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Featured Application

This study explores the application of BIM and AI tools to minimize construction time
and enhance project management by streamlining data organization, enabling predic-
tive modeling, and facilitating proactive, data-driven decision-making. By addressing
critical challenges such as fragmented records, regulatory compliance, and resource al-
location, these technologies pave the way for more efficient workflows and optimized
renovation outcomes.

Abstract

Digital transformation powered by Building Information Modeling (BIM) and Artificial
Intelligence (AI) is reshaping renovation practices by addressing persistent challenges such
as fragmented records, scheduling disruptions, regulatory delays, and inefficiencies in
stakeholder coordination. This study explores the integration of these technologies through
a case study of a Catholic church renovation (2022–2023) in Hong Kong, supplemented
by insights from 10 comparable projects. The research proposes a practical framework for
incorporating digital tools into renovation workflows that focuses on diagnosing challenges,
defining objectives, selecting appropriate BIM/AI tools, designing an integrated system,
and combining implementation, monitoring, and scaling into a cohesive iterative process.
Key technologies include centralized BIM repositories, machine learning-based predictive
analytics, Internet of Things (IoT) sensors, and robotic process automation (RPA). The
findings show that these tools significantly improve data organization, proactive planning,
regulatory compliance, stakeholder collaboration, and overall project efficiency. While
qualitative in nature, this study offers globally relevant insights and actionable strategies
for advancing digital transformation in renovation practices, with a focus on scalability,
continuous improvement, and alignment with regulatory frameworks.

Keywords: AI; BIM; digital transformation; renovation; sustainable building practices

1. Introduction
The building maintenance and renovation sector is undergoing a transformative shift

driven by the integration of digital technologies. In the context of the Industry 4.0 era,
Building Information Modeling (BIM) and Artificial Intelligence (AI) have emerged as
pivotal tools to address persistent challenges such as fragmented historical records, regu-
latory compliance, inefficient resource allocation, and project delays [1,2]. It is submitted
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that these technologies may provide a centralized platform for data organization, predic-
tive modeling, and proactive decision-making, thereby enhancing project outcomes and
promoting sustainable practices for building maintenance [3].

The possible impact of this transformation is particularly significant in dense urban
environments like Hong Kong, where aging infrastructure and stringent regulatory require-
ments necessitate innovative approaches to building management. The Urban Renewal
Authority (URA) of Hong Kong has outlined guidelines and templates for maintenance
manuals [4], yet the adoption of digital tools remains limited, especially in the private sector.
Traditional practices, characterized by manual data handling and fragmented workflows,
fail to meet the demands of modern renovation projects, resulting in inefficiencies and
increased costs.

Existing research highlights the potential of BIM and AI to revolutionize construction
and maintenance practices. BIM serves as a collaborative digital platform, enabling real-
time visualization and coordination among stakeholders, while the AI models, such as
Machine Learning (ML) and Deep Learning (DL), analyze historical data to optimize
scheduling, predict risks, and enhance resource allocation. Despite these advancements,
barriers such as high implementation costs, lack of technical expertise, and resistance to
change have hindered their widespread adoption, particularly in renovation projects of
private buildings in Hong Kong [5].

This study investigates the role of digitalization, BIM, and AI in transforming building
maintenance and renovation processes. Through a qualitative approach, including a case
study of a Catholic church building with educational and administrative use in Hong
Kong extensively renovated between 2022 and 2023, the research examines how these
technologies address key industry challenges. The study also explores the integration
of predictive modeling and weather forecasting data to enhance proactive planning and
mitigate potential delays.

By examining meeting records, maintenance histories, and regulatory frameworks,
this paper highlights the synergistic potential of BIM and AI in streamlining workflows,
minimizing errors, and enhancing project timelines. The research makes a significant
contribution to the evolving discourse on smart building management, providing actionable
insights for implementing resilient, cost-effective, and sustainable digital solutions.

While this study focuses on Hong Kong as a representative case, the challenges and
opportunities presented by digital transformation in building maintenance are echoed
globally. Many urban centers around the world face similar issues: aging infrastructure,
complex regulatory environments, and fragmented data management, which hinder ef-
ficient building upkeep and renovation. Internationally, the adoption of BIM and AI is
gaining momentum as governments and industry stakeholders recognize their capacity
to improve transparency, foster collaboration, and optimize lifecycle management. The
regulatory frameworks and digitalization efforts observed in Hong Kong closely parallel
trends in other major cities, underscoring the global relevance of integrating advanced
technologies into building maintenance practices [1,3].

2. Literature Review
BIM and AI have been pivotal in driving the digital transformation of the Architec-

ture, Engineering, and Construction (AEC) industry, enabling more sustainable building
practices and advancing smart city development. By combining digital modelling with
intelligent analytics, these technologies enhance project quality by improving transparency,
fostering collaboration, and increasing efficiency, thereby establishing a foundation for a
connected and data-driven built environment [6].
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A set of emerging and disruptive technologies, most notably the Internet of Things
(IoT), 5G, Virtual/Augmented Reality (VR/AR), and Digital Twins (DT), further expand
capabilities in design, construction, and operations. IoT enables real-time data collection
and monitoring; VR/AR and DT support immersive visualization, coordination, and
operational simulations that improve collaboration and sustainability, including energy
optimization, predictive maintenance, and lifecycle assessments. Realizing these benefits at
scale requires overcoming persistent issues such as interoperability, high implementation
costs, and change resistance among stakeholders [7,8].

Policy environments increasingly influence adoption trajectories. For example, in
Hong Kong, BIM has been mandated for public works above specified thresholds since
2018 to drive productivity, safety, and delivery performance [9]. Despite this momentum,
private-sector uptake remains constrained by high upfront costs, limited funding, uncertain
return on investment (ROI), and market dynamics that favor lowest-bid procurement,
shifting near-term burdens to contractors while long-term gains accrue to owners [10–12].
Experience from Chinese Mainland suggests that mandates, financial incentives, standard-
ized training, and maturing national standards can accelerate diffusion and capability
building. Government-led BIM standards and Common Data Environments, comple-
mented by tax incentives and mandatory training, illustrate coordinated, policy-driven
approaches to overcome cost and change barriers and to scale consistent, collaborative
practices [13–20].

