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Abstract: Building Information Modelling (BIM) plays a pivotal role in the digitization of facilities
management (FM), fundamentally transforming the built environment sector. However, managing
the change in organizations to successfully transition into a BIM-enabled FM system remains a
significant challenge. To address this, this paper starts with a literature review of existing theories and
practices of change management and digital transformation in the built environment sector. Based
on the analysis of barriers and strategies identified in the literature review, a five-step roadmap for
change management in BIM adoption is proposed. It includes establishing a change management
team, conceptualizing the initiative, developing an implementation plan, managing the transition
phase, and maintaining the change. The roadmap aims to guide organizations to effectively adopt
BIM for FM, resulting in streamlined transition, enhanced operational efficiency, and improved asset
performance. Further research is needed to validate the proposed roadmap and its potential for
generalization to other sectors and countries.

Keywords: roadmap; Building Information Modelling; change management; digital transformation;
facility management

1. Introduction

The advent of digital disruption, a phenomenon characterized by profound shifts
in the cultural, market, industry, or process paradigms due to digital innovations [1],
has precipitated transformative changes across various sectors. In the realm of facility
management (FM), this disruption is predominantly manifested through the integration of
Building Information Modelling (BIM) [2]. BIM, a sophisticated digital tool, facilitates the
creation, management [3], and utilization of a comprehensive 3D model of a building [4],
encompassing its entire physical and functional attributes [5]. This paradigm shift extends
beyond mere technological advancement, heralding a new era in FM characterized by
enhanced operational efficiency, cost-effectiveness, and superior building performance [6].

The incorporation of BIM into FM practices offers a multitude of benefits [7-12]. It
equips FM professionals with an intricate digital representation of facilities, accessible
throughout their lifecycle, thereby significantly augmenting the management of building
information [13]. This enhancement is pivotal in optimizing operational performance,
achieving cost reductions, and ensuring the safety and comfort of building occupants [14].
Moreover, BIM engenders improved collaborative synergies among diverse stakeholders,
including architects, engineers, and contractors, by facilitating the utilization of a unified
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digital model [15,16]. This collaborative approach is instrumental in enhancing commu-
nication, minimizing errors, and streamlining project execution [17]. Additionally, BIM's
capabilities in automated monitoring and predictive reporting are crucial in optimizing
building operations and maintenance endeavors [18].

Notwithstanding these advantages, the assimilation of BIM within FM is replete with
challenges, predominantly in the domain of organizational change [19]. The transition to
BIM-enabled FM necessitates the deployment of robust change management strategies [20].
Such strategies encompass a comprehensive assessment of the change impact, the develop-
ment and articulation of an implementation plan, and the provision of requisite training
and support to ensure a seamless transition [21].

Despite the burgeoning recognition of BIM within the Architecture, Engineering, and
Construction (AEC) industry [22] and its manifest benefits, its adoption within the FM
sector is comparatively nascent and faces resistance [23,24]. This research endeavors to
bridge this gap by proposing a roadmap for the adoption of BIM in FM, underpinned by
change management principles. This roadmap aims to systematically guide organizations
through the intricacies of adopting BIM in FM, thereby maximizing its potential benefits
for FM.

In essence, the FM industry, tasked with the effective stewardship of physical assets,
confronts a spectrum of challenges, including inefficient data management, suboptimal
collaboration, and inadequate asset performance tracking. BIM emerges as a quintessential
tool in navigating these challenges and enhancing the efficacy of FM processes. However,
the transition to a BIM-enabled FM paradigm is contingent upon a comprehensive change
management process, which constitutes the focal point of this study.

1.1. Research Question and Method

The primary research question addressed in this study is as follows: how can change
management principles be effectively integrated into a roadmap to aid organizations in the
built environment sector in their transition to BIM-enabled FM? To answer this, this study
employed a literature review, formulating a five-step roadmap for BIM-enabled FM digital
transformation. The proposed methodology integrates change management principles with
BIM practices. This approach encompasses team establishment, initiative conceptualization,
detailed planning, transition management, and sustainability mechanisms, all aimed at
optimizing operational efficiency in the built environment sector.

1.2. Theoretical Framework

The theoretical framework of this study is rooted in the intersection of change man-
agement theories, digital transformation models, and the application of BIM in FM. By
integrating the principles of change management [19,25,26] with the intricacies of digital
transformation and the collaborative and data-centric nature of BIM in FM, this study
presents an integrated roadmap. It aims to address the challenges and strategies vital for
a successful transition to a BIM-enabled FM system, offering organizations in the built
environment sector a structured perspective on digital transformation.

2. State of the Art: BIM for FM

This section aims to set the context and define the scope of the review, focusing on
the pivotal role of BIM in FM, the challenges of digital transformation in this domain, and
critically effective change management strategies for successful BIM-FM implementation.

2.1. The Role of BIM in FM

BIM represents a significant shift in FM, offering a digital approach to managing
building assets throughout their lifecycle [27,28]. BIM’s integration into FM practices
has been increasingly recognized for its potential to streamline operations and enhance
collaboration among stakeholders [29,30]. Several studies [31-33] have demonstrated how
BIM facilitates efficient data management and operational workflows, leading to improved
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decision-making processes in FM. Additionally, research indicates that while new buildings
constitute only 1-2% of the building count, the focus on BIM applications in FM is primarily
on these new constructions [34,35]. The operational and maintenance costs, which are
estimated to be 5 to 7 times the original investment, underscore the importance of BIM
throughout a facility’s lifecycle [36,37].

2.2. Challenges in Digital Transformation for BIM-Enabled FM

Transitioning to BIM-enabled FM involves significant challenges, particularly at the
organizational level. Key barriers include resistance to technological change, the need
for significant upskilling, and the integration of new workflows into existing systems.
Research [9,10,38] highlights these challenges, emphasizing the necessity for strategic
approaches to manage this digital transformation. The literature suggests that the success
of BIM implementation in FM is as much about managing organizational change as it is
about technological adoption. Studies have also shown that a significant amount of time
and effort is spent retrieving information from electronic and physical documents, leading
to frequent redundancy [23,39].

