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1.1 [bookmark: _Toc202704978][bookmark: _Toc202733962][bookmark: _Toc202995472]Introduction:

In recent years, facility management (FM) in healthcare has moved beyond basic support services to become a central part of hospital strategy. This change is especially clear in hospitals, where the reliability of infrastructure directly affects patient safety and service continuity. In Saudi Arabia, Vision 2030 has accelerated the modernization of hospital facilities, with a strong focus on digital transformation.
Today, FM covers a wide range of tasks, such as maintenance, energy efficiency, safety standards, and environmental control. New technologies—including Artificial Intelligence (AI), the Internet of Things (IoT), and data analytics—are reshaping these tasks into Smart Facility Management Systems (SFMS). Such systems support predictive maintenance, track critical assets, and provide data for planning and operations.
AI brings specific opportunities for healthcare facilities, where infrastructure failures can quickly impact patient care. By processing data in real time, AI can detect warning signs, improve energy use, and assist hospital managers with evidence-based decisions. This move from reactive responses to proactive planning reduces interruptions and helps extend asset lifespan.
However, many private hospitals in Saudi Arabia still rely on outdated FM practices and have not fully adopted AI for non-clinical operations. Often, FM departments are not integrated into broader hospital strategies, which leads to inefficiencies and extra costs. At the same time, academic research on AI in hospital FM within the Saudi context is still limited.
This study addresses this gap by examining how AI can be integrated into smart FM systems in private Saudi hospitals. It considers the possible effects on cost control, asset management, and planning, and provides recommendations aligned with the goals of Vision 2030.








1.2 [bookmark: _Toc202704979][bookmark: _Toc202733963][bookmark: _Toc202995473]Problem Statement: 

The healthcare sector is complex and resource-intensive, requiring continuous improvements in both clinical and non-clinical functions. Facility Management (FM) has become an important part of this effort by supporting hospital performance through maintenance, energy use, safety, and emergency preparedness. In Saudi Arabia, Vision 2030 highlights digital transformation and sustainable infrastructure, which places new expectations on FM departments to adopt advanced technologies.
Despite this, many hospitals still rely on outdated FM practices that focus on reactive responses rather than strategic goals. Smart Facility Management Systems (SFMS), which allow automation and real-time monitoring, are available but often underused. Their potential can be greatly enhanced by Artificial Intelligence (AI), which enables predictive maintenance, fault detection, and planning based on data.
AI has proven valuable in clinical areas, but its role in managing hospital facilities, especially in the MENA region, remains underexplored. In many cases, FM units work separately from executive-level planning, which limits their ability to contribute to cost savings, efficiency, and sustainability.
This issue is particularly relevant for private hospitals in Saudi Arabia, where budgets are tight and regulatory demands are growing. Without AI-enabled FM systems, these hospitals risk frequent breakdowns, higher energy use, and rising costs.
For this reason, the study focuses on the lack of strategic integration between AI and FM in healthcare. It aims to show how advanced FM technologies can move beyond routine operations to support decision-making, improve asset management, and align with Vision 2030 objectives.
1.3 [bookmark: _Toc202704980][bookmark: _Toc202733964][bookmark: _Toc202995474]Significance of the Study:

This study examines the role of Artificial Intelligence (AI) in improving Smart Facility Management (SFM) systems within healthcare. As hospitals adopt digital technologies to enhance service delivery and performance, it is important to understand how AI can be applied in facility operations.
In the context of Saudi Arabia’s Vision 2030, which stresses innovation, sustainability, and digital transformation, this research is especially relevant. It provides insights that can help hospital planners, facility managers, and policymakers adopt AI-driven methods that support both operational needs and national development goals.




[bookmark: _Toc202704981][bookmark: _Toc202733965]Scientific Significance:

From an academic point of view, this study adds to the limited research on Artificial Intelligence (AI) in hospital infrastructure and facility management, especially in emerging regions such as the Middle East. While AI has been widely used in clinical practice, its role in non-clinical hospital operations is still developing. This research proposes a structured framework that links facility performance with intelligent decision-support systems, providing a base for future studies on smart hospital infrastructure.
The work also draws on multiple disciplines, including engineering management, healthcare administration, and information systems. By combining these fields, the study offers an interdisciplinary resource for researchers and students interested in healthcare digital transformation. Focusing on Saudi hospitals gives the study regional value, showing how global ideas can be adapted to local contexts.