Technological advances are reshaping workflows of building renovation. BIM struc-
tures asset information and streamlines maintenance; AI—especially ML—adds predictive
analytics for proactive decisions; DT enables real-time monitoring and lifecycle manage-
ment; IoT connects systems for fault detection and energy optimization; and Generative
Design (GD) algorithmically explores solutions under constraints such as cost and efficiency.
Collectively, these tools enable scenario testing, continuous condition sensing, and optimiza-
tion, thereby improving sustainability outcomes [21,22], planning and execution [23–28] in
renovation contexts.

However, sector-wide adoption still faces common impediments: high initial invest-
ments in software, hardware, and training; shortages of skilled personnel; organizational re-
sistance to change; and interoperability hurdles across heterogeneous systems. Addressing
these barriers requires coordinated actions, including public–private partnerships, targeted
financial support, capability-building programs, and research into scalable, standards-
based frameworks that can be deployed by small- and medium-sized firms as well as large
enterprises [29–32].

These global and regional trends converge on the practical demands of building
upkeep in dense, aging urban environments. In Hong Kong, the Building Management
Ordinance (BMO, Cap. 344) and the Property Management Services Ordinance (PMSO)
establish expectations for preventive maintenance, financial planning, and compliance,
promoting transparency and accountability while recognizing administrative constraints
among smaller firms [4,33–37]. Digitalization strengthens this governance context: BIM
centralizes collaboration and data exchange; predictive analytics anticipates maintenance
needs and optimizes resource allocation; and data-aligned workflows improve auditabil-
ity and compliance. When aligned to BMO/PMSO expectations, these digital tools can
directly address fragmented records, coordination inefficiencies, and reactive maintenance
practices—moving management regimes toward systematic, transparent, and proactive
operation [21,38].
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3. Methodology
The research methodology adopted in this study employs a qualitative approach to

address the research objectives and hypotheses, focusing on the role of digital transforma-
tion in building renovation, with specific implications from Hong Kong. The methodology
consists of three interconnected components: a literature review, a case study analysis,
and validation through interviews and literature synthesis, as illustrated in Figure 1. The
case study provides empirical insights into theoretical concepts and principles, offering a
practical lens to examine the application of digital transformation strategies. Interviews
are used to identify challenges and opportunities in the adoption of digital tools, while
also validating findings from literature and case study. This approach ensures a nuanced
understanding of the broader implications of digital transformation in building renovation,
emphasizing context-specific insights without overgeneralization [1,39].

Figure 1. Research process.

The data collection process integrates both primary and secondary sources to provide
a comprehensive evaluation of the impact of digital transformation in building mainte-
nance [40]. Primary data were gathered through in-depth interviews with a local renovation
contractor, who has over 15 years of expertise in building renovation, including mainte-
nance and mandatory building inspection works. While the company has encouraged its
staff to participate in training programs related to BIM, these technologies have not yet
been fully integrated into their workflows.

The church renovation project served as a focal case study to identify specific opera-
tional challenges in building renovation, such as fragmented historical records, weather-
related scheduling disruptions, and approval delays. These challenges were validated and
expanded upon through semi-structured interviews with contractors and project docu-
mentation from 10 additional renovation projects. The church case provided a detailed
lens to examine real-world issues, enabling the triangulation of findings across multiple
data sources. This integration ensures that the challenges identified are both grounded in
specific case data and broadly representative of industry trends.

This study utilized a qualitative approach, incorporating the semi-structured inter-
views and an extensive document review to explore the challenges and opportunities
associated with digital transformation in building renovation projects. The interviews were
conducted with two senior directors (D1 and D2) from a focal renovation contractor, each
having over 15 years of industry experience. Each interview lasted approximately 60 min
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and employed open-ended questions. The directors’ commitment to improving project
quality and adopting innovative practices provided valuable insights into the practical
barriers and opportunities for digital adoption in the renovation sector.

The interview data were supplemented with a comprehensive review of project
documentation from ten representative renovation projects, with budgets ranging from
USD 0.7 to 1.3 million. This included 24 sets of site meeting minutes, client feedback
(both positive and negative), and complaint logs, as well as maintenance histories, non-
conformance reports, and procurement records. The triangulation of interview insights
with project records ensured consistency and enhanced the credibility of the findings.

Thematic coding of the data identified recurring challenges, including “fragmented
records”, “coordination inefficiencies”, and “approval delays”. These themes were cross-
referenced with project documentation to validate and deepen the analysis. By focusing
on projects with similar scopes, such as mandatory inspection requirements, building
typologies, and levels of complexity, the study identified robust cross-case patterns. This
analytical approach provided actionable insights into how digital tools, including BIM and
AI, could address operational inefficiencies and improve project outcomes.

The interviews offer valuable qualitative insights into the practical challenges, limita-
tions, and opportunities associated with adopting digital technologies within traditional
renovation processes. Through thematic analysis of interview notes, we derived first-order
codes (e.g., “missing records”, “weather delays”, “approval loops”) and aggregated them
into broader themes. These themes were then cross-checked against project documentation—
including meeting minutes, non-conformance reports, and client feedback—to validate
findings through triangulation. The convergence between interview claims and docu-
mented incidents strengthened the reliability of our inferences. Deviant cases (e.g., a project
with unusually fast completion) were analyzed to refine theme boundaries rather than
excluded, ensuring comprehensive understanding of the phenomena.

Building on these empirical findings and the literature review, we identified specific
applications where digital tools could address the observed challenges. For instance, ML
algorithms could analyze extensive datasets of building characteristics, similar to the
fragmented records identified in our interviews. When combined with cost–benefit analysis
models, these digital tools could support strategic planning of building renovations [24,41].

To ensure clarity and support the analysis, the contractor’s background and relevant
data are systematically summarized in Table 1.

Table 1. Profile of the Contractor in the Case Study.

Category Details

Key Services

1. Interior and exterior wall refurbishment and repairs.
2. Drainage system repairs and replacements.
3. Electrical system upgrades and maintenance.
4. Fire safety compliance and system installation.
5. Waterproofing works.
6. Lift lobby and lobby renovations.

Experience

15 years of experience in building renovation and
maintenance, specializing in government and private projects,
with familiarity in policies and statutory requirements from
departments like Buildings Department (BD), Fire Services
Department (FSD) and Electrical Mechanical Services
Department (EMSD).
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Table 1. Cont.

Category Details

Licenses and Certifications

1. Registered General Building Contractor (RGBC) License.
2. Registered Electrical Contractor License (EMSD).
3. Grade I/II Fire Service Contractor License (FSD).
4. ISO Management Systems: ISO 9001 [42], ISO 14001 [43],

and ISO 45001 [44].