2.3. Change Management Strategies in BIM-FM Adoption

Effective change management strategies are crucial for the successful adoption of
BIM in FM. The literature in this domain has identified several strategies that have proven
strategies. These include comprehensive stakeholder engagement, phased implementation
plans, and continuous training programs [40]. For example, Liao and Teo [41] demonstrated
how structured change management approaches could mitigate resistance and foster
a culture receptive to BIM technologies in FM settings. These strategies are not only
about managing the transition but also about sustaining the change for long-term benefits.
Additionally, the literature indicates that BIM’s greatest benefits lie in the operation and
maintenance (O&M) phases of a building’s lifecycle [42].

2.4. Gaps in Current Research and Practice

While there is extensive research in the literature on BIM adoption and change man-
agement, there remains a notable gap in research specifically addressing comprehensive
change management frameworks tailored for BIM in FM [42]. This gap suggests a need
for more focused research on developing and validating structured methodologies that
cater specifically to the nuances of BIM implementation in FM. This is where the proposed
roadmap in this study aims to contribute, offering a structured approach to facilitate and
sustain BIM adoption in FM environments.

This section has synthesized key aspects of BIM in FM, the challenges of digital
transformation, effective change management strategies, and the gaps in current research.
The insights gained lay a solid foundation for the proposed roadmap, which is aimed at
addressing these identified gaps and facilitating a structured approach to BIM adoption
in FM.

3. Methodology

This study adopts a multidisciplinary approach, integrating change management
theories, digital transformation models, and BIM practices in FM. The methodology en-
compasses a focused literature review and the formulation of a structured roadmap for
BIM-enabled FM.

3.1. Literature Review

The literature review conducted in Section 2 synthesizes the key elements of BIM in
FM, focusing on the challenges of digital transformation, effective change management
strategies, and the gaps in current research. It provides a foundation for the proposed
roadmap aimed at addressing these gaps and facilitating a structured approach to BIM
adoption in FM.
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3.2. Roadmap Formulation

Informed by the literature review, a five-step roadmap is conceptualized to guide
organizations in adopting BIM for FM. This roadmap integrates principles of change man-
agement and BIM practices, focusing on team establishment, initiative conceptualization,
detailed planning, transition management, and long-term sustainability.

3.3. Validation and Generalization

The proposed roadmap will undergo validation through expert interviews and case
studies in real-world FM settings in a future study. This phase aims to refine the roadmap
and assess its applicability across various sectors and geographical contexts. The limitations
of the current approach and avenues for future research, including broader empirical testing
and adaptability studies, are also identified.

4. Proposed Change Management Roadmap for BIM-Enabled FM

In the evolving field of FM, the integration of BIM represents a paradigm shift, necessitating
strategic management for effective transition [43]. The challenges in this transition are multi-
faceted, encompassing technological aspects [44—48], cost-related issues [32,48-54], and legal
and contractual considerations [46,53,55,56]. Furthermore, the integration of BIM into existing
systems introduces complexities related to interoperability [28,42,47,55,57-65]. The proposed
roadmap in this paper offers a method for the smooth transition to BIM-enabled FM.

The proposed change management roadmap, as shown in Figure 1, comprises five
steps. Adapted from conventional change management models and insights from digital
transformation studies [21,66], the roadmap is designed with a generic framework. This
universality ensures its applicability and adaptability for diverse organizational contexts.

e Step 2 Step 3 e Step 5
Organising . - Managing —
Formulating Planning Sustaining
a Change the Change
the Change the Change . the Change
Team Transistion

Figure 1. Change management roadmap.

4.1. Organizing a Change Team
4.1.1. Strong Leadership

The initiation of the change management process hinges on establishing strong leader-
ship, drawing from models like Kotter’s 8-Step Change Model [59] and Prosci’s 3-Phase
Process [67]. The leader, ideally a senior manager or someone with significant influence,
should possess the ability to strategically drive and steer the change initiative [68]. This
role involves influencing stakeholders and managing change from a strategic perspective.

e Actions: identify a leader who demonstrates commitment to change and strategic
thinking.

e  Timeline: complete within the first two weeks of the roadmap initiation.

e  Resources: access to organizational resources and decision-making authority.

4.1.2. Change Management Team

The change leader is tasked with assembling a multidisciplinary team comprising
individuals from various departments, with a focus on the existing FM team due to their
familiarity with the BIM system requirements and challenges [68].

e Actions: 1. The selection of team members based on expertise and departmental
representation. 2. The inclusion of a senior member capable of implementing deci-
sions. 3. The addition of a planning division member for resource oversight. 4. The
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engagement of external BIM consultants or managing agents for system selection and
feasibility assessment.

Timeline: Formation of the team within one month of leadership assignment.
Resources: Human resources from within the organization, along with external con-
sultants as needed.

4.2. Formulating the Change
4.2.1. Identify and Define the Need for Change

Initiating change begins with recognizing its necessity at a strategic level, incorpo-
rating stakeholder requirements [69]. Key stakeholders, including FM team members,
operational teams, contractors, managing agents, and senior management, are identified
and analyzed using the stakeholder power/interest grid (Figure 2). This grid categorizes
stakeholders based on their power (ability to influence outcomes) and interest (level of
concern or involvement) into the following four quadrants: high power/high interest,
high power/low interest, low power/high interest, and low power/low interest. This
classification helps to prioritize stakeholder engagement and manage their impact on the
change process. Utilizing the stakeholder grid, we assess challenges and opportunities
from various perspectives, thereby shaping effective plans and enhancing an awareness of
the change initiative’s purpose [70].

High

Keep Satisfied | Manage Closely
POWER

Monitor | Keep informed

Low High

INTEREST

Figure 2. Stakeholder power/interest grid.

4.2.2. Delineating Scope of Change

It is recommended that the change manager develop a clear vision and strategy aligned
with the organization’s goals [71]. This involves a three-step process: identifying critical
success factors (CSFs) for the change, defining measurable key performance indicators
(KPIs) for each CSF, and creating a detailed roadmap or benefits register [72]. For BIM
implementation in FM, CSFs could include time savings and improved information accu-
racy. A benefit breakdown structure, as shown in Figure 3, organizes the strategic objective,
its benefits, outcomes, actions, and deliverables. Strategic objectives are long-term goals,
benefits are the expected positive results, outcomes are the specific changes anticipated,
actions are the steps towards these goals, and deliverables are the tangible products of these
objectives. Ideally, there should be 5 to 8 CSFs focusing efforts on high-impact actions.
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Strategic Benefits Outcomes Actions Deliverables

Objective
How - <Why How - <Why How - <Why How - <Why How >

Figure 3. Benefits breakdown diagram.