[bookmark: _Toc202733966]Practical Significance:
On the practical side, this study serves as a guide for healthcare institutions and facility management (FM) teams that aim to modernize their operations with Artificial Intelligence (AI). It shows how AI can reduce costs, improve energy efficiency, extend equipment uptime, and strengthen predictive maintenance practices.
The study also provides recommendations that help hospitals plan and implement digital infrastructure projects in line with the goals of Vision 2030. At the same time, it stresses the need to include FM departments in overall hospital planning and decision-making. By doing so, FM becomes not just a support unit, but a strategic partner in improving hospital performance and ensuring long-term sustainability.

1.4 [bookmark: _Toc202704982][bookmark: _Toc202733967][bookmark: _Toc202995475]Research Objectives:
The main goal of this research is to study how Artificial Intelligence (AI) can be integrated into Smart Facility Management Systems (SFMS) in private healthcare institutions in Saudi Arabia. It looks at how AI can address common challenges in hospital operations, especially in areas such as maintenance, energy management, and decision-making.
The study also considers the growing importance of sustainability, cost control, and operational performance. It evaluates both the organizational readiness and the technical capacity needed to adopt AI tools in facility management. These objectives form the foundation of the theoretical framework and guide the analysis in later chapters.

[bookmark: _Toc202704983][bookmark: _Toc202733968]Main Objective:
The central objective of this research is to explore how Artificial Intelligence (AI) can be combined with Smart Facility Management Systems (SFMS) in private healthcare institutions in Saudi Arabia. The study evaluates how this integration can improve operational excellence, support efficient decision-making, optimize costs, and enhance the sustainability of hospital assets. It also looks at how these outcomes align with the broader goals of Vision 2030.



[bookmark: _Toc202733970]Sub-Objectives:
· To analyze the current state of Facility Management practices in private hospitals, including the level of digital maturity and AI readiness.
· To assess the potential of AI technologies (e.g., predictive analytics, machine learning, intelligent automation) in enhancing maintenance strategies and operational workflows.
· To examine the relationship between FM efficiency and key performance indicators (KPIs) such as cost reduction, energy usage, asset uptime, and patient safety.
· To explore how integrating AI into FM systems supports strategic decision-making at both executive and operational levels.
· To identify the organizational, technical, and cultural barriers that hinder the implementation of AI-powered FM in healthcare institutions.
· To develop a conceptual framework that guides healthcare organizations in adopting AI-driven FM practices aligned with Vision 2030 and sustainability goals.
· To conduct an applied assessment using real data and case studies from Saudi hospitals to validate the proposed framework’s practical applicability.
· To propose policy recommendations and best practices that encourage smart infrastructure investment, digital governance, and long-term asset performance.
· To evaluate the role of data-driven FM systems in supporting evidence-based decisions during healthcare crises (e.g., pandemics, power failures, mass casualty events).
· To assess how AI-enabled FM contributes to environmental sustainability in hospitals through energy management, waste reduction, and smart water systems.
· To explore staff readiness, training needs, and challenges in digital culture related to AI integration in FM departments.
· To analyze how AI in FM aligns with national health digital strategies and international standards (e.g., ISO 41001, ASHE, ECRI).
These objectives form the analytical and empirical backbone of this research and directly guide the formulation of research questions, hypothesis development, and data interpretation throughout the study.
1.5 [bookmark: _Toc202733971][bookmark: _Toc202995476]Research Questions 