Strengths

1. Strong technical team with extensive experience.
2. Adherence to government regulations and client

requirements.
3. On-time project completion with high-quality standards.
4. High financial stability with no legal disputes recorded.

Clients
1. Private building owners,
2. Incorporated owners’ corporations, and
3. Public entities.

Based on the literature review above, we have proposed two hypotheses and three
research questions (as illustrated in Table 2) to attain the research objective:

Table 2. Alignment of Literature Review Findings with Hypotheses and Research Questions.

Literature Review Findings Hypotheses Research Questions (RQs)

High adoption barriers: Upfront
costs and uncertain ROI (esp. for
SMEs); Skills shortages,
interoperability issues; Resistance to
change, lowest-bid
procurement [5,10,14,15]

Hypothesis 1: Hesitation to adopt
BIM and AI is due to barriers like
costs, skills, and resistance.

RQ1: What are the primary
challenges in adopting BIM and
AI. . .?

Demonstrated benefits of BIM/AI:
BIM enables centralized data, 4D/5D
integration; AI/ML enhances
predictive scheduling, cost control,
risk mitigation; Improved
collaboration [6,10,24,26]

Hypothesis 2: BIM and AI
integration improves timelines, costs,
and regulatory compliance.

RQ2: How do BIM and AI improve
efficiency, cost optimization, and
collaboration in renovation projects?

Regulatory frameworks and
compliance: BMO, PMSO, URA
guidelines/templates: Provide
structure for documentation,
maintenance, safety,
auditability [4,9,33,35]

Hypothesis 2: BIM and AI
integration improves timelines, costs,
and regulatory compliance.

RQ3: Can a framework be developed
to integrate BIM and AI tools into
renovation workflows, enhancing
project quality?

Standardized training, and BIM
standards reduce application barriers
and promote adoption of
BIM/AI technologies.

Hypothesis 1: Hesitation to adopt
BIM and AI is due to barriers like
costs, skills, and resistance.

RQ1: What are the primary
challenges in adopting BIM and AI,
and how can these barriers
be mitigated?

To investigate how the integration of BIM and AI can address the challenges of
building maintenance and renovation in Hong Kong, with a focus on improving project
timelines, optimizing costs, enhancing stakeholder collaboration, and ensuring compli-
ance with regulatory and safety standards, thereby promoting sustainable and resilient
renovation practices.

Hypotheses:

1. Contractors and property managers in Hong Kong exhibit hesitation in adopting BIM
and AI tools for private building renovation due to barriers such as high costs, lack of
technical expertise, and resistance to change.
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2. The integration of BIM and AI in building renovation projects significantly improves
project timelines, reduces lifecycle costs, and enhances compliance with safety and
regulatory standards.

Research Questions:

1. What are the primary challenges in adopting BIM and AI in private building renova-
tion projects in Hong Kong, and how can these barriers be mitigated?

2. How do BIM and AI contribute to project management efficiency, cost optimization,
and stakeholder collaboration in renovation projects?

3. Can a framework be developed to integrate BIM and AI tools into renovation work-
flows, enhancing project quality?

The case study focuses on the renovation project of the external walls of a building
used for education and administration Hong Kong. With a project budget of approximately
USD 1 million, the renovation, undertaken between 2022 and 2023, involved extensive
repair works, including 5000 m2 of built surface, external wall repairs, lobby renovation,
material provision and safety measures. The project duration is 12 months.

The study applies a structured methodology, as outlined in Figure 1, to identify and
analyze challenges in building renovation and maintenance projects. This involves thematic
analysis of interview responses and content analysis of project documents, enabling the
identification of recurring issues such as ‘coordination inefficiencies’, ‘regulatory delays’,
and ‘data fragmentation’. Qualitative data from project communications (e.g., meeting
minutes, client feedback, and complaint logs) were systematically coded and categorized
into key themes. This iterative process, grounded in prior literature and aligned with
the study’s research objectives, ensures a comprehensive understanding of operational
challenges and the potential for digital interventions. By triangulating findings across
multiple data sources, the study establishes a replicable framework for advancing sustain-
able and efficient practices in building renovation and maintenance. To ensure accuracy
and relevance, member checking was conducted by sharing preliminary findings with
interview participants, allowing them to review and validate the interpretations of their
input. Thematic analysis was conducted through a systematic coding process, where initial
first-order codes (e.g., ‘fragmented records’, ‘weather delays’) were iteratively refined and
aggregated into broader themes. This iterative approach ensured consistency, credibility,
and alignment between the data and the overarching research objectives.

4. Analysis and Results
From the case study and ten similar projects, we highlight key operational challenges

and their implications for renovation workflows. Ten recurring issues are analyzed along-
side potential digital interventions using BIM and AI tools. Each challenge is linked to
targeted solutions, emphasizing their role in improving project efficiency and compliance
within regulatory framework.

With reference to our literature review, the interviews and records reveal several
context-specific challenges and adaptive strategies in Hong Kong’s private renovation
market that are not fully captured by prior studies, including:

(i) the operational impact of legacy record fragmentation on statutory submissions and
variation claims;

(ii) the role of weather volatility on short-run scheduling of external works;
(iii) approval bottlenecks arising from bespoke material selections in heritage-like

settings; and
(iv) pragmatic workarounds (e.g., WhatsApp-based coordination) that partially compen-

sate for the absence of integrated digital environments.
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Some excerpts from the interview:
D1: “For a 30-year-old block, old repair records were referred to. They’re usually in

boxes with no index. When the client asked, ‘why is this variation of order proposed?’, we
struggled to provide supporting documents with evidence”.

D2: “External wall works are weather-sensitive. Two or three unexpected rainy days
or typhoon push inspections and paint curing. . .Clients like special tiles or tailor-made
window glass. Getting consultant approval takes time; small changes may require re-
submittals and discussion with clients; and delayed deliveries”.

4.1. Key Challenges in the Selected Renovation Projects

While prior research highlights generic barriers to AI adoption, such as high costs,
skill shortages, and resistance to change, this study identifies unique operational challenges
in building maintenance and renovation. These include fragmented records disrupting
workflows, weather-induced scheduling issues, delays in approving bespoke materials,
and reliance on unstructured communication channels, all of which digital interventions
may be addressed.