To prioritize CSFs in BIM adoption for FM, the pairwise comparison method is rec-
ommended for evaluating their relative importance [73]. After ranking the CSFs, the team,
with key stakeholder involvement, defines the success metrics. This involves setting target
levels and practical evaluation methods for each criterion. KPIs for BIM implementation in
FM might include the BIM execution plan [42], time and cost savings [74], the collaboration
protocol [75], return on investment (ROI) [76], BIM maturity level [77], and integration
with other systems like CMMS and ERP [49]. An example is shown in Table 1. The choice
of KPIs should align with the organization’s specific goals for BIM adoption [78].

Table 1. KPIs for the BIM adoption of FM.

Areas

KPI Criterion Target Level  Flexibility

Manhour saved

Manhours saved retrieving information Hours per month 10 2

Manhours lost while locating incorrect

. . Hours per month 5 3
service locations

Cost savings

Percentage saved

. 5% 1%
on maintenance

Cost saved from reactive maintenance

Accurate
information handover

Incidents due to poor

handover of information Number per year 0 1

4.3. Planning the Change
4.3.1. Organize Stakeholder Engagement

Effective communication is critical for success and managing resistance. Stakeholder
engagement, involving all relevant parties like the FM team and senior management, is
essential. The change team should develop a roadmap with key milestones, ensuring stake-
holder involvement at each stage, particularly for significant BIM service integrations [68].

4.3.2. Plan Transition and Integration

In the development of the BIM model for FM, a phased approach is recommended,
where pilot projects focus on testing changes in specific services [79]. Acknowledging and
celebrating the successful integrations from these pilots is crucial, as the insights gained can
significantly guide broader implementation strategies. The change plan should be flexible,
emphasizing the regular delivery of results to sustain support and engagement [80].

4.4. Managing the Change Transition
4.4.1. Implement a Training Plan

Given BIM’s primary focus on design and construction, FM team members may
require extensive training [10]. The early initiation of this training helps ease resistance and
facilitate BIM adoption [81].
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4.4.2. Assessment Result and Benefits

The continuous assessment of the transition’s performance is crucial. This includes
evaluating work practice changes, skillset enhancements, and overall organizational perfor-
mance. Short-, medium-, and long-term goals should be set for BIM adoption, focusing on
reducing reliance on traditional data sources and fully integrating BIM into FM processes.

4.4.3. Adjustments to Address Deviations and Resistances

The change initiative, particularly in BIM-FM integration, must adapt at each mile-
stone, considering internal and external shifts that influence implementation and goal
fulfillment. Resistance is a natural response to change, often stemming from a preference
for the status quo over perceived risks [82]. Concerns about adapting to new operational
methods, managing the BIM system, increased workload, and organizational restructuring
contribute to this resistance.

The effective management of resistance is critical. A recommended approach is Kurt
Lewin’s force field analysis (Figure 4), which helps identify the driving and restraining
forces within an organization [82]. This analysis involves scoring these forces based on their
impact on the change process and strategizing them to strengthen positive forces while
mitigating resistance [83]. Incentivizing change, such as through rewards or recognition,
and ensuring proper training can facilitate acceptance and successful implementation.

Forces for Change Forces Against Change

2 3 4

e

Change Activity

/\ﬁA/&

L}vvv

Total:

Total:

Figure 4. Force field analysis tool.

4.5. Sustaining Change
4.5.1. Conduct Sensemaking Activities

To solidify the change, the FM and change teams must engage in sensemaking ac-
tivities. These include conducting interviews, workshops, and team meetings to foster a
comprehensive understanding of the transition’s impact. The goal is to seamlessly integrate
the changes, continually monitoring and adapting to feedback from all stakeholders, which
is crucial in ensuring the success and sustainability of the transition.

4.5.2. Assessing Benefits Realization

Assessing the realization of benefits is a critical component of sustaining change.
This assessment, conducted progressively, gauges the transition’s effectiveness in meeting
organizational objectives. By employing benefit maps and a structured benefits register
(depicted in Figure 5), the change team can effectively track and report the progress of each
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identified benefit, ensuring their alignment with the strategic goals. The benefits register,
while particularly relevant to multi-project initiatives, can be adapted for broader strategic
oversights in the context of an organization’s broader digital transformation agenda.

Business Expectation/

Strategic Objective Benefits Projects

Measure of Success
Reduce time spent on

Map Electrical Systems in
P ¥ documentation and

Revised FM the BIM 3D Model .
improve accuracy of data

workflow - -

Adopt maintenance Improve clarity on

. heduling i BIM i i
Implement BIM in | - scheduling into maintenance regime
L mprove
Facility Management P . . . Reduce resistance and

competencyin Training FM team in BIM . . .
staff equip staff with skillset

Figure 5. Benefits register.

4.6. Evaluation of Change Management Success

In this study, successful evaluation combines quantitative metrics like timeline ad-
herence, budget compliance, and BIM system performance with qualitative indicators,
including stakeholder satisfaction, employee engagement, and cultural fit. Regular audits
and stakeholder feedback are integral, enabling strategic adjustments for effective change
management in FM settings.

4.7. Stakeholder Engagement in Implementation

In the BIM implementation change process, key stakeholders such as the FM team
members, operational staff, contractors, managing agents, and senior management are
identified for their crucial roles and influences. Engagement methods include individual
interviews and workshops to address concerns, team meetings for consistent communica-
tion, and Electronic Direct Mails (EDMs) for updates and feedback. The project manager
is tasked with dedicating specific times for stakeholder interactions, focusing on struc-
tured feedback mechanisms to measure acceptance and confidence levels. This is achieved
through surveys and feedback forms post-engagement and regular review sessions to
assess feedback and adapt engagement strategies. This comprehensive approach ensures
that all stakeholder perspectives are integrated into the BIM implementation process.