[bookmark: _Toc202733972]Main Research Question:
How does the strategic integration of Artificial Intelligence (AI) and Smart Facility Management Systems (SFMS) impact operational excellence, decision-making efficiency, and sustainability in private healthcare institutions in Saudi Arabia?
[bookmark: _Toc202733973]Sub-Questions:
1. What is the current level of digital maturity and AI readiness in Facility Management operations within private hospitals?
2. How are AI technologies (e.g., predictive maintenance, machine learning, intelligent automation) currently being utilized in FM functions in the healthcare sector?
3. To what extent does AI integration enhance the effectiveness and efficiency of maintenance and asset management?
4. How does AI-driven FM contribute to reducing operational costs and improving energy utilization?
5. What are the measurable impacts of AI integration on asset life cycle, downtime, and equipment reliability?
6. In what ways does AI-supported FM facilitate better strategic and operational decision-making for hospital executives?
7. What are the main technical, organizational, and cultural challenges associated with implementing AI in FM in healthcare settings?
8. How does AI in FM align with national digital transformation agendas such as Vision 2030 and healthcare innovation programs?
9. What is the role of AI-powered FM systems in improving patient safety and infrastructure resilience during emergencies or system failures?
10. How does staff readiness, training quality, and digital literacy affect the success of AI integration in FM departments?
11. What are the environmental implications of AI-driven FM in hospitals, particularly in energy management and sustainability?
12. How does the adoption of AI in FM correlate with compliance to international standards (e.g., ISO 41001, ECRI, ASHE) and internal policy frameworks?
1.6 [bookmark: _Toc202733974][bookmark: _Toc202995477]Research Hypotheses 
This research investigates how the integration of Artificial Intelligence (AI) with Smart Facility Management Systems (SFMS) influences key performance areas in private healthcare institutions within Saudi Arabia. Specifically, it explores the extent to which this integration contributes to operational excellence, strengthens strategic decision-making, and supports long-term sustainability goals.

[bookmark: _Toc202733975]Main Hypothesis (H₀):

H₀: There is no statistically significant impact of the strategic integration of Artificial Intelligence (AI) and Smart Facility Management Systems (SFMS) on operational excellence, decision-making efficiency, and sustainability in private healthcare institutions in Saudi Arabia.
H₁: There is a statistically significant impact of the strategic integration of AI and SFMS on operational excellence, decision-making efficiency, and sustainability in private healthcare institutions in Saudi Arabia.

[bookmark: _Toc202733976]Sub-Hypotheses:

H1: The use of AI-powered predictive maintenance significantly reduces equipment downtime and increases asset reliability.
H2: AI integration in FM leads to a measurable reduction in operational costs and improved energy efficiency.
H3: The efficiency of FM operations positively correlates with improved patient safety outcomes.
H4: Organizational culture and staff digital literacy significantly affect the success of AI implementation in FM.
H5: AI adoption in FM supports long-term asset sustainability and lifecycle cost optimization.
H6: AI-integrated FM contributes to environmental sustainability through smart resource management (e.g., energy, water, and waste).
H7: Hospitals with AI-based FM systems demonstrate higher resilience and responsiveness during emergencies or system disruptions.
H8: There is a statistically significant difference in operational performance between hospitals using traditional FM and those using AI-integrated FM.
H9: AI adoption in FM aligns with Saudi Vision 2030 goals related to healthcare innovation and digital transformation.
[bookmark: _Toc202733977]Scientific Theory Underpinning Research   

This research is guided by an integrated theoretical foundation that synthesizes concepts from Decision-Making Theory, Smart Systems Theory, and Asset Lifecycle Management Theory, forming a comprehensive lens to understand the transformation of Facility Management (FM) in the healthcare sector through Artificial Intelligence (AI):

1. Decision-Making Theory (Rational and Bounded Rationality Models) This theory examines how organizations make decisions under uncertainty and complexity. It emphasizes the relevance of structured, data-driven processes in achieving optimal outcomes. In this study, it is used to assess how AI-powered FM systems enable more informed, faster, and context-sensitive decisions at both operational and strategic levels (Simon، 1972)(e.g., Simon, 1972).