We identify ten operational challenges in renovation projects and link them to practical
digital solutions, offering actionable recommendations for improvement. Key examples
include implementing centralized BIM repositories to address fragmented records, with
predictive analytics and AI models to mitigate weather-induced schedule disruptions, using
automated workflows to reduce approval delays, and adopting structured communication
platforms to enhance traceability and accountability. By addressing these challenges with
targeted digital interventions, the study demonstrates how AI and BIM tools can streamline
workflows, resolve inefficiencies, and optimize project outcomes.

(1) Fragmented Historical Records

Observed Issue: Incomplete or inconsistent access to maintenance logs and records of
past remedial works led to significant uncertainty during project scoping and hindered the
ability to substantiate variation claims. Meeting minutes frequently highlighted repeated
requests for critical information, such as prior waterproofing techniques, which were
poorly documented.

Interview Excerpt (D1): “We discovered a previous patch repair only after opening up
the roof. This caused delays and additional work to reassess the situation.

In the church building renovation case, incomplete records of past repair works led
to significant delays in scoping and decision-making. For example, prior waterproofing
techniques were poorly documented, requiring additional investigations to determine the
appropriate remedial measures. This issue is consistent with challenges observed in the
10 comparable projects, where fragmented records frequently disrupted workflows and
regulatory submissions”.

Implication: The absence of reliable historical records increases the likelihood of
unforeseen issues during construction, resulting in added survey contingencies and a
heightened risk of rework. This affects project timelines and undermines confidence in cost
estimates and resource planning.

Digital applications:

• BIM as a Living Repository: Centralizes and organizes historical and real-time building
data, providing a single source of truth for all stakeholders.

• Deep Learning Optical Character Recognition (DLOCR) and Natural Language Pro-
cessing (NLP)/ ML: Enables bulk digitalization and classification of legacy records,
linking entities such as maintenance activities, materials, and equipment specifications
for easier retrieval.
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• IoT Integration: Facilitates ongoing asset data capture, automatically updating
maintenance logs and equipment performance to ensure records remain current
and actionable.

Expected outcome: This approach minimizes uncertainty, strengthens claims substan-
tiation, and supports smoother workflows by ensuring that critical information is readily
accessible and systematically managed [45,46].

(2) Inadequate Stakeholder Coordination

Observed issue: Fragmented responsibilities among owner corporations, consultants,
and contractors resulted in different instructions, delays in decision-making, and slow
resolution of queries. While informal communication channels, such as chat groups,
improved response times, they lacked transparency and auditability, creating challenges in
tracking decisions and maintaining accountability.

Interview excerpt (D1): “Three messages from three different people gave three differ-
ent answers. We need a single source of instructions to avoid confusion and delays”.

Digital application:

• BIM Collaboration Hubs with Role-Based Access: Centralize communication and
documentation, ensuring that all stakeholders work from a unified platform with
permissions tailored to their roles.

• Digital Twin (DT)-Enabled Coordination Spaces: Create virtual environments for
real-time collaboration, allowing stakeholders to visualize project progress and track
decisions in context.

• IoT-Backed Status Feeds: Provide real-time updates on project milestones, site
conditions, and task statuses, ensuring all parties have access to accurate and
up-to-date information.

• Decision Logs Aligned with URA Templates and DMC Roles: Standardize and docu-
ment decisions to ensure alignment with regulatory requirements and clearly delineate
stakeholder responsibilities.

Expected Outcome: By integrating these digital tools, projects can reduce miscom-
munication, improve decision traceability, and enhance collaboration. This fosters greater
accountability and enables more efficient project workflows [47].

(3) Limited Predictive Capabilities

Observed Issue: The church building renovation project encountered frequent weather
disruptions, including unexpected rainfall and typhoons, which significantly impacted
external masonry work and inspections. Scheduling adjustments were managed reactively,
leading to missed inspection windows and resource reallocation delays. This challenge
highlights the need for predictive capabilities, such as weather forecasting and risk mod-
eling, which could proactively adjust schedules. Similar challenges were observed in
the 10 comparable projects, underscoring the importance of AI-driven predictive tools to
optimize planning and mitigate disruptions. Project schedules failed to adapt in real time,
resulting in missed inspection windows, stalled tasks, and cascading delays across project
timelines [48].

Interview Excerpt (D2): “Two typhoon days can set us back an entire week be-
cause inspections couldn’t proceed as planned, and the schedule didn’t fully account
for such adjustments”.

Digital application:

• ML-Based Schedule Risk Forecasts: Analyze historical weather data and task depen-
dencies to predict potential delays, enabling proactive adjustments to project schedules.



Appl. Sci. 2025, 15, 11389 10 of 23

• DT Simulations: Test alternative sequencing strategies and assess the impact of
weather-related disruptions in a virtual environment, helping teams identify the
most efficient rescheduling options.

• Integration of Short-Term Weather APIs: Provide real-time weather updates to enable
micro-adjustments in scheduling and resource allocation, reducing the likelihood
of delays.

Expected outcome: Application of predictive and real-time digital tools can mitigate
the impacts of weather-induced slippages, allowing for dynamic scheduling and more
precise planning. This reduces downtime, increases resource efficiency, and ensures that
project timelines better align with on-site realities. Extension of time may be granted easily
due to reliable and objective proof [47,48].

(4) Non-Compliance with Regulatory Standards

Observed Issue: Inconsistent documentation of visual checks for hoarding, fire safety,
and access routes led to recurring non-conformance issues and rework.

Interview Excerpt (D1): “We had to redo the hoarding signage because the photos
weren’t properly tagged”.

Digital application:

• Computer Vision (CV): Automates detection of safety elements (e.g., signage, access
clearances) to ensure compliance.

• Rule-Based Checks: Map regulatory requirements (BO/BMO/FSD) for real-time
validation.

• Compliance Dashboards: Centralize results linked to URA checklists for streamlined
reporting and tracking.

Expected outcome: Automating compliance checks reduces errors, prevents recurring
issues, and ensures adherence to safety and regulatory standards [49].

(5) Cost and Time Overruns

Observed Issue: In the church building renovation case, delays caused by approval
processes for bespoke materials, such as custom stained glass and heritage tiles, and
weather disruptions, including typhoon interruptions, led to escalating preliminary costs.
Static cost forecasts failed to reflect real-time changes, limiting proactive decision-making
and resource reallocation.

Interview Excerpt (D1): “When approvals are delayed, preliminary costs increase, but
our forecasts don’t account for it”.

Digital application:

• ML Regression and Probabilistic Cost–Time Forecasts: Integrate with BIM 4D/5D
models to dynamically predict cost and schedule impacts.