4.8. Enhancing BIM Proficiency in FM Teams

When enhancing FM team members’ proficiency in BIM, our revised approach outlines
a comprehensive training plan comprising introductory sessions on BIM basics, interme-
diate courses on software usage, and advanced modules on BIM application in FM tasks.
This training is delivered by a combination of internal BIM experts and external specialized
consultants, utilizing a blend of online learning platforms, interactive workshops, and
practical hands-on sessions. To assess the transition’s success, we established the following
clear metrics: the adoption rate is tracked through the percentage increase in BIM usage
among team members, while the results and benefits are measured by tangible indicators
such as time efficiency and error reduction in FM operations. Regular assessments and
feedback sessions ensure continuous improvement and alignment with our strategic goals
of BIM’s integration in FM.

5. Conclusions and Recommendations

In this paper, we examined the impact of digital disruption in the built environment
industry, an area traditionally resistant to rapid change. Central to this transformation is
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Industry 4.0, introducing a series of innovations, with BIM emerging as a key technology.
This study focuses on developing the change management roadmap for BIM-enabled FM.

This research emphasizes that the integration of BIM in FM is nascent, yet it is progres-
sively garnering attention for its considerable potential advantages. The built environment
sector is increasingly focusing on BIM-FM integration, urging organizations to adapt to
digital transformation complexities and BIM integration.

To address these challenges, this paper proposes a change management roadmap,
blending traditional models with modern digital transformation frameworks. This roadmap,
developed through an extensive literature review, aims to guide organizations in adopting
BIM in FM by navigating digital disruption complexities.

This research answers key questions about BIM's current state in FM, developing a
strategic roadmap for BIM-enabled FM, and providing guidance for effective BIM utiliza-
tion in FM. This roadmap is adaptable, catering to diverse regulatory environments and
organizational cultures across countries.

In conclusion, the proposed roadmap offers a novel approach for BIM’s integration in
FM, outlining a five-step process for managing digital transformation. While versatile, it is
not customized to specific organizations, highlighting a potential area for future research.
As BIM’s role in FM evolves, the continual reassessment and validation of this roadmap
are essential, potentially through empirical studies.

5.1. Integration of BIM into FM and Best Practice
e  Specific Integration of BIM into FM

One of the pivotal ways BIM can be integrated into FM is through the adoption of
maintenance scheduling. By embedding maintenance schedules directly into the BIM
model, facility managers can gain real-time insights into upcoming maintenance tasks,
ensuring clarity and timely interventions. This not only streamlines the maintenance regime
but also aids in predictive maintenance, potentially extending the lifespan of building
components.

e  Equipping Staff and Reducing Resistance

A successful BIM integration requires a skilled workforce. Organizations should
invest in comprehensive training programs tailored to their staff’s current skill levels. By
demystifying BIM through hands-on training, resistance can be reduced, and staff can be
empowered to harness the full potential of BIM in their daily tasks.

e  Best Practices for BIM-FM adoption:

Stakeholder Engagement—Engage all stakeholders, from the top management to
ground-level staff, ensuring everyone understands the benefits and processes of BIM.

Pilot Projects—Before full-scale implementation, run pilot projects to identify the
potential challenges and refine the adoption process.

Continuous Training—BIM is an evolving field. Regular training sessions ensure that
the staff stay updated with the latest advancements.

e Change Management Strategies:

Clear Communication—Ensure that the reasons for BIM adoption and its benefits are
clearly communicated to all staff members.

Feedback Mechanism—Establish a feedback mechanism where staff can voice their
concerns and suggestions regarding BIM’s adoption.

Reward System—Recognize and reward staff who actively engage with and champion
the BIM adoption process.

e  Overcoming Implementation Challenges:

Resource Allocation—Dedicate resources, both in terms of manpower and capital,
specifically for BIM’s adoption.
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External Consultation—Engage with external BIM experts or consultants to guide the
implementation process.

Regular Review—Periodically review the BIM adoption process, making necessary
adjustments based on the challenges faced and feedback received.

5.2. Research Repicatiability

In order to replicate the research, it is necessary to follow certain steps and consider
certain factors. Firstly, delve deeply into related literature. Specifically, study the change
in digital business management and BIM-supported FM. This reveals existing knowledge
and research gaps. A detailed plan for gathering, processing data, and evaluating the
roadmap’s potential and validity is essential. Secondly, consider the research environment.
For instance, the feasibility of reproduction depends on a company’s ethos, size, structure,
and current systems. Enlist the help of key stakeholders in your research. Ensure the
drawn-up roadmap meets the organization’s needs. A small-scale study is useful here,
validating and refining the roadmap. Use this study’s data to strengthen and improve
your roadmap. Implement it in the company afterward. Lastly, assess how well the
roadmap helps move and develop the digital organization. Replicating this study is
influenced by different factors, including the research plan, context, and method. Ensure
your roadmap is practical, relevant, and effective for managing changes and assisting the
digital organization’s evolution.

5.3. Key Contributions

This study makes several significant contributions to the field of BIM-enabled and
change management. Firstly, a thorough review of the literature reveals the primary
barriers and challenges faced by organizations transitioning to BIM-enabled FM. This
understanding forms the foundation for addressing potential improvements in the digital
transformation processes within the built environment sector. Secondly, this research
develops a comprehensive roadmap for change management as a key output for BIM’s
adoption. This roadmap, constituted of five strategic steps, offers useful guidance for
organizations within the built environment sector, assisting in managing the complexities
associated with the transition to BIM-enabled FM. Furthermore, this study presents a unique
integration of traditional change management principles with BIM adoption in the context
of FM. This tailored approach plays a pivotal role in managing digital transformation
within the sector, providing a model that goes beyond generic change management models.
Lastly, this study underscores the need for additional empirical research to validate and
generalize the proposed roadmap. This contribution not only augments the existing body of
knowledge but also paves the way for future explorations in this field. Overall, this research
represents a significant advancement in the integration of BIM and change management
practices within the built environment sector.

5.4. Limitations and Cultural Considetations

The proposed roadmap, while comprehensive, may face challenges in settings with
limited resources or technical expertise. Organizations should assess their capabilities
and adjust the roadmap’s implementation accordingly. The adoption and success of our
roadmap may vary based on cultural and organizational nuances specific to different
countries. It is essential for organizations to tailor the roadmap, considering local practices,
values, and organizational structures to ensure its effectiveness.

