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[bookmark: _Toc196047755]Abstract
This research proposal investigates how Application Programming Interfaces (APIs), supported by Artificial Intelligence (AI) and Digital Twin (DT) technologies, can significantly improve the efficiency, reliability, and sustainability of Mechanical and Electrical (M & E) systems in existing commercial buildings. M & E systems, such as heating, ventilation, air conditioning (HVAC), and power distribution, are the major energy consumers and operational cost drivers. Their optimisation is essential for achieving Net - Zero Carbon targets and aligning with international sustainability frameworks.
Through a mixed - method research design, including stakeholder surveys, expert interviews, and comparative case studies, this study will assess how these emerging technologies can enhance predictive maintenance, improve operational decision - making, and reduce energy consumption by 20 - 30%. The project also considers barriers such as the lack of API standardisation, cybersecurity risks, technical incompatibility with legacy systems, and organisational resistance to change.
By developing practical recommendations and a robust implementation framework, this research will contribute to both academic understanding and industry practices. It aims to support building operators, engineers, and policymakers in adopting scalable and sustainable digital strategies, while ensuring compliance with ethical standards and data governance requirements.
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[bookmark: _Toc196047757]1. Introduction
[bookmark: _Toc196047758]1.1 Research Context
[bookmark: _Hlk195962148][bookmark: _Hlk196121662][bookmark: _Hlk195962158][bookmark: _Hlk196121648]Buildings account for nearly 40% of global energy consumption and 36% of carbon dioxide (CO₂) emissions, positioning the built environment as a critical area for climate action (International Energy Agency, 2023). Most new constructions have incorporated energy -saving features like thermal insulation, smart glazing, and passive ventilation. However, existing commercial buildings, particularly those over 20 years old, often rely on outdated operational systems, inefficient equipment, and manual maintenance approaches that lead to energy wastage and increased operational costs (Almazam et al., 2025).
[bookmark: _Hlk195962170]Mechanical and Electrical (M & E) systems, including HVAC, lighting, and power infrastructure, can account for the high energy use in a building (IEA, 2023). Common problems include reactive maintenance approaches, poor interoperability among systems, and fragmented monitoring using Building Management Systems (BMS) and Building Information Modelling (BIM). These limitations make it difficult to manage buildings efficiently and sustainably.
[bookmark: _Hlk195962185][bookmark: _Hlk196121674]Technological advancements such as AI and Digital Twins (DTs) are beginning to address these issues (Figure 1). A DT creates a real - time digital replica of a physical asset or system by using data from IoT (Internet of Things) sensors and APIs. Combined with AI algorithms, these systems can autonomously adjust settings based on environmental data, occupancy patterns, and historical trends, improving fault detection, energy efficiency, and occupant comfort (Pollock et al., 2024).

[image: A diagram of a process

AI-generated content may be incorrect.]
[bookmark: _Toc197091030]Figure 1: Integration of Digital Twins, IoT, and AI for Smart Building Management.
[bookmark: _Hlk196121687](Alnaser, Maxi and Elmousalami, 2024).




[bookmark: _Toc196047759]1.2 Problem Statement and Research Question
Despite the growing availability of smart technologies, countless buildings remain underperforming in terms of energy use and maintenance efficiency. This disconnect is commonly known as the "M & E Efficiency Gap." Several factors contribute to this issue, including outdated infrastructure, a reliance on reactive maintenance rather than proactive strategies, limited digital integration, and inconsistent or proprietary API designs that prevent seamless system communication (Pollock et al., 2024).
[bookmark: _Hlk196121701]Bridging this efficiency gap could result in substantial operational and environmental benefits. Studies suggest that AI and DT integration can reduce energy consumption and maintenance costs by up to 30% in some building types (Cheng et al., 2023). However, adoption remains uneven due to technical, organisational, and economic challenges.
Research Question: How can API - driven AI and Digital Twin technologies address the M & E Efficiency Gap in existing commercial buildings to enhance predictive maintenance and improve energy efficiency?