• Variance Alerts: Automatically flag deviations in cost and time for timely intervention.
• CIC-Aligned Templates: Standardize input formats to enhance consistency and fore-

casting accuracy across projects.

Expected outcome: The church case study demonstrates how real-time forecasting
and automated alerts could enable more adaptive planning, reducing cost overruns and
improving resource allocation efficiency. These solutions could also mitigate similar issues
observed in the 10 comparable projects, where approval delays and static forecasting
models frequently disrupted project timelines and budgets [50].

(6) Water Leakage Management

Observed Issue: Recurrent water leakage posed significant challenges, including
reactive containment measures, unplanned scope additions, and delays in tracing leakage
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sources. These leaks often went undetected until they caused visible damage, necessitating
costly repairs and extensive investigations. For example, moisture may be discovered
behind walls previously assessed as “dry”, highlighting the limitations of traditional
inspection methods and the lack of real-time monitoring systems. This issue disrupted
project timelines and increased the risk of structural damage and mold growth.

Interview Excerpt (D2): “We found active moisture behind supposedly ‘dry’ walls. . .It
is time-consuming to fix with high cost”.

Digital application:

• BIM-Integrated Moisture Maps: Seamlessly integrate IoT sensor data into BIM models
to generate visual moisture maps that trace leakage paths across stacks, facilitating
precise and targeted interventions.

• Predictive Models: Use TinyML on small, energy-efficient devices to detect water leaks
early by training simple models on recorded pipe noise and compressing them for
optimized performance on low-power boards, such as the Arduino Nano, enabling
fast and localized leak detection without relying on centralized systems [51].

Expected Outcome:
The integration of BIM-linked visualization and edge-based predictive models ensures

proactive and accurate detection of water leaks, reducing the time and cost associated with
manual tracing and reactive containment. Early identification of potential leaks minimizes
structural damage, improves resource allocation, and enhances project efficiency [51].

(7) Scaffolding and General Safety Concerns

Observed Issue: Falling-object risks and dynamic site hazards were frequently ob-
served, with near-miss incidents recorded on two projects.

Interview Excerpt (D2): “Manual top-down safety inspections were conducted but
occasionally failed to identify hazards present during the morning work hours”.

Digital application:

• CA for Hazard Detection: Automatically identifies missing safety measures (e.g., toe
boards, netting, drop zones) and falling-object risks in real-time.

• AIoT Wearables: Monitors worker proximity to hazardous zones and tracks vital signs
to deliver real-time alerts and promote safer working conditions.

• Automated Toolbox Talk Prompts: Provides tailored safety reminders based on de-
tected site risks.

Expected Outcomes:

• Enhanced Hazard Detection: CA detects missing safety measures (e.g., toe boards,
netting) and identifies falling-object risks in real-time, reducing the likelihood of
accidents [52].

• Improved Worker Safety: Real-time monitoring of worker proximity and health re-
duces the occurrence of near-miss incidents, fostering a safer work environment.

(8) Unplanned Scope Changes

Observed Issue: Hidden defects discovered post-opening-up triggered variation nego-
tiations and resequencing.

Interview Excerpt (D2): “Spalling was worse than the survey showed; we had to
extend the patch area”.

Digital application: ML scenario estimators for variation magnitudes; DT to reflow 4D
sequences; BIM change sets with cost–time impact previews.

Expected Outcomes:

• Proactive Scope Management: ML scenario estimators predict the magnitude of hidden
defects, enabling better preparation for potential scope changes.
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• Optimized Resequencing: DT allow teams to test and reflow 4D construction sequences
in response to scope changes, minimizing disruption to project timelines.

• Cost and Time Clarity: BIM change sets preview cost and time impacts of scope
variations, facilitating faster decision-making and smoother negotiations [53].

(9) Surveillance and Monitoring Limitations

Observed Issue: Camera outages and blind spots undermined site security and inci-
dent reviews.

Interview Excerpt (D1): “A camera was down for days—only noticed after a
minor theft”.

Digital application:

• AI-Enabled Video Analytics: Monitors camera functionality, detects intrusions and
anomalies in real-time, and provides uptime alerts for continuous surveillance.

• BIM-Linked Camera Coverage Planning: Optimizes camera placement using BIM to
eliminate blind spots and simulate coverage with 3D models.

• IoT Perimeter Sensors: Detects unauthorized access or movement using sensors like
vibration and motion detectors for added security.

Expected outcome: Comprehensive surveillance is achieved through optimized cam-
era placement, real-time AI monitoring, and IoT perimeter sensors. This enhances site
security, minimizes theft and vandalism, and improves incident response efficiency [54].

(10) Material Procurement and Approval Delays

Observed Issue: Specialty finishes, mock-ups, and submittals faced iteration loops,
and late approvals caused expedited shipping.

Interview Excerpt (D2): “We approved a sample; however, the batch color did not
match, requiring an additional round of submissions”.

Digital application:

• BIM-Integrated Product Data and Visual Checks: Implement a system that integrates
Building Information Modeling (BIM) with comprehensive product data to enable vi-
sual checks and ensure consistency between approved samples and delivered batches.
This includes utilizing BIM to create accurate representations of materials and finishes,
allowing for early detection of discrepancies.

• Machine Learning (ML) Demand Forecasting: Employ machine learning algorithms
to forecast material demand accurately, minimizing the risk of shortages or delays in
procurement. ML can analyze historical project data, market trends, and other relevant
factors to predict material needs and optimize the procurement process.

• Robotic Process Automation (RPA) for Submittal Workflows: Automate submittal
workflows using RPA to streamline the process, reduce iteration loops, and accelerate
approvals. RPA can handle repetitive tasks such as data entry, document routing,
and follow-up communications, freeing up project team members to focus on more
critical activities.

• Digital Mock-Up Comparisons: Use digital mock-up comparisons to minimize itera-
tions and ensure that the final product aligns with the approved design. This involves
creating virtual mock-ups that can be easily reviewed and modified, reducing the need
for physical mock-ups and accelerating the approval process.

Expected Outcomes:

• Streamlined Submittal Workflows: RPA automates submittal processes, significantly
reducing iteration loops and approval delays. This leads to faster turnaround times
and improved project efficiency [55].
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• Accurate Visual Checks: BIM-integrated product data and digital mock-up compar-
isons ensure consistency between approved samples and delivered batches, mini-
mizing rework and reducing the risk of costly errors. This results in higher quality
outcomes and improved client satisfaction [55].