2. Smart Systems Theory (Cyber-Physical Systems in FM) This theory provides the technological foundation for smart infrastructure, focusing on the integration between digital intelligence (AI, IoT, Big Data) and physical systems to enable automation, real-time monitoring, and predictive analytics. It explains how AI can convert FM from reactive to proactive, learning-based operations—citing Lee’s work on CPS ( (Lee، 2007))

3. Asset Lifecycle Management Theory (ALM) This theory emphasizes the long-term optimization of physical assets from acquisition through disposal. It is particularly relevant for healthcare FM, where equipment reliability, cost efficiency, and strategic alignment are critical. The study draws on Woodhouse’s perspective on managing the full asset lifecycle for strategic benefit ( (Woodhouse، Asset Management: Concepts & Best Practices، 2003); (Woodhouse، Asset Management Decision-Making: Tools and Techniques، 2016)

By integrating these theories, the study provides a comprehensive basis for evaluating both the technical and organizational aspects of AI in facility management.
1.7 [bookmark: _Toc202733978][bookmark: _Toc202995478]Research Model  
The theoretical and conceptual framework guiding this research is grounded in a multidisciplinary foundation, merging three core academic paradigms: Decision-Making Theory, Smart Systems and Cyber-Physical Integration Theory, and Asset Lifecycle Management (ALM). This combined framework supports an in-depth analysis of how AI contributes to the efficiency, adaptability, and long-term value of FM system in the healthcare sector. The proposed model is structured around the following layers:
[bookmark: _Toc202733979]Input Layer – Strategic AI Integration in FM Systems
This stage focuses on the essential prerequisites for successfully embedding Artificial Intelligence (AI) into facility management operations. Key components include:
· Implementing AI-enabled predictive maintenance to anticipate and address potential equipment issues before they occur.
· Using IoT-based systems for continuous infrastructure monitoring and performance tracking.
· Deploying smart sensors along with advanced data analytics to gather and interpret real-time operational information.
· Ensuring interoperability with existing platforms such as CMMS, CAFM, and IWMS for streamlined workflows.
· Aligning implementation efforts with national and international standards and strategies, including Vision 2030, ISO 41001, and ECRI guidelines.

[bookmark: _Toc202733980]Process Layer – Core FM Functions Enhanced by AI
This stage illustrates the shift from conventional facility management to an intelligent, proactive, and analytics-based approach. The main capabilities include:
· Optimizing maintenance activities and using predictive analytics to foresee and prevent potential equipment failures.
· Diagnosing asset condition and applying lifecycle modeling to plan replacements or upgrades more effectively.
· Allocating resources in real time, covering areas such as energy consumption, space utilization, and workforce deployment.
· Automating workflows while detecting irregularities or anomalies that may indicate operational issues.
· Supporting both operational and strategic planning through decisions grounded in accurate, timely data analysis.

[bookmark: _Toc202733981]Output Layer – Institutional and Strategic Outcomes
This stage highlights the key institutional benefits expected from integrating Artificial Intelligence (AI) into facility management systems:
· Greater operational efficiency and faster responsiveness to emerging issues.
· Lower downtime for critical systems, leading to a reduced total cost of ownership.
· Stronger safety measures alongside improved compliance with regulatory requirements.
· Sustainable asset management practices that extend the lifespan of equipment and infrastructure.
· Better-informed executive decisions, supported by accurate and timely operational data.
· Enhanced organizational resilience and adaptability in the face of unexpected challenges.
· Clear alignment with sustainability objectives in healthcare, including adherence to ESG (Environmental, Social, and Governance) standards.

[bookmark: _Toc202733982]Guiding Relationships (Hypothetical Paths):
· H1–H9 (as defined in the hypotheses section) articulate measurable relationships between AI-FM capabilities and institutional outcomes.
· The model accounts for feedback mechanisms, where improved outcomes contribute to the refinement and evolution of AI systems over time.
A conceptual diagram is provided to illustrate these layers and interdependencies.
[bookmark: _Toc202733983]Summary of Theoretical Foundations
This study is grounded in the following core theoretical frameworks:
· Decision-Making Theory – Highlights how Artificial Intelligence (AI) can facilitate quicker, evidence-based decisions in facility management, helping to reduce uncertainty and improve the ability to respond effectively to operational challenges.
· Technology Acceptance Model (TAM) – Describes the role of perceived usefulness and user-friendliness in encouraging staff to adopt AI-powered management tools.
· Asset Lifecycle Management (ALM) – Emphasizes how AI-driven FM systems can enhance asset performance, lower operational costs, and extend the usable life of equipment.
· Cyber-Physical and Smart Systems Theory – Explores the integration of advanced digital technologies, such as AI and the Internet of Things (IoT), with physical infrastructure to create responsive, automated environments.
· Strategic Alignment Theory – Focuses on ensuring that AI-enabled FM practices are in harmony with institutional objectives and broader national initiatives, including the Vision 2030 framework.