[bookmark: _Toc196047760]1.3 Research Aim and Objectives
Primary Aim: To develop a practical and adaptable framework for enhancing sustainability and operational performance in existing commercial buildings using API - driven AI and DT technologies.
Objectives:
· Assess the effectiveness of AI - powered DTs in optimising HVAC, lighting, and power distribution systems.
· Examine the role of API standardisation in supporting predictive maintenance and interoperability.
· Identify technical, organisational, and cybersecurity barriers to technology adoption in retrofit settings.
· Compare the performance of AI / DT - enhanced systems with conventional BMS through multi - sector case studies.

[bookmark: _Toc196047761]1.4 Project Overview
This research proposal presents a comprehensive plan to explore the potential of API -enabled AI and DT technologies in improving the post - construction performance of M & E systems in existing commercial buildings. The research approach is grounded in both theoretical and practical foundations, integrating multiple methods to ensure a rich and balanced understanding of the subject. The project is structured to begin with a detailed literature review that will establish the existing knowledge base and identify gaps. This is followed by data collection through industry surveys and expert interviews to capture a wide range of stakeholder insights.



The project further incorporates comparative case studies to evaluate real - world implementations, contrasting AI / DT - integrated buildings with those using traditional BMS systems. This triangulated research model aims to uncover best practices, contextual challenges, and scalable strategies for enhancing building efficiency and sustainability. The project will lead to a user - oriented framework designed to inform future retrofit initiatives, improve policy alignment, and encourage digital innovation in the built environment.

[bookmark: _Toc196047762]1.5 Significance of the Study
This study contributes uniquely to the academic and professional discourse by focusing specifically on retrofitting existing buildings, a domain often overshadowed by the digital innovation seen in new constructions. From an academic standpoint, it bridges gaps in existing literature by combining themes related to AI, DTs and API integration, and sustainable building operations. The research will enrich understanding of how these technologies can be meaningfully applied in complex, real - world settings.
From an industry perspective, the findings aim to offer practical solutions for facilities managers, engineers, sustainability officers, and policymakers. These insights will not only support the shift toward proactive maintenance and energy - efficient operations but also align with pressing environmental mandates. Predictive maintenance alone can lead to significant cost savings and improved operational reliability (Pollock et al., 2024).
In terms of policy alignment, the research reinforces objectives laid out in the EU’s Energy Performance of Buildings Directive (EPBD), the UK’s Future Homes Standard, and the UN Sustainable Development Goals (especially SDGs 11 and 13) Figure 2. By supporting data - driven decision - making and promoting best practices in digital retrofitting, this study aspires to inform guidelines, standardisation efforts, and long - term sustainability strategies for the construction and facilities management industries.

[image: A chart of different colored squares]
[bookmark: _Toc197091031]Figure 2: Digital twin implementations supporting UN SDGs.
[bookmark: _Hlk195885053][bookmark: _Hlk196121742](Hassani, Huang and MacFeely, 2022)

[bookmark: _Toc196047763]2. Literature Review
[bookmark: _Toc196047764]2.1 Energy Consumption and Sustainability Challenges
Commercial buildings play a critical role in the global energy landscape, especially older structures that often operate with inefficient systems and outdated practices. M & E systems, which include HVAC, lighting, and electrical infrastructure, are responsible for 60 - 70% of total energy consumption in such buildings (IEA, 2023) illustrated in Figure 3. As governments and industries aim to meet Net - Zero targets, improving energy efficiency in these systems becomes an urgent priority.
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AI-generated content may be incorrect.]
[bookmark: _Toc197091032]Figure 3: Commercial Buildings Energy Consumption
[bookmark: _Hlk196121777](EIA, 2016)
[bookmark: _Hlk196121798]Modern energy - efficient technologies have been widely implemented in new buildings, but older buildings present unique challenges. Many lack the digital infrastructure to support smart energy management. For example, limited metering, manual data logging, and disconnected control systems make it difficult to monitor performance or anticipate faults. Also, high energy bills and increased carbon emissions are typical outcomes of these inefficiencies (Datakwip, 2023).
In addition, the operational focus of facility management teams is often on maintaining continuity rather than investing in system upgrades, particularly when budgets are constrained. These realities emphasise the need for scalable and cost - effective retrofit solutions tailored to older building stock.