These ten challenges offer practice-based evidence of delay mechanisms and their
digital touchpoints. While pinpointing where and how BIM and AI tools intersect with
regulatory templates, role assignments, and standard practices, digital solutions may
streamline workflows, enhance decision-making, and embed predictability into project
delivery and governance. Table 3 consolidates these findings, offering a comparative
overview of key challenges and digital solutions identified across the studied projects.

Table 3. Comparative Overview of Key Challenges and Digital Solutions Across Projects.

Key Challenge Frequency in
10 Projects Focal Case Example Proposed Digital

Solution

Fragmented
Historical Records 8/10 Missing repair records

delayed scoping.
Centralized BIM
repositories, digitalization.

Weather-Related
Disruptions 7/10 Rainfall delayed

masonry work.
ML-based schedule
forecasts, weather APIs.

Delays of approval 6/10 Custom material approvals
caused delays.

Automated workflows,
digital collaboration.

Informal
Communication Gaps 5/10 WhatsApp groups caused

decision confusion.
BIM collaboration hubs,
IoT coordination.

4.2. Implications for Digital Transformation of Renovation Projects

The adoption of digital technologies may address inefficiencies, improve regulatory
compliance, and foster sustainable practices, offering a pathway to overcome long-standing
challenges in project management, stakeholder collaboration, and cost optimization. The
findings strongly validate the first hypothesis, which posits that renovation contractors
in Hong Kong hesitate to adopt BIM and AI due to barriers such as high costs, limited
technical expertise, and resistance to change. Interviews with contractors revealed consis-
tent concerns about the high initial costs associated with implementing BIM and AI tools,
including software acquisition, training, and the hiring of specialized personnel. The lack
of in-house technical capacity further exacerbates this hesitation, particularly for smaller
firms that struggle to justify the investment. Additionally, a preference for traditional
workflows, combined with skepticism about the tangible benefits of these technologies,
contributes to organizational resistance. The highly competitive nature of Hong Kong’s
renovation market, where contractors often prioritize cost-cutting measures to secure bids,
further hinders the adoption of innovative tools. This observation is consistent with similar
research [45,56,57].

The second hypothesis, which asserts that the integration of BIM and AI significantly
improves project timelines, reduces lifecycle costs, and enhances regulatory compliance, is
also validated. Evidence from case studies and literature demonstrates that these technolo-
gies streamline workflows, optimize resource allocation, and improve compliance with
Hong Kong’s stringent regulatory requirements. For instance, predictive analytics and
centralized data systems have been shown to mitigate delays, enhance decision-making,
and achieve substantial cost savings over the lifecycle of renovation projects [58].

The first research question examines the primary challenges in adopting BIM and AI
in private building renovation projects and explores potential mitigation strategies. The
findings highlight several key challenges, including high upfront costs, a lack of techni-
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cal expertise, resistance to change, and short-term focus among contractors. The recent
economic downturn in the property market has further reinforced these barriers, as firms
prioritize immediate cost savings over long-term investments in digital tools. To address
these challenges, several strategies are proposed. Government policies with financial
incentives, such as subsidies, tax breaks, and low-interest loans, could help offset imple-
mentation costs, making BIM and AI more accessible to renovation contractors. Training
programs, offered in partnership with institutions like the CIC, could bridge the skills gap
by equipping professionals with the technical expertise needed to operate these systems.
Additionally, pilot projects that illustrate the tangible benefits of BIM and AI can build
stakeholder confidence, while structured change management programs can help overcome
resistance by emphasizing the long-term advantages of digital transformation [59].

The second research question investigates how BIM and AI contribute to project man-
agement efficiency, cost optimization, and stakeholder collaboration. The integration of
these technologies has demonstrated significant improvements in project outcomes. BIM
serves as a centralized platform for managing project data, eliminating inefficiencies caused
by fragmented records and enabling real-time collaboration among stakeholders [38]. AI-
driven tools enhance predictive capabilities, allowing contractors to anticipate risks such as
weather-related delays or structural vulnerabilities and plan proactive mitigation strate-
gies [60]. These technologies also optimize resource allocation and improve scheduling,
reducing delays and cost overruns. Furthermore, BIM fosters transparent communication,
ensuring alignment among property managers, contractors, and regulatory authorities.
AI-enabled reporting tools enhance accuracy and build trust among stakeholders, facil-
itating smoother project execution. For example, the case study of the Catholic church
building renovation suggested that BIM and AI were instrumental in complying with URA
guidelines, optimizing resource allocation, and achieving cost savings.

The third research question explores practical frameworks for integrating BIM and AI
within Hong Kong’s regulatory guidelines to ensure sustainable and resilient renovation
practices. A comprehensive framework, which covers regulatory alignment, financial and
policy support, capacity building, pilot projects, and digital ecosystem development, is
necessary to facilitate the adoption of BIM and AI in the renovation sector. Specifically, BIM
and AI tools can be configured to meet the requirements of the BMO and DMC, with auto-
mated compliance checks integrated into their workflows. Financial mechanisms, such as
government grants and tax incentives, can encourage adoption by alleviating the financial
burden on contractors. Training programs and public–private partnerships can address the
skills gap [61]. A centralized digital platform integrating BIM, AI, and IoT technologies
could further enhance data sharing, real-time monitoring, and decision-making, fostering a
more systematic and transparent approach to building maintenance [57].

The implications of digital transformation extend beyond individual renovation
projects, contributing to broader goals such as smart city development and sustainable
urban renewal [62]. By streamlining workflows, optimizing resource allocation, and en-
hancing collaboration, BIM and AI can address critical industry challenges while promoting
sustainability. However, the adoption of these technologies requires a coordinated effort to
overcome barriers such as high costs, skill shortages, and resistance to change. Establishing
standardized frameworks for BIM and AI adoption, as seen in Mainland China, can ensure
consistency and interoperability across projects [15–19]. Developing scalable digital tools
tailored to the needs of small- and medium-sized enterprises can further democratize access
to these technologies. Policy support, in the form of financial incentives and regulatory
reforms, can accelerate adoption while maintaining flexibility for smaller firms.

The above analysis addresses the hypotheses and provides answers to the research
questions. It shows that while renovation contractors in Hong Kong face significant barriers
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to adopting BIM and AI, these challenges can be mitigated through targeted financial,
technical, and policy interventions. Furthermore, the integration of BIM and AI signifi-
cantly improves project timelines, reduces lifecycle costs, and enhances compliance with
regulatory standards. The analysis is summarized in Table 4 with URA tool applica-
tion. It synthesizes our findings by mapping specific digital solutions to the identified
challenges, demonstrating the practical integration of BIM and AI tools and respective
regulatory framework.