1.8 [bookmark: _Toc202733984][bookmark: _Toc202995479]Scope and Delimitations Study:

This study is purposefully scoped to examine the strategic convergence between Artificial Intelligence (AI) technologies and Smart Facility Management (SFM) systems within the mission-critical context of the healthcare sector in the Kingdom of Saudi Arabia. Given the vital role that hospital infrastructure plays in patient outcomes and operational continuity, the research aims to explore how AI-enabled FM systems drive operational excellence, data-driven decision-making, cost efficiency, and asset sustainability.

[bookmark: _Toc202733985]Scope of the Study:
1.8.1.1 Sectoral Scope:
· The study is confined to healthcare institutions, with a primary focus on private and semi-governmental hospitals operating under evolving digital health mandates and infrastructure modernization strategies in line with Saudi Vision 2030.
· Hospitals selected must have adopted or are in the process of adopting smart FM technologies (e.g., CAFM, CMMS, IWMS) or possess readiness for AI integration.
1.8.1.2 Technological Scope:
· The research focuses exclusively on the healthcare sector, targeting private and semi-governmental hospitals aligned with the digital transformation goals of Saudi Vision 2030.
· Included hospitals must have either implemented smart FM technologies (e.g., CAFM, CMMS, IWMS) or demonstrated readiness for AI integration in facility operations.
1.8.1.3 Functional Scope:
· The study investigates AI applications relevant to predictive maintenance, infrastructure monitoring, fault diagnostics, energy optimization, and decision-support dashboards.
· It treats AI as an enabling infrastructure tool, emphasizing operational and strategic impact over algorithmic development.
1.8.1.4 Geographical Scope:
· The research is geographically limited to Saudi Arabia, considering its regulatory environment (e.g., CBAHI, EHS), cultural dynamics, infrastructure maturity, and digital healthcare policies.
1.8.1.5 Temporal Scope:
· Data collection and analysis are confined to the 2024–2025 operational year, providing a contemporary assessment of AI-FM integration strategies.

[bookmark: _Toc202733986]Delimitations of the Study:
1.8.1.6 Exclusion of Public Hospitals Without Digital FM Platforms:

· Hospitals without existing or emerging digital FM infrastructure are excluded to maintain relevance and comparability across participants.

1.8.1.7 Exclusion of Algorithmic Development:

· The study does not involve designing or testing AI algorithms but instead focuses on evaluating the managerial and operational impact of existing AI technologies.

1.8.1.8 Sectoral Limitation:

· Although parallels may exist in other industries (e.g., aviation, manufacturing), the empirical scope is limited to the healthcare sector.

1.8.1.9 Managerial Perspective Focus:

· The research prioritizes insights from hospital managers, FM directors, and digital transformation leaders, excluding patient and frontline clinical perspectives.

1.8.1.10  Single-country Case Context:

· While the theoretical insights may have broader applicability, the empirical foundation is grounded in the Saudi Arabian healthcare context, which may limit global generalizability.
This clearly defined scope ensures methodological precision and contextual alignment with Saudi Vision 2030. By concentrating on high-impact domains and stakeholders, the study provides targeted insights for hospital administrators, FM professionals, and policymakers seeking to accelerate digital transformation, operational resilience, and healthcare sustainability