Author Contributions: Conceptualization, Z.D.H.B. and Z.L.; Methodology, Z.D.H.B.; Resources,
Q.W,, C.C. and Z.L.; Writing—original draft, Z.D.H.B., Q.W., C.C., Z.L. and L.L.C.P; Writing—review
& editing, Q.W., C.C., ZL. and L.L.C.P; Visualization, R.L.K.T.; Supervision, Z.L., L.L.C.P. and
R.L.K.T,; Project administration, Z.L., L.L.C.P. and R.L.K.T. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.



Buildings 2024, 14, 27 11 of 13

Informed Consent Statement: Not applicable.
Data Availability Statement: The data presented in this study are available in the article.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Gartner Digital Disruption. Available online: https://www.gartner.com/en/information-technology/glossary/digital-
disruption (accessed on 30 November 2022).

2. Marocco, M.; Garofolo, I. Integrating Disruptive Technologies with Facilities Management: A Literature Review and Future
Research Directions. Autom. Constr. 2021, 131, 103917. [CrossRef]

3. McGraw-Hill Construction. The Business Value of BIM; McGraw-Hill Construction: New York, NY, USA, 2005.

4. Qu, Q.; Sun, W. Usage of 3D Point Cloud Data in BIM (Building Information Modelling): Current Applications and Challenges.
J. Civ. Eng. Archit. 2015, 9, 1269-1278. [CrossRef]

5. US National Institute of Building Sciences. National Building Information Modelling Standard, Version 1—Part 1: Overview, Principles,
and Methodologies, Glossary; US National Institute of Building Sciences: Washington, DC, USA, 2007.

6. Gao, X,; Pishdad-Bozorgi, P. BIM-Enabled Facilities Operation and Maintenance: A Review. Adv. Eng. Inform. 2019, 39, 227-247.
[CrossRef]

7. Codinhoto, R.; Kiviniemi, A.; Kemmer, S.; Gravina da Rocha, C. BIM-FM Implementation. Int. ]. 3-D Inf. Model. 2013, 2, 1-15.
[CrossRef]

8. Terreno, S.; Anumba, C.J.; Gannon, E.; Dubler, C. The Benefits of BIM Integration with Facilities Management: A Preliminary
Case Study. In Proceedings of the Computing in Civil Engineering 2015, Austin, TX, USA, 21-23 June 2015; pp. 675-683.

9.  Terreno, S.; Asadi, S.; Anumba, C. An Exploration of Synergies between Lean Concepts and BIM in FM: A Review and Directions
for Future Research. Buildings 2019, 9, 147. [CrossRef]

10. Dixit, M.K,; Venkatraj, V.; Ostadalimakhmalbaf, M.; Pariafsai, F.; Lavy, S. Integration of Facility Management and Building
Information Modeling (BIM). Facilities 2019, 37, 455-483. [CrossRef]

11.  Benn, M,; Stoy, C. BIM for CREM: Exploring the Benefit of Building Information Modelling for Facility Management in Corporate
Real Estate Management. Buildings 2022, 12, 400. [CrossRef]

12.  Péarn, E.A.; Edwards, D.J. Conceptualising the FinDD API Plug-in: A Study of BIM-FM Integration. Autom. Constr. 2017, 80, 11-21.
[CrossRef]

13. El Ammari, K.; Hammad, A. Remote Interactive Collaboration in Facilities Management Using BIM-Based Mixed Reality. Autom.
Constr. 2019, 107, 102940. [CrossRef]

14. Valinejadshoubi, M.; Moselhi, O.; Bagchi, A. Integrating BIM into Sensor-Based Facilities Management Operations. J. Facil. Manag.
2022, 20, 385-400. [CrossRef]

15.  Oraee, M.; Hosseini, M.R.; Papadonikolaki, E.; Palliyaguru, R.; Arashpour, M. Collaboration in BIM-Based Construction Networks:
A Bibliometric-Qualitative Literature Review. Int. J. Proj. Manag. 2017, 35, 1288-1301. [CrossRef]

16. Singh, V.; Gu, N.; Wang, X. A Theoretical Framework of a BIM-Based Multi-Disciplinary Collaboration Platform. Autom. Constr.
2011, 20, 134-144. [CrossRef]

17.  Al-Ashmori, Y.Y.; Othman, I.; Rahmawati, Y.; Amran, Y.H.M.; Sabah, S.H.A.; Rafindadi, A.D.; Mikié¢, M. BIM Benefits and Its
Influence on the BIM Implementation in Malaysia. Ain. Shams. Eng. J. 2020, 11, 1013-1019. [CrossRef]

18.  Chen, W,; Cheng, ].C.P; Tan, Y. BIM- and IoT-Based Data-Driven Decision Support System for Predictive Maintenance of Building
Facilities. In Innovative Production and Construction; World Scientific: Singapore, 2019; pp. 429-447.

19. Vass, S.; Gustavsson, T.K. Challenges When Implementing BIM for Industry Change. Constr. Manag. Econ. 2017, 35, 597-610.
[CrossRef]

20. Joseph Galli, B. Change Management Models: A Comparative Analysis and Concerns. IEEE Eng. Manag. Rev. 2018, 46, 124-132.
[CrossRef]

21. Project Management Institute. Managing Change in Organisations: A Practice Guide; Project Management Institute: Newton Square,
PA, USA, 2013.