Table 4. Digital Solutions Framework: Mapping AI/BIM Tools to Renovation Challenges and
Regulatory Context.

Identified Issues
from Case Study
and Interviews

Specific AI/Technical
Tool Application

Integration of URA
Tools with AI

Relevant
Supporting
Governance

Impact, Penalty, and
Liability

1. Fragmented
Historical
Records

NLP, ML, DLOCR, and
IoT sensors can be
effectively utilized for
advanced and
efficient data collection.

URA templates
standardize data
structures, ML
algorithms enable
efficient classification,
DLOCR facilitates
record digitalization,
and IoT sensors
automate equipment
data logging
processes.

Systematic
record-keeping
practices can be
established by
referencing relevant
regulatory guidelines
or industry
standards to ensure
consistency and
transparency during
operational activities.

Impact: Delays in
renovation due to
incomplete records.
Penalty: Fines for
non-compliance with
record-keeping laws.
Liability: Property
owners and
managers may face
legal accountability
for inadequate
documentation.

2. Inadequate
Stakeholder
Coordination

DT platforms and
IoT-enabled
communication
systems enhance
connectivity, data
integration, and
real-time monitoring.

URA guidelines
define roles and
responsibilities,
while DT platforms
create a collaborative
virtual environment,
improving clarity
and accountability.
IoT facilitates
real-time
communication
among stakeholders,
enabling timely and
informed
decision-making.

Clearly defined roles
and responsibilities
among stakeholders
should be
incorporated into
project agreements or
governance
frameworks to
ensure effective
collaboration and
accountability.

Impact:
Miscommunication
leading to project
delays.
Penalty: Extended
project timelines and
additional costs.
Liability: Contractors
and project
managers may be
held responsible for
communication
failures.

3. Limited
Predictive
Capabilities

ML enables predictive
analytics, while DT
simulations provide
dynamic and accurate
virtual representations
for enhanced
decision-making and
scenario analysis.

Maintenance
schedules can be
optimized through
ML algorithms that
analyze historical
data to generate
accurate predictions,
while DT platforms
simulate scenarios to
enhance risk
forecasting and
proactive planning.

Property managers
should develop
proactive renovation
plans to ensure
efficiency and
alignment with
relevant regulatory
standards and
industry best
practices.

Impact: Increased
risks of delays and
cost overruns.
Penalty:—
Liability: Project
owners and
contractors share the
cost escalations.
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Table 4. Cont.

Identified Issues
from Case Study
and Interviews

Specific AI/Technical
Tool Application

Integration of URA
Tools with AI

Relevant
Supporting
Governance

Impact, Penalty, and
Liability

4. Non-
Compliance
with
Regulatory
Standards

Computer Vision (CV)
enables advanced
image analysis, while
rule-based AI ensures
accurate and efficient
data validation
processes.

Compliance
checklists can be
integrated with CV
for visual
inspections, while
rule-based AI
automates the
process of checking
regulatory standards.

Ensuring compliance
with relevant safety
and regulatory
standards
throughout all stages
of renovation works,
including worksite
safety and fire safety
protocols.

Impact: Safety risks
and legal violations.
Penalty: Fines or
project shutdowns
for fire safety
violations.
Liability: Contractors
and property owners
liable for accidents or
regulatory breaches.

5. Cost and Time
Overruns

ML (regression
models) may be
applied the overrun
issues.

URA templates
integrate with ML for
dynamic forecasting.

Industry guidelines
should be effectively
applied to optimize
cost and time
management,
ensuring efficient
project planning and
execution.

Impact: Budget
overruns and
delayed completion.
Penalty: Liquidated
damages for project
delays.
Liability: Contractors
face penalties for
failing to meet
contractual
deadlines.

6. Water
Leakage
Management

IoT moisture sensors
and infrared cameras
provide real-time
monitoring, while ML
algorithms enable
anomaly detection for
proactive issue
identification and
resolution.

URA templates
incorporate IoT
sensor data; ML
detects patterns
predicting leakage;
IoT provides
real-time monitoring
and alerts for
proactive
intervention and
preventive action

Revisions to
regulations may be
proposed to enhance
the management and
prevention of water
leakage issues,
fostering a more
proactive and
systematic approach.

Impact: Damage to
property and project
delays. Penalty:
Repair costs and
possible insurance
claims. Liability:
Contractors liable for
inadequate
waterproofing
measures.

7. Scaffolding
Safety
Concerns

CV enhances
scaffolding safety
through advanced
object detection, while
AIoT-enabled
wearables provide
real-time monitoring
and intelligent insights
to address potential
safety concerns
proactively.

URA safety
checklists are
integrated with
Computer Vision
(CV) to detect falling
objects, while AIoT
wearables
continuously
monitor worker
safety metrics to
ensure a secure work
environment.

Stringent safety
standards should be
emphasized to
ensure a secure and
compliant working
environment for all
personnel in
construction.

Impact: Increased
risk of worker
injuries.
Penalty: Fines or
work stoppages due
to safety violations.
Liability: Contractors
liable for worker
injuries and
non-compliance with
safety protocols.
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Table 4. Cont.

Identified Issues
from Case Study
and Interviews

Specific AI/Technical
Tool Application

Integration of URA
Tools with AI

Relevant
Supporting
Governance

Impact, Penalty, and
Liability

8. Unplanned
Scope
Changes

For unplanned work
scopes, ML facilitates
impact analysis by
predicting potential
risks and outcomes,
while DT updates
provide real-time
synchronization to
enhance
decision-making and
project adaptability.

URA templates may
make the application
of ML for predicting
cost and time
impacts accurately,
while DT
dynamically update
the project model to
reflect real-time
changes for
improved
decision-making.

(NIL)

Impact: Cost
overruns and
timeline extensions.
Penalty: Additional
costs due to scope
variations. Liability:
Contractors, owners
and consultants may
be accountable for
scope
mismanagement.

9. Surveillance
and
Monitoring
Limitations

AI-powered tools
integrated with BIM
address surveillance
limitations by enabling
real-time monitoring,
anomaly detection,
and safety checks.

URA guidelines
incorporate CV for
automated threat
detection, applying
IoT sensors to deliver
real-time perimeter
monitoring data and
enhance site security
through intelligent,
data-driven insights.