1.9 [bookmark: _Toc202995480]Justification of Scope and Delimitation

The scope and boundaries of this research have been defined to maintain a balance between academic depth, contextual relevance, and practical usefulness. By concentrating on the digital transformation of hospitals within Saudi Arabia’s healthcare sector, the study remains directly aligned with the priorities of Vision 2030 while preserving methodological consistency.
While the research does not address algorithmic development or explore sectors outside of healthcare, this targeted focus allows for a more thorough examination of real-world implementation in hospital settings. These limitations ensure that the findings remain relevant and actionable for healthcare planners and policymakers working within AI-supported facility management environments.
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2.1 [bookmark: _Toc202704985][bookmark: _Toc202733987][bookmark: _Toc202995482]Introduction
In this chapter, the researcher provides a structured and comprehensive review of academic and professional literature addressing Artificial Intelligence (AI) and Smart Facility Management (SFM), with a strong emphasis on their role in healthcare institutions. The review aims to build a clear conceptual and technological foundation by discussing major developments, practical implementations, and gaps identified in previous research. Within the framework of Saudi Arabia’s Vision 2030 and the rapid modernization of hospital infrastructure, this chapter highlights how AI-supported facility management systems contribute to both day-to-day operational improvements and broader strategic decision-making in healthcare organizations.
From the researcher’s perspective, this focus is crucial because Saudi hospitals are currently undergoing rapid digital transformation, making the integration of AI tools not only beneficial but necessary for achieving Vision 2030 objectives.

2.2 [bookmark: _Toc202995483]Theoretical Framework
In shaping its foundation, this study draws on several well‑established theoretical perspectives, particularly from the fields of innovation, strategic resource management, and decision sciences. Together, these perspectives provide a useful lens for understanding how Artificial Intelligence (AI) can be introduced, implemented, and assessed within the facility management functions of healthcare institutions. It is worth noting that these theories are not applied in isolation; rather, they collectively highlight the dynamics between organizational readiness, technological capability, and strategic decision-making.
The researcher notes that using a combination of theories strengthens the analysis, as it captures not only the technical side of AI adoption but also the human and organizational dimensions that are often overlooked.

2.2.1 Technology-Organization-Environment (TOE) Framework
The Technology-Organization-Environment (TOE) framework, first introduced by (Tornatzky، 1990)has become one of the most widely used models for studying technology adoption in organizational settings. Within the scope of this research, it offers a structured way to examine the integration of Artificial Intelligence (AI) into facility management systems.
· Technology in this context points to AI-driven tools, including predictive analytics and real-time monitoring systems that can enhance hospital operations.
· Organization refers to the hospital’s internal capacity, such as its structural readiness, level of digital maturity, workforce skills, and the extent of leadership support.
· Environment encompasses external forces like regulatory requirements (for example, CBAHI and the Ministry of Health), pressures from competitors, and national transformation drivers such as Vision 2030.
From the researcher’s perspective, the TOE framework is particularly relevant here because it allows a balanced view of both internal readiness and external pressures, ensuring that the adoption of AI in healthcare facility management is analyzed in a comprehensive manner.
This balance is especially important in the Saudi healthcare sector, where hospitals must align with strict regulatory requirements while also keeping pace with national digital transformation goals.

2.2.2 Resource-Based View (RBV)
The Resource-Based View (RBV), introduced by(Barney، 1991))emphasizes that organizations achieve long-term competitive advantage not merely by acquiring resources, but by strategically managing those that are valuable, rare, and difficult to imitate. In the context of this study, AI-powered facility management systems are viewed as critical intangible assets. They do not simply support daily hospital operations; rather, they play a strategic role in enhancing efficiency, driving sustainability, and enabling hospitals to respond effectively to evolving challenges.
From the perspective of Saudi healthcare institutions, this interpretation of RBV is highly relevant, as it underlines the importance of treating AI-based FM systems not just as technological tools but as strategic enablers that align with Vision 2030’s goals for innovation and sustainable healthcare.
The researcher believes that positioning AI as a strategic asset rather than a supportive tool provides hospitals with a long-term competitive advantage in both efficiency and quality of care.

2.3 [bookmark: _Toc202995484]Decision Theory
Decision Theory, grounded in both classical and bounded rationality models, provides valuable insights into how organizations make decisions under uncertainty and complexity. For the purposes of this study, it sheds light on how Artificial Intelligence (AI) can reduce the cognitive burden on managers, enhance their awareness of evolving situations, and support faster, evidence-based decision-making using real-time data.
[bookmark: _Toc202995485]It is worth noting that, when combined with the Technology-Organization-Environment (TOE) framework and the Resource-Based View (RBV), Decision Theory offers not only a conceptual foundation but also a practical lens for analyzing the dynamics of AI adoption in healthcare facility management. This integration ensures a more holistic understanding of how technology shapes institutional performance in the Saudi healthcare context.
This perspective is especially relevant for Saudi healthcare institutions, where decision-makers frequently encounter uncertainty in adopting advanced technologies, and AI can serve as a tool to minimize risks while enhancing strategic planning.