22.  Liu, L.; Peh, A. Review and Scientometric Analysis of Global Building Information Modeling (BIM) Research in the Architecture,
Engineering and Construction (AEC) Industry. Buildings 2019, 9, 210. [CrossRef]

23. Matarneh, S.T.; Danso-Amoako, M.; Al-Bizri, S.; Gaterell, M.; Matarneh, R. Building Information Modeling for Facilities
Management: A Literature Review and Future Research Directions. J. Build. Eng. 2019, 24, 100755. [CrossRef]

24. Edirisinghe, R.; London, K.A,; Kalutara, P.; Aranda-Mena, G. Building Information Modelling for Facility Management: Are We
There Yet? Eng. Constr. Archit. Manag. 2017, 24, 1119-1154. [CrossRef]

25. Chu, M.; Matthews, J.; Love, PE.D. Integrating Mobile Building Information Modelling and Augmented Reality Systems: An
Experimental Study. Autom. Constr. 2018, 85, 305-316. [CrossRef]

26. Arayici, Y.; Coates, P.; Koskela, L.; Kagioglou, M.; Usher, C.; O'Reilly, K. BIM Adoption and Implementation for Architectural
Practices. Struct. Surv. 2011, 29, 7-25. [CrossRef]

27. Mannino, A.; Dejaco, M.C.; Re Cecconi, F. Building Information Modelling and Internet of Things Integration for Facility

Management—Literature Review and Future Needs. Appl. Sci. 2021, 11, 3062. [CrossRef]


https://www.gartner.com/en/information-technology/glossary/digital-disruption
https://www.gartner.com/en/information-technology/glossary/digital-disruption
https://doi.org/10.1016/j.autcon.2021.103917
https://doi.org/10.17265/1934-7359/2015.11.001
https://doi.org/10.1016/j.aei.2019.01.005
https://doi.org/10.4018/ij3dim.2013040101
https://doi.org/10.3390/buildings9060147
https://doi.org/10.1108/F-03-2018-0043
https://doi.org/10.3390/buildings12040400
https://doi.org/10.1016/j.autcon.2017.03.015
https://doi.org/10.1016/j.autcon.2019.102940
https://doi.org/10.1108/JFM-08-2020-0055
https://doi.org/10.1016/j.ijproman.2017.07.001
https://doi.org/10.1016/j.autcon.2010.09.011
https://doi.org/10.1016/j.asej.2020.02.002
https://doi.org/10.1080/01446193.2017.1314519
https://doi.org/10.1109/EMR.2018.2866860
https://doi.org/10.3390/buildings9100210
https://doi.org/10.1016/j.jobe.2019.100755
https://doi.org/10.1108/ECAM-06-2016-0139
https://doi.org/10.1016/j.autcon.2017.10.032
https://doi.org/10.1108/02630801111118377
https://doi.org/10.3390/app11073062

Buildings 2024, 14, 27 12 0f13

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.
43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Pérn, E.A.; Edwards, D.J.; Sing, M.C.P. The Building Information Modelling Trajectory in Facilities Management: A Review.
Autom. Constr. 2017, 75, 45-55. [CrossRef]

Motawa, I.; Almarshad, A. A Knowledge-Based BIM System for Building Maintenance. Autom. Constr. 2013, 29, 173-182.
[CrossRef]

Salzano, A.; Parisi, C.M.; Acampa, G.; Nicolella, M. Existing Assets Maintenance Management: Optimizing Maintenance
Procedures and Costs through BIM Tools. Autom. Constr. 2023, 149, 104788. [CrossRef]

Ma, X.; Chan, A.P.C.; Wu, H; Xiong, F; Dong, N. Achieving Leanness with BIM-Based Integrated Data Management in a Built
Environment Project. Constr. Innov. 2018, 18, 469—-487. [CrossRef]

Kang, T.W.; Hong, C.H. A Study on Software Architecture for Effective BIM/GIS-Based Facility Management Data Integration.
Autom. Constr. 2015, 54, 25-38. [CrossRef]

Valinejadshoubi, M.; Bagchi, A.; Moselhi, O. Development of a BIM-Based Data Management System for Structural Health
Monitoring with Application to Modular Buildings: Case Study. J. Comput. Civ. Eng. 2019, 33, 05019003. [CrossRef]

Wetzel, E.M.; Thabet, W.Y. The Use of a BIM-Based Framework to Support Safe Facility Management Processes. Autom. Constr.
2015, 60, 12-24. [CrossRef]

Kincaid, D. Adapting Buildings for Changing Uses Guidelines for Change of Use Refurbishment; Taylor & Francis: Oxfordshire, UK,
2022.

Cabinet Office Government Soft Landings. Available online: https://www.cdbb.cam.ac.uk/system/files/documents/
GovernmentSoftLandingsExecutiveSummary.pdf (accessed on 30 November 2022).

Lee, S.-K.; An, H.-K,; Yu, J.-H. An Extension of the Technology Acceptance Model for BIM-Based FM. In Proceedings of the
Construction Research Congress 2012, West Lafayette, IN, USA, 21-23 May 2012; American Society of Civil Engineers: Reston,
VA, USA, 2012; pp. 602-611.

Kula, B.; Ergen, E. Implementation of a BIM-FM Platform at an International Airport Project: Case Study. J. Constr. Eng. Manag.
2021, 147, 05021002. [CrossRef]

Jordani, D.A. BIM and FM: The Portal to Lifecycle Facility Management. |. Build. Inf. Model. 2010, 6, 13-16.

Matthews, J.; Love, PE.D.; Mewburn, J.; Stobaus, C.; Ramanayaka, C. Building Information Modelling in Construction: Insights
from Collaboration and Change Management Perspectives. Prod. Plan. Control 2018, 29, 202-216. [CrossRef]

Liao, L.; Ai Lin Teo, E. Organizational Change Perspective on People Management in BIM Implementation in Building Projects.
J. Manag. Eng. 2018, 34, 04018008. [CrossRef]

Naghshbandi, S.N. BIM for Facility Management: Challenges and Research Gaps. Civ. Eng. J. 2016, 2, 679-684. [CrossRef]
Kassem, M.; Kelly, G.; Dawood, N.; Serginson, M.; Lockley, S. BIM in Facilities Management Applications: A Case Study of a
Large University Complex. Built Environ. Proj. Asset Manag. 2015, 5, 261-277. [CrossRef]

Anderson, A.; Marsters, A.; Dossick, C.S.; Neff, G. Construction to Operations Exchange: Challenges of Implementing COBie and
BIM in a Large Owner Organization. In Proceedings of the Construction Research Congress 2012: Construction Challenges in a
Flat World, West Lafayette, IN, USA, 21-23 May 2012; pp. 688-697. [CrossRef]

Kiviniemi, A.; Codinhoto, R. Challenges in the Implementation of BIM for FM—Case Manchester Town Hall Complex. In
Proceedings of the Computing in Civil and Building Engineering (2014), Orlando, FL, USA, 23-25 June 2014; pp. 665-672.
Kelly, G.; Serginson, M.; Lockley, S.; Dawood, N.; Kassem, M. BIM for Facility Management: A Review and a Case Study
Investigating the Value and Challenges. In Proceedings of the 13th International Conference on Construction Applications of
Virtual Reality, London, UK, 30-31 October 2013; pp. 30-31.