(NIL)

Impact: Security
breaches and unsafe
project sites. Penalty:
Costs for theft or
accidents. Liability:
Contractors
responsible for
inadequate site
monitoring.

10. Material
Procurement
and Approval
Delays

AI-driven
procurement systems
and BIM-integrated
design validation tools
streamline approvals,
improve collaboration,
and ensure timely
material delivery,
reducing project
disruptions.

URA templates may
apply ML for
accurate demand
forecasting, while
Robotic Process
Automation (RPA)
streamlines approval
workflows and
automates document
processing,
enhancing efficiency
and reducing delays.

(NIL)

Impact: Disruptions
to project schedules.
Penalty: Increased
project costs and
delays.
Liability: Owner and
consultant may be
accountable for
delayed approvals or
delivery failures.

Solving the challenges as illustrated in Table 4 requires technologies NLP, IoT sensors
and ML predictive analytics. For example, IoT sensors integrated with BIM reposito-
ries enable real-time updates to maintenance logs, ensuring compliance and reducing
delays caused by incomplete documentation [63]. Similarly, ML-powered tools improve
project outcomes by forecasting scheduling risks, identifying cost–time variances, and
enabling proactive adjustments to mitigate disruptions from weather or unplanned scope
changes [64].

Complementing these solutions, the ranking of BIM and AI tools in Table 5 highlights
their practical impact and application evidence. Centralized BIM repositories, ranked
as the most impactful tool, address fragmented project documentation while fostering
seamless collaboration among stakeholders. Predictive analytics powered by ML and IoT
sensors follow closely, demonstrating their ability to optimize resource allocation, minimize
risks, and enhance project timelines [65]. Additionally, DT platforms and AI compliance
dashboards contribute to improved stakeholder coordination and regulatory adherence
through real-time scenario testing and automated safety checks. Together, these findings
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emphasize the dual role of digital tools in overcoming operational inefficiencies while
delivering measurable improvements in timelines, costs, and compliance. By bridging
the insights from regulatory-aligned solutions and their ranked impact, these tools pro-
vide a roadmap for adopting BIM and AI technologies in renovation projects, ultimately
transforming current practices into more sustainable and resilient workflows.

Table 5. BIM and AI Tools: Practical Impact and Evidence in renovation projects.

Tool/Technology Main Application
(Challenge Number) Impact

1 BIM Repository Records, collaboration (1, 2, 5) Key enabler, critical foundation

2 ML Predictive Analytics Scheduling, risk, cost (3, 5, 8) Substantial enhancements to
schedules and budgets

3 IoT Sensors and Cameras Moisture, asset monitoring (6) Swift reaction, reduced project delays

4 DT Coordination, scenario planning (2, 8) Advanced scheduling, better
stakeholder collaboration

5 NLP/DLOCR (Digitalization) Legacy record management (1) Streamlined onboarding, quicker
access to information

6 AI Compliance Dashboards &
Computer Vision Safety, compliance (4, 7) Consistent, error-free automated

processes

7 RPA for Submittals Procurement, approvals (10) More efficient, fewer iterations,
greater transparency

8 CV Security, surveillance (9) Enhanced Safety Monitoring

Figure 2 illustrates a practical framework for integrating BIM and AI tools within
renovation projects. The framework is structured as a systematic process encompassing
five key phases: (1) Diagnosing challenges, (2) Defining project objectives, (3) Selecting
appropriate BIM/AI tools, (4) Designing an integrated system, and (5) Implementation,
and monitoring. Each phase includes actionable steps tailored to address the identified
renovation challenges. By providing a structured approach to integrating digital tools, the
figure addresses RQ 3 by demonstrating how BIM and AI technologies can be practically
applied to promote resilient renovation practices within a regulatory framework.

Figure 2. A simplified BIM/AI Framework for renovation projects.
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5. Conclusions
This study provides qualitative, practice-based insights into how BIM and AI, aug-

mented by techniques such as ML, DL, CV, IoT, DT, and RPA, can address key challenges
in Hong Kong’s private renovation sector. These challenges include fragmented records,
coordination gaps, limited predictive capabilities, safety risks, and non-compliance with
regulatory standards. Analysis of a focal renovation project and ten comparable cases
demonstrates how digital tools streamline data organization, enable proactive planning,
and enhance collaboration. The findings align with prior literature, emphasizing the
transformative potential of digital technologies in the AEC sector.

Key technologies such as BIM repositories, AI-driven predictive analytics, and IoT
sensors emerged as pivotal in improving project timelines, mitigating risks, and opti-
mizing resource allocation. Additionally, DT platforms and AI dashboards supported
real-time oversight, automated safety checks, and regulatory compliance, delivering mea-
surable improvements in efficiency, costs, and compliance outcomes while promoting
sustainable workflows.

Despite these benefits, adoption barriers, including high upfront costs, limited ex-
pertise, interoperability issues, and lowest-bid procurement norms, remain significant.
Mitigation strategies include financial incentives, training, demonstrator projects, and
standards integrating BIM/AI workflows. The practical framework presented in this study
provides a structured approach for piloting and scaling digital transformation initiatives in
renovation projects.

The study acknowledges limitations such as qualitative methodology, reliance on a
single focal case, and absence of quantitative before-and-after evaluations, which limits
attribution of improvements in cost, time, or compliance. Further research should focus on:

a. Multi-project quantitative evaluations with standardized benchmarks.
b. Exploring interoperability and data governance in common data environments.
c. Applying empirical designs to validate causal relationships.

This study contributes by identifying context-specific challenges, aligning BIM and AI
workflows with local governance, and proposing actionable pathways for digital transfor-
mation in renovation. These insights offer practical guidance for more resilient, sustainable,
and efficient urban building practices.
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Abbreviations
The following abbreviations are used in this manuscript:

AEC Architecture, Engineering, and Construction
AI Artificial Intelligence
AIoT Artificial Intelligence of Things
BD Buildings Department
BIM Building Information Modeling
BMO Building Management Ordinance
BO Building Ordinance
CIC Construction Industry Council
CV Computer Vision
DLOCR Deep Learning Optical Character Recognition
DLBSS Deep Learning Blind Source Separation
DMC Deed of Mutual Covenant
DT Digital Twin
EMSD Electrical and Mechanical Services Department
FSD Fire Services Department
GD Generative Design
IoT Internet of Things
ML Machine Learning
NLP Natural Language Processing
PMSO Property Management Services Ordinance
ROI Return On Investment
RPA Robotic Process Automation
URA Urban Renewal Authority
VR Virtual Reality
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