2.4 Structure of the Literature Review
To synthesize the wide body of literature in a structured and meaningful way, this review is divided into seven key thematic areas. Each section highlights a dimension that directly contributes to understanding the integration of Artificial Intelligence (AI) in healthcare facility management:

2.4.1  Digital Transformation in Healthcare Facility Management
This section reviews the modernization of healthcare infrastructure, outlines the supportive role of digital health in enabling smart FM systems, and examines how Saudi Arabia’s Vision 2030 continues to reshape operational models.
2.4.2 Artificial Intelligence in FM: From Theory to Practice
Here, the discussion covers definitions and classifications of AI technologies relevant to FM, presents global and regional hospital case studies, and analyzes how AI contributes to improving safety, resilience, and sustainability.

2.4.3 Overview of Smart FM Platforms: CAFM, CMMS, IWMS
This part provides a comparative analysis of leading digital FM platforms, explores how AI integration is transforming traditional systems, and reflects on the challenges of interoperability and data governance.

2.4.4 Predictive Maintenance and Asset Management in Healthcare
The focus here is on AI-based strategies that improve asset reliability, highlight cost-saving and lifecycle benefits, and demonstrate the application of machine learning for fault detection and preventive action.

2.4.5  AI and Strategic Decision-Making in Healthcare Institutions
This section investigates the ways AI supports long-term planning and risk mitigation, emphasizes the value of data visualization in decision accuracy, and draws on empirical studies that demonstrate improvements in key performance indicators.
2.4.6 Organizational and Cultural Barriers to AI in FM
The review identifies challenges such as resistance to change, limited digital literacy, and budget restrictions, discusses ethical considerations about AI autonomy in critical care environments, and highlights leadership approaches that can help overcome resistance.
2.4.7 Identified Gaps and Unique Contribution of the Current Study
Finally, this section points out that most prior research has focused on developed countries or outside the healthcare sector, acknowledges the limited empirical studies in Saudi Arabia, and positions the current research as a localized strategic contribution designed to bridge this gap in line with Vision 2030.
By structuring the literature review into these thematic areas, the researcher ensures a logical flow that not only covers global trends but also maintains a strong connection to the unique needs of Saudi healthcare institutions.
2.5 [bookmark: _Toc202995486]Review of Previous Studies
In recent years, researchers have increasingly examined the intersection of Artificial Intelligence (AI) and Facility Management (FM) within the healthcare sector. Their findings highlight critical implications for operational efficiency, asset sustainability, and the ability of managers to make informed strategic decisions. The following section provides a synthesized discussion of key studies most relevant to the present research, outlining their objectives, methodologies, and main findings, while drawing connections to the integration of AI in smart FM systems.

