (4) Information 
Technology tools used [39]. To control the quality of data input for asset management, a reliable data collection 
process is proposed to be used for existing infrastructure projects, involving the following steps: (1) preparing 
technologies factors such as software and tools, (2) gathering data from available documents and the construction 
site, (3) verifying data collected and (4) updating data into information databases for asset management [40].  

Furthermore, BIM integrated with a live database (or referred to as a cloud platform for archiving data) is a 
method for developing information management systems, and then provides a significant instrument to control 
the risks and variables associated with facilities management during the operation and maintenance phase [41]. 
As a response to the emergence of sophisticated facilities management solutions like BAS (Building Automation 
Systems), a data connection structure, or an integrated technique used to connect data obtained from BAS sensors 
installed in the building to BIM-FM models, is being researched. More specifically, a convention for naming data 
and techniques on time series data analysis is established and integrated into the database, and then incorporated 
with 3D networks to enable the reflection of time-series data to BIM-FM models and to facilitate the data 
visualization [42].  

4.2.2 Information Interoperability 
Regarding to the information interoperability between BIM and facilities management, a suggestion is made to 
link the building’s components in BIM models and the information of facilities management into a single 
operational database, which is known as Semantic Web - a group of languages used in layers to maximize data 
value and protect data security [43, 44]. In addition, regarding to the improvement of the input data collection 
process, Internet of Things (IoT) is suggested to integrated with BIM through the use of real time applications for 
building status monitoring, nevertheless, in order to ensure the efficiency the data collecting process, numerous 
IoT devices are installed into the buildings, so a management system for these devices must be developed [45]. On 
the other hand, further issues arise from the BIM, IoT, and FM systems' data sharing and interoperability because 
each system uses a different data format and data presentation, and to overcome this challenge, a framework 
based on an 04 phases ontology database [46], an application of Digital Twins (DT) and artificial intelligence (AI) 
[47, 48] are presented. Digital Twin (DT) is proposed to support the facilities management automation process. 
DT represents its advantages in real-time assets information management to quickly identify dangers and 
accidents for automated buildings’ equipment operation [49, 50]. In addition to advanced software solutions, 
hardware devices are employed to support the BIM-FM system. Data obtained from sensors can be combined with 
data from BIM models in order to establish a comprehensive database of buildings [51], Unmanned Aircraft 
System is used to monitor the state of the buildings’ facade [52], and Ultrasonic sensor networks are applied to 
optimize the maintenance services for smart buildings [53]. 

5. Challenges and Potential Research Directions for BIM-FM System  

5.1 Challenges for BIM-FM System 
As a result of the descriptive analyses indicated above, BIM enabled facilities management is mostly focused on 
studies from the 2016s when BIM demonstrated its outstanding benefits in the AEC industry. BIM offers an 
information platform to connect all disciplines involved in project’ segmentation of construction projects, more 
specifically, all the building information related to every construction projects’ phases, including physical and non-
physical data, is collected, imported, visualized and continuously updated under a consistent protocol to create 
the information platform, or the information database of the building, which serves as the basis for the creation 
of numerous BIM uses aimed at improving the efficiency of construction projects. To be aware of the importance 
of information in BIM, to develop an effective BIM-FM system, the first challenge in creating a successful BIM-FM 
system is the management of data input quality, especially in case of existing buildings not applying BIM in their 
design and construction phases. For these kinds of buildings, particularly those constructed many years ago, 
deliverables from earlier phases are only available as paper records or 2D drawings, and difficulties arise when 
building information is digitalized due to data inaccuracy and insufficiency. Furthermore, when developing digital 
models, an unclear identification of operation and maintenance requirements leads to incorrect data input. The 
efficiency of data digitization, a time- and money-consuming process that requires the application of numerous 
modern technologies, depends in part on the quality of the data input. 

The review on the BIM-FM system demonstrates the use of a variety of cutting-edges technologies and 
solutions for managing building operations such as intelligent Building Management System (iBMS) and Building 
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Automation System (BAS), which contain many application levels based on the operation of various software and 
tools. These aforementioned systems only operate effectively in case of using a comprehensive database, which 
can be accomplished by deploying BIM, or the integration between BIM and operation management systems need 
to be studied and implemented, unfortunately, this integration has difficulties with data sharing, exchange, and 
interoperability. Various tools used for BIM and for these systems are used, therefore, data extracted from BIM 
and operation systems may differ from each other on format, size and other properties, and then, can not be 
transferred directly between BIM models and operation management systems. Additionally, each operation 
management system is owned by a different organization and then has its own set of protocols for data collection, 
import, transfer, access, and export as well as a unique method for carrying out tasks related to operation and 
maintenance. As a result, it is difficult to find a consistent process, or framework, or platform to connect data from 
BIM models to operation management systems to create effective operation management tools that run on an 
extensive information database. 