[bookmark: _Toc196047765]2.2 AI and Digital Twin Technologies in M&E Systems
AI and DT technologies provide innovative solutions for improving building operations. AI enables smarter decision - making by using algorithms that learn from past data and adjust operations in real - time. Techniques such as supervised learning predict when system failures might occur, while unsupervised learning detects anomalies without 


[bookmark: _Hlk196565310][bookmark: _Hlk196121811]predefined rules. Reinforcement learning enables dynamic control responses, adapting to occupant behaviour or environmental conditions (Villano, Mauro and Pedace, 2024).
[bookmark: _Hlk196121820][bookmark: _Hlk195962313]DTs add value by offering virtual models that mirror physical systems. These models evolve through various stages: collecting real - time sensor data, feeding it into a simulation environment, and enabling predictive analytics and automated responses. Cespedes-Cubides and Jradi (2024) detail how DTs can help facilities detect faults early, simulate scenarios, and fine - tune performance.
[bookmark: _Hlk196121831][bookmark: _Hlk195962327]However, most implementations have focused on new constructions. In retrofit settings, the challenges increase integrating with older systems, aligning digital outputs with physical performance, and ensuring that both legacy and modern technologies can communicate effectively. The AEC Associates, (2023) emphasise the importance of digital modelling environments like BIM to manage this integration but note that practical applications in existing buildings are still developing.

[bookmark: _Toc196047766]2.3 Predictive Maintenance Strategies and Retrofit Considerations
Predictive Maintenance (PdM) has become an essential strategy for extending asset life, reducing downtime, and minimising costs. Unlike reactive or scheduled maintenance, PdM uses real - time monitoring and AI - driven analysis to forecast when systems need servicing. This approach not only prevents failures but also ensures better allocation of maintenance resources. (Figure 4:)
[bookmark: _Hlk196121845]Tejani, (2024) highlight that PdM can reduce maintenance costs by as much as 30%. In the context of older buildings, PdM is particularly attractive because it allows facility managers to preserve existing systems for longer, delaying the need for full - scale replacements.
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[bookmark: _Toc197091033]Figure 4: Benefits and risks of major maintenance approaches.
[bookmark: _Hlk196121856](PNNL, 2021)

However, retrofitting PdM in legacy systems presents both technical and organisational handicaps. Numerous buildings have fragmented maintenance records or use analogue equipment without embedded sensors. Additionally, smaller building owners or public institutions may lack the digital skills or funding required to adopt AI - driven maintenance tools. As such, a “one size fits all” approach will not work, and solutions must be adaptable to a range of operational contexts.

[bookmark: _Toc196047767]2.4 API Integration and Cybersecurity in Retrofitted Buildings
[bookmark: _Hlk195962366][bookmark: _Hlk196121868]APIs are essential for connecting disparate systems in smart buildings. They function as the interface through which software and hardware exchange data. However, in practice, there are existing systems using proprietary APIs or closed platforms, making interoperability a major obstacle (Taboada-Orozco et al., 2024).
Standardising APIs could simplify integration, allowing AI and DT platforms to interact with HVAC systems, lighting controls, and occupancy sensors. Without such standards, integration becomes time - consuming and costly, undermining the scalability of smart retrofits.
[bookmark: _Hlk195962379]Additionally, cybersecurity has emerged as a top concern. As buildings become more connected, they are increasingly exposed to cyber threats. Retrofitted systems often lack basic security features like encrypted communication or user access control. Cheung, (2015) points out that without robust safeguards, vulnerabilities in smart infrastructure could be exploited, causing operational disruptions or data breaches. Thats why, cybersecurity planning must be part of any retrofit strategy.