Becerik-Gerber, B.; Jazizadeh, F; Li, N.; Calis, G. Application Areas and Data Requirements for BIM-Enabled Facilities Manage-
ment. J. Constr. Eng. Manag. 2012, 138, 431-442. [CrossRef]

Azhar, S.; Khalfan, M.; Magsood, T. Building Information Modelling (BIM): Now and Beyond. Constr. Econ. Build. 2015, 12, 15-28.
[CrossRef]

Love, PE.D.; Matthews, J.; Simpson, I; Hill, A.; Olatunji, O.A. A Benefits Realization Management Building Information Modeling
Framework for Asset Owners. Autom. Constr. 2014, 37, 1-10. [CrossRef]

Kivits, R.A.; Furneaux, C. BIM: Enabling Sustainability and Asset Management through Knowledge Management. Sci. World ].
2013, 2013, 983721. [CrossRef]

Elmualim, A.; Gilder, J. BIM: Innovation in Design Management, Influence and Challenges of Implementation. Archit. Eng. Des.
Manag. 2014, 10, 183-199. [CrossRef]

Eadie, R.; Browne, M.; Odeyinka, H.; McKeown, C.; McNiff, S. BIM Implementation throughout the UK Construction Project
Lifecycle: An Analysis. Autom. Constr. 2013, 36, 145-151. [CrossRef]

Beach, T.; Petri, I.; Rezgui, Y.; Rana, O. Management of Collaborative BIM Data by Federating Distributed BIM Models. J. Comput.
Civ. Eng. 2017, 31, 04017009. [CrossRef]

Talebi, S. Exploring Advantages and Challenges of Adaptation and Implementation of Bim. In Proceedings of the 2nd BIM
International Conference on Challenges to Overcome, Lisbon, Portugal, 10 October 2014; pp. 1-20.

Azhar, S. Building Information Modeling (BIM): Trends, Benefits, Risks, and Challenges for the AEC Industry. Leadersh. Manag.
Eng. 2011, 11, 241-252. [CrossRef]

Volk, R.; Stengel, J.; Schultmann, F. Building Information Modeling (BIM) for Existing Buildings—Literature Review and Future
Needs. Autom. Constr. 2014, 38, 109-127. [CrossRef]


https://doi.org/10.1016/j.autcon.2016.12.003
https://doi.org/10.1016/j.autcon.2012.09.008
https://doi.org/10.1016/j.autcon.2023.104788
https://doi.org/10.1108/CI-10-2017-0084
https://doi.org/10.1016/j.autcon.2015.03.019
https://doi.org/10.1061/(ASCE)CP.1943-5487.0000826
https://doi.org/10.1016/j.autcon.2015.09.004
https://www.cdbb.cam.ac.uk/system/files/documents/GovernmentSoftLandingsExecutiveSummary.pdf
https://www.cdbb.cam.ac.uk/system/files/documents/GovernmentSoftLandingsExecutiveSummary.pdf
https://doi.org/10.1061/(ASCE)CO.1943-7862.0002025
https://doi.org/10.1080/09537287.2017.1407005
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000604
https://doi.org/10.28991/cej-2016-00000067
https://doi.org/10.1108/BEPAM-02-2014-0011
https://doi.org/10.1061/9780784412329.070
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000433
https://doi.org/10.5130/AJCEB.v12i4.3032
https://doi.org/10.1016/j.autcon.2013.09.007
https://doi.org/10.1155/2013/983721
https://doi.org/10.1080/17452007.2013.821399
https://doi.org/10.1016/j.autcon.2013.09.001
https://doi.org/10.1061/(ASCE)CP.1943-5487.0000657
https://doi.org/10.1061/(ASCE)LM.1943-5630.0000127
https://doi.org/10.1016/j.autcon.2013.10.023

Buildings 2024, 14, 27 13 0f 13

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.
77.

78.

79.

80.

81.

82.

83.

Mignard, C.; Nicolle, C. Merging BIM and GIS Using Ontologies Application to Urban Facility Management in ACTIVe3D.
Comput. Ind. 2014, 65, 1276-1290. [CrossRef]

Arayici, Y.; Coates, P.; Koskela, L.; Kagioglou, M.; Usher, C.; O’Reilly, K. Technology Adoption in the BIM Implementation for
Lean Architectural Practice. Autom. Constr. 2011, 20, 189-195. [CrossRef]

Wang, Y.; Wang, X.; Wang, J.; Yung, P.; Jun, G. Engagement of Facilities Management in Design Stage through BIM: Framework
and a Case Study. Adv. Civ. Eng. 2013, 2013, 189105. [CrossRef]

Goedert, ].D.; Meadati, P. Integrating Construction Process Documentation into Building Information Modeling. J. Constr. Eng.
Manag. 2008, 134, 509-516. [CrossRef]

Jung, Y,; Joo, M. Building Information Modelling (BIM) Framework for Practical Implementation. Autom. Constr. 2011, 20,
126-133. [CrossRef]

Kasprzak, C.; Ramesh, A.; Dubler, C. Developing Standards to Assess the Quality of BIM Criteria for Facilities Management. In
Proceedings of the AEI 2013, State College, PA, USA, 3-5 April 2013; pp. 680-690.

Liu, R,; Issa, R.R.A. Issues in BIM for Facility Management from Industry Practitioners” Perspectives. In Proceedings of the
Computing in Civil Engineering, Los Angeles, CA, USA, 23-25 June 2013; pp. 411-418.

Mayo, G.; Giel, B.; Issa, RR.A. BIM Use and Requirements among Building Owners. In Proceedings of the Computing in Civil
Engineering (2012), Clearwater Beach, FL, USA, 17-20 June 2012; pp. 349-356.

Vanlande, R.; Nicolle, C.; Cruz, C. IFC and Building Lifecycle Management. Autom. Constr. 2008, 18, 70-78. [CrossRef]

Thiry, M. Program Management, 2nd ed.; Routledge: London, UK, 2016; ISBN 9781351965545.