Automation and sustainable development have been becoming an outstanding movement in the construction 
industry, and the operation and maintenance phase of buildings - with its feature of high cost-consuming, long-
lasting duration and significant influences on environment - are supposed as a fertile ground for in-depth studies 
on the buildings’ performance based on automatization mechanisms to satisfy requirements of sustainable 
development. The development of advanced technologies such as BIM, Digital Twin, Internet of Thing, iBMS and 
BAS provides researchers with exceptional materials for performing studies on improvement of operation 
management efficiency throughout the buildings’ life cycle, nevertheless, the complex features of these 
technologies create challenges for researchers to use and incorporate them into the buildings’ operation and 
maintenance phase. In addition to issues on data management indicated above, risks associated with the operation 
of BIM-FM systems over the projects’ life cycle could create not only barriers but also opportunities for studies 
focusing on the development of sophisticated operation management systems that facilitate the trend toward 
automation and sustainable development. 

5.2 Potential Research Directions 
The first requirement in developing a successful BIM-FM system is the high quality of the data input integrated 
into models; therefore, data quality management may become a prospective research area in terms of BIM enabled 
facilities management. Nowadays, the birth of various advanced technologies related to information management, 
such as Digital Twin and 3D scanning, facilitates the enhancement of the process on data input’s collection and 
quality control, despite researches that were carried out using Digital Twin, RFID tag, sensors and 3D scanning for 
data management and operation management, research on using these cutting-edge technologies and solutions to 
control data input quality and perform data processing for the data digitization of various types of buildings, that 
have different operation and maintenance features and needs, is still in its infancy. Potential directions in the 
aforementioned research aspect may be more specifically as follows: 

• Developing consistent standards or requirements on information needed for each kind of building's 
operation and maintenance phase while taking into account the operational conditions of the buildings, and 
the legal environment and status quo on operation and maintenance management in each country. 
Particularly in BIM lagging behind countries that are creating BIM specifications and standards for 
widespread use in their construction industries, or are focusing on BIM application for design and 
construction stages, studies on early identification of data input standards integrated to use for operation and 
maintenance process facilitate the development of successful digital models even from the earliest stages of 
construction projects onward, and the creation of an information system that can reflect the inheritance as 
indicated above.  
• Digitalizing all the buildings’ information and data by the use of advanced solutions and technologies such 
as BIM, DT and 3D scanning under the consideration on operation management requirements and relevant 
legal documents for each kind of buildings, and then developing a protocol or a framework for collecting, 
selecting, processing and integrating information and data input digitized into available operation and 
maintenance systems, especially for existing structures that had been built many years ago, and have not yet 
undertaken the data-digitization process (old apartment buildings or heritage buildings, for example). In 
other words, this research orientation addresses the procedure of all buildings assets digitalization to support 
for the operation and maintenance functions, then facilitates the process of developing a comprehensive 
database in preparation for the construction of smart cities in the future.  
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Thanks to the expansion of website and blockchain technology, there is still space for research into data 
exchange, sharing and interoperability between BIM models that are developed in the design and construction 
phases, and existing building operation management systems. The development of information technologies 
allows researchers to study on a consistent process or framework or a standard data format to share information, 
and a protocol to link data from available BIM models into various operation management systems (such as iBMS, 
BAS and soft and hard FM) in an attempt to efficiently utilize BIM models as an information management platform 
to support functions of facilities management. Specifically, the following could be potential directions in the 
research aspect: 

• In the first circumstance, BIM models developed in the design and construction phases, need to be modified 
to apply to the operation and maintenance phase, or to combine with operation management systems that are 
anticipated to be in use. As a result, the research design emphasis is on the transfers to the identification of 
information appropriate to the requirements of operation management to incorporate into BIM models 
generated in the design and construction phase, on the basis of the operational management system chosen, 
the operational and management data standards and specifications, and the facility management 
requirements. 
• In the second circumstance, BIM models must be re-developed to provide an information database for 
buildings that are in operation phase and being applied to existing operation management systems. In this 
case, because the operation management requirements are identified clearly and operation management 
systems are even in use, the research now focuses on data interchange, sharing, interoperability, and access 
between BIM models and various operation management tools. Information technologies, such as websites 
and blockchain, may be the key for this issue with the benefits of sharing, exchanging, safeguarding, and 
accessing data between various information databases.  

 
Besides, the further researches may concentrate on the development of an automation facilities management 

or alive facilities management to support for operation needs such as automated energy management, and 
automated analytics and management of risks arising throughout operation and maintenance phase with the 
support of various cutting-edge solutions like BIM, DT, IoT, block chain as well as hardware devices (sensors), 
nevertheless, this research orientation must be facilitated by  contemporary and comprehensive digital platforms 
for buildings, making it appropriate to apply in nations with a high level of BIM and an extensive use and 
implementation of information technology in their respective sectors. 

6. Conclusion 
This research emphasizes the various BIM benefits for the operation and maintenance phase of buildings, 
especially for the activities and functions of Facilities management. Furthermore, the process of completing a 
literature analysis on BIM-enabled facilities management area highlighted several contemporary topics that 
researchers are working on. More specifically, 02 significant aspects given extra extension are: (1) development 
of a consistent process or framework for the BIM-FM system's smooth operation and (2) enhancement of an 
advanced and effective information management system with the consideration on data input quality, data 
transfer, and interoperability between different operation management platforms. Based on findings from the 
literature review process, several future research directions are discussed for the development of entirely 
automated facilities management and the objectives of sustainable development in the construction sector. 
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