[bookmark: _Toc196047768]2.5 Literature Review Summary
The literature reviewed, shows convincing evidence that AI and DT technologies can transform building operations, especially when applied strategically through predictive maintenance and integrated platforms. Even so, significant gaps remain in the research and practice of applying these technologies to existing buildings.
[bookmark: _Hlk195962399][bookmark: _Hlk196121901][bookmark: _Hlk195962420]Several studies stress the promise of smart systems but also highlight barriers to implementation. For instance, Azari et al., (2024) call attention to the structural and technical difficulties in retrofitting older assets. Boje et al. (2020) states that technological success depends equally on human factors, such as staff engagement and digital readiness.
This research will build on the insights and recommendations of these sources, while proposing a retrofit focused framework that balances technological innovation with real -world constraints. It will prioritise interoperability, cost efficiency, and stakeholder engagement to support sustainable transformation in the built environment.





[bookmark: _Toc196047769]3. Methodology
[bookmark: _Toc196047770]3.1 Research Design
To address the M & E Efficiency Gap in retrofitted commercial buildings, this research employs a mixed - methods approach. This strategy combines the strengths of both quantitative and qualitative data collection and analysis to ensure a comprehensive understanding of the challenges and opportunities surrounding API - driven AI and DT technologies.
Quantitative methods will be used to gather broad based industry data that reflects current practices, awareness, and performance metrics. In contrast, qualitative methods will provide deeper insights into stakeholder experiences, motivations, and implementation hurdles. This dual approach allows for triangulation of findings, enhancing the reliability and applicability of the results.
The chosen design is well suited to the multifaceted nature of the research question. It acknowledges the complexity of integrating digital technologies into diverse building environments, where technical, human, and organisational factors intersect. It also offers the flexibility to explore unanticipated themes that may emerge during data collection.

[bookmark: _Toc196047771]3.2 Quantitative Research: Surveys
Target Participants: Survey participants will include professionals from various sectors of the built environment, including facility managers, M & E engineers, BIM coordinators, sustainability officers, and consultants. Their input will reflect a range of perspectives from different building types (e.g., offices, hospitals, schools).
Sample Size and Sampling Strategy: The target is to collect between 20 and 30 completed responses. A purposive sampling approach will be used to ensure the sample includes participants with relevant experience. Recruitment will be facilitated through professional associations (CIBSE, BSRIA), LinkedIn networks, and industry webinars.
Survey Design: (Appendix A)  
The survey will include a mix of closed and open-ended questions. Topics will cover:
· Familiarity with AI, DTs, and APIs
· Current use of predictive maintenance practices
· Perceived and measured energy and maintenance outcomes
· Challenges to adoption and integration of smart technologies
· Organisational readiness and budget constraints
Data Analysis: Data will be analysed using SPSS. Descriptive statistics will identify general trends, while inferential statistics (e.g., correlation and regression analysis) will examine relationships between variables such as technology adoption and system efficiency.



[bookmark: _Toc196047772]3.3 Qualitative Research: Expert Interviews
Participants: Between 5 and 8 interviews will be conducted with domain experts, including technology developers, building operations directors, sustainability strategists, and academic researchers.
Themes and Topics: (Appendix B) 
Interviews will explore:
· First - hand experiences with smart retrofitting
· Technical integration challenges and best practices
· Views on API standardisation and cybersecurity
· Factors influencing organisational buy - in and staff adoption.
· Lessons learned and future expectations for AI / DT technologies.
Interview Process: Semi - structured interviews will be conducted via video call or in - person where feasible. All interviews will be recorded (with consent), transcribed, and analysed using NVivo software to extract key themes and patterns.