Prosci Prosci 3-Phase Process. Available online: https://www.prosci.com/methodology/3-phase-process (accessed on 2 Decem-
ber 2023).

Building and Construction Authority (BCA). BIM Guide for Asset Information Delivery; Building and Construction Authority (BCA):
Singapore, 2018.

Errida, A.; Lotfi, B. The Determinants of Organizational Change Management Success: Literature Review and Case Study. Int. J.
Eng. Bus. Manag. 2021, 13, 184797902110162. [CrossRef]

Guolaugsson, B.; Fazeli, R.; Gunnarsdoéttir, I.; Davidsdottir, B.; Stefansson, G. Classification of Stakeholders of Sustainable Energy
Development in Iceland: Utilizing a Power-Interest Matrix and Fuzzy Logic Theory. Energy Sustain. Dev. 2020, 57, 168-188.
[CrossRef]

Price, A.D.F,; Chahal, K. A Strategic Framework for Change Management. Constr. Manag. Econ. 2006, 24, 237-251. [CrossRef]
Sun, H.; Ni, W.; Lam, R. A Step-by-Step Performance Assessment and Improvement Method for ERP Implementation: Action
Case Studies in Chinese Companies. Comput. Ind. 2015, 68, 40-52. [CrossRef]

Patel, T.; Bapat, H.; Patel, D.; van der Walt, ].D. Identification of Critical Success Factors (CSFs) of BIM Software Selection: A
Combined Approach of FCM and Fuzzy DEMATEL. Buildings 2021, 11, 311. [CrossRef]

Abbas, M.A.; Ajayi, S.0.; Oyegoke, A.S.; Alaka, H. A Cloud-Based Collaborative Ecosystem for the Automation of BIM Execution
Plan (BEP). J. Eng. Des. Technol. 2022, 1-19. [CrossRef]

Kassem, M.; Igbal, N.; Kelly, G.; Lockley, S.; Dawood, N. Building Information Modelling: Protocols for Collaborative Design
Processes. J. Inf. Technol. Constr. 2014, 19, 126-149.

Teicholz, P. BIM for Facility Manager; John Wiley & Sons, Inc.: Hoboken, NJ, USA, 2013.

Codinhoto, R.; Kiviniemi, A. BIM for FM: A Case Support for Business Life Cycle. In Proceedings of the Product Lifecycle
Management for a Global Market—PLM 2014, Yokohama, Japan, 7-9 July 2014; pp. 63-74.

Khanzadi, M.; Sheikhkhoshkar, M.; Banihashemi, S. BIM Applications toward Key Performance Indicators of Construction
Projects in Iran. Int. J. Constr. Manag. 2020, 20, 305-320. [CrossRef]

Lin, Y.C.; Hsu, Y.T.; Hu, H.T. BIM Model Management for BIM-Based Facility Management in Buildings. Adv. Civ. Eng. 2022,
2022,1901201. [CrossRef]

McHugh, R.K.; Barlow, D.H. The Dissemination and Implementation of Evidence-Based Psychological Treatments: A Review of
Current Efforts. Am. Psychol. 2010, 65, 73-84. [CrossRef]

Wang, H.; Meng, X.; McGetrick, PJ. Early Contractor and Facility Management Team Involvement in the BIM Environment.
Period. Polytech. Archit. 2018, 49, 47-58. [CrossRef]

Borrmann, A.; Forster, C.; Liebich, T.; Kénig, M.; Tulke, ]. Germany’s Governmental BIM Initiative—The BIM4INFRA2020 Project
Implementing the BIM Roadmap. In Proceedings of the 18th International Conference on Computing in Civil and Building
Engineering (ICCCBE), Sao Paulo, Brazil, 18-20 August 2020; pp. 452-465.

Bovey, WH.; Hede, A. Resistance to Organisational Change: The Role of Defence Mechanisms. |. Manag. Psychol. 2001, 16,
534-548. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.compind.2014.07.008
https://doi.org/10.1016/j.autcon.2010.09.016
https://doi.org/10.1155/2013/189105
https://doi.org/10.1061/(ASCE)0733-9364(2008)134:7(509)
https://doi.org/10.1016/j.autcon.2010.09.010
https://doi.org/10.1016/j.autcon.2008.05.001
https://www.prosci.com/methodology/3-phase-process
https://doi.org/10.1177/18479790211016273
https://doi.org/10.1016/j.esd.2020.06.006
https://doi.org/10.1080/01446190500227011
https://doi.org/10.1016/j.compind.2014.12.005
https://doi.org/10.3390/buildings11070311
https://doi.org/10.30684/etj.2022.135012.1256
https://doi.org/10.1080/15623599.2018.1484852
https://doi.org/10.1155/2022/1901201
https://doi.org/10.1037/a0018121
https://doi.org/10.3311/PPar.12693
https://doi.org/10.1108/EUM0000000006166

	Introduction 
	Research Question and Method 
	Theoretical Framework 

	State of the Art: BIM for FM 
	The Role of BIM in FM 
	Challenges in Digital Transformation for BIM-Enabled FM 
	Change Management Strategies in BIM-FM Adoption 
	Gaps in Current Research and Practice 

	Methodology 
	Literature Review 
	Roadmap Formulation 
	Validation and Generalization 

	Proposed Change Management Roadmap for BIM-Enabled FM 
	Organizing a Change Team 
	Strong Leadership 
	Change Management Team 

	Formulating the Change 
	Identify and Define the Need for Change 
	Delineating Scope of Change 

	Planning the Change 
	Organize Stakeholder Engagement 
	Plan Transition and Integration 

	Managing the Change Transition 
	Implement a Training Plan 
	Assessment Result and Benefits 
	Adjustments to Address Deviations and Resistances 

	Sustaining Change 
	Conduct Sensemaking Activities 
	Assessing Benefits Realization 

	Evaluation of Change Management Success 
	Stakeholder Engagement in Implementation 
	Enhancing BIM Proficiency in FM Teams 

	Conclusions and Recommendations 
	Integration of BIM into FM and Best Practice 
	Research Repicatiability 
	Key Contributions 
	Limitations and Cultural Considetations 

	References