· (Press، 2025)in the article “The Use of Artificial Intelligence in Facilities Management”, carried out a systematic review to investigate global maturity models and AI adoption trends in FM systems. The study highlighted predictive analytics, automation, and AI-enabled asset optimization as core themes shaping contemporary FM practices. At the same time, it drew attention to regional disparities in readiness and the importance of staff skills and strategic alignment.
Reflection: For this research, the study by Press is particularly valuable as it provides a benchmark for evaluating AI maturity in Saudi healthcare FM and offers a structured base for assessing local technological readiness.
The researcher considers this particularly important for Saudi Arabia, where hospitals face uneven levels of digital readiness compared to global benchmarks.
· (Ucar، 2024)in the comprehensive review “Artificial Intelligence for Predictive Maintenance Applications: Key Components, Trustworthiness, and Future Trends”, analyzed the factors that drive successful AI implementation in predictive maintenance. This included trust, quality of data, explainability, and integration with real-time systems. The findings showed that although AI can greatly enhance maintenance planning and extend system life, its effectiveness depends on overcoming technical and ethical barriers.
Reflection: These insights are highly relevant to this study since Saudi hospitals also face challenges related to digital readiness and organizational acceptance of AI in predictive maintenance.
From the researcher’s viewpoint, addressing these challenges is essential for Saudi healthcare institutions, where trust in digital systems remains a major factor influencing adoption.
· (Abdelalim، 2025)in the applied research “Optimizing Facilities Management Through Artificial Intelligence and Digital Twin Technology in Mega-Facilities”, investigated the combined use of AI with Building Information Modeling (BIM) and Digital Twin platforms. The results demonstrated substantial improvements in real-time monitoring, energy optimization, and asset lifecycle management in large healthcare facilities.
Reflection: This study supports the present research by offering practical examples that can guide the development of an AI-based FM framework in Saudi hospitals, aligned with Vision 2030.
The researcher highlights that these methods are highly applicable in the Saudi context, where sustainability and efficiency are key targets of Vision 2030.
· (Garanin، 2025)in “Digital Twins in Healthcare Administration: A Systematic Review on Novel Approaches to Management and Planning”, reviewed 428 publications to map the use of Digital Twin (DT) technologies in healthcare. The review identified applications such as predictive planning, resource optimization, and crisis simulation. The authors emphasized the role of real-time data, interoperability, and governance frameworks in ensuring effective DT adoption.
Reflection: This contributes significantly to the current study by demonstrating the strategic value of DTs and highlighting their potential for integration with AI systems in Saudi hospital FM strategies.
The researcher notes that the emphasis on governance is particularly relevant for Saudi hospitals, where regulatory frameworks are becoming stricter to ensure safe and effective technology adoption.
· (Jameil، 2025)in in the article “A Digital Twin Framework for Real-Time Healthcare Monitoring: Leveraging AI and Secure Systems for Enhanced Patient Outcomes”, proposed a hybrid DT architecture that integrates IoT data, AI analytics, and advanced cybersecurity. The framework achieved 98.9% accuracy in detecting anomalies and safeguarding patient data.
Reflection: For Saudi hospitals, this model provides an important technical foundation, especially for addressing pressing concerns such as data security and real-time integration within AI-FM systems.
The researcher believes this is especially important in the Saudi context, where concerns about data privacy and system security are among the main barriers to AI adoption.

Synthesis:
Collectively, these studies offer diverse perspectives on the evolving role of AI and DT technologies in healthcare FM. While global evidence demonstrates significant progress, the lack of region-specific research—particularly in Saudi Arabia—underscores the need for localized strategies. The present study therefore seeks to bridge this gap, aligning international best practices with the goals of Vision 2030.

In conclusion, the researcher views this gap as an opportunity to propose a framework tailored to the Saudi healthcare sector, ensuring alignment with Vision 2030 while addressing local operational realities.


2.6 [bookmark: _Toc202995487]Summary

In summary, this chapter has reviewed a wide range of recent academic and applied studies addressing the use of Artificial Intelligence (AI), Digital Twin (DT), and Facility Management (FM) in healthcare environments. The global evidence clearly demonstrates notable progress in predictive maintenance, asset sustainability, and real-time data utilization. Yet, despite these advances, the literature reveals a persistent gap when it comes to region-specific insights—particularly for Saudi Arabia’s healthcare sector.
While international experiences and theoretical frameworks offer valuable lessons, their direct application in the Saudi context remains limited due to challenges such as underdeveloped IT infrastructure, complex regulatory requirements, and varying levels of workforce readiness. This gap becomes especially visible in private healthcare institutions, where aligning with Vision 2030 demands tailored strategies.
From the researcher’s perspective, these findings confirm the urgent need for a localized, evidence-based framework that not only addresses technical and operational challenges but also aligns closely with the strategic priorities of Vision 2030. Building on the insights from the reviewed literature, the next chapter proposes a conceptual model designed to bridge this gap and guide the practical integration of AI-enhanced FM systems in Saudi hospitals.

The researcher emphasizes that without such a localized framework, Saudi healthcare institutions risk lagging behind global trends, making it imperative to translate international best practices into solutions that directly serve the Kingdom’s healthcare transformation goals.