[bookmark: _Toc196047773]3.4 Comparative Case Study Analysis
Selection Criteria: Case studies will be selected to include both buildings that have implemented AI / DT systems (test group) and those using traditional BMS (control group). Selection will prioritise accessibility to data and variation in building type and sector.
Data Collected:
· Historical and current energy consumption records (kWh/m²)
· Maintenance logs (frequency, cost, fault types)
· Occupant satisfaction surveys or feedback
· Implementation timelines and cost structures
Evaluation Framework: Drawing on frameworks by Cespedes-Cubides and Jradi (2024), the case studies will evaluate the comparative impact of AI and DT technologies on energy use, operational cost, system reliability, and user experience. These insights will support the development of scalable implementation models.

[bookmark: _Toc196047774]3.5 Ethical Considerations and Limitations
Ethical Approval:
Ethical clearance will be obtained through university protocols (submitted separately). All participants will be provided with detailed information sheets and consent forms.
Data Privacy:
Survey and interview responses will be anonymised, securely stored, and processed in compliance with GDPR regulations. Sensitive data from case studies will be de - identified.

Data Analysis Tools:
Quantitative and qualitative data will be analysed using SPSS and NVivo. For the survey results, SPSS will support statistical summaries such as averages, frequencies, cross -tabulations, and regression analysis. For the interview data, NVivo will be used to conduct structured thematic analysis by coding participant responses, identifying recurring themes, and visualising insights. This approach ensures transparency, rigour, and alignment with the academic standards.
Anticipated Limitations:
· Access to proprietary building data may be limited.
· Survey response rates may vary by sector.
· Case studies may not reflect all types of building operations, limiting generalisability.
Despite these limitations, the chosen methodology ensures a robust and practical investigation that can deliver meaningful guidance for retrofitting commercial buildings with sustainable digital technologies.

[bookmark: _Toc196047775]4. Predicted Outcomes
[bookmark: _Toc196047776]4.1 Anticipated Research Outcomes
This research is expected to provide valuable outcomes that inform both theory and practice. The integration of AI and DTs into retrofitted M & E systems is projected to offer the following benefits:
· [bookmark: _Hlk195958599]Improved Fault Detection: Predictive maintenance capabilities enabled by AI could significantly reduce equipment failure rates. Early fault detection may lower emergency maintenance needs by 25 - 40% and improve overall reliability (PNNL, 2021).
· [bookmark: _Hlk195962486]Energy Efficiency Gains: Automated energy optimisation using real - time data is expected to achieve energy savings between 20 - 30%, particularly in HVAC and lighting systems. This contributes directly to carbon reduction goals (Almazam et al., 2025).
· Operational Intelligence: DTs can generate dynamic insights through dashboards and analytics that support smarter long - term decision - making. This could include scheduling predictive maintenance, budgeting lifecycle upgrades, and benchmarking building performance against comparable properties (Pollock et al., 2024).
· Guidance for Implementation: The project will produce a framework tailored to help industry stakeholders transition to smarter M & E systems through a structured, evidence - based approach. This will include technical pathways, budgeting strategies, and suggestions for workforce development.
These benefits are also highlighted in Figure 4.



[bookmark: _Toc196047777]4.2 Implementation Challenges
The transition to API - driven AI and DT systems is not without its handicaps. Key challenges anticipated include:
· Technical Barriers: Legacy infrastructure may be incompatible with modern data systems. This includes lack of embedded sensors, outdated wiring, and limited processing power in control units.
· Organisational Constraints: Some organisations may lack the internal expertise or financial flexibility to implement these solutions. Cultural resistance to technological change and unclear return on investment (ROI) further complicate adoption (Pollock et al., 2024).
· Cybersecurity Risks: As more building systems become interconnected, cybersecurity threats become more pronounced. Retrofitted systems are particularly vulnerable due to inconsistent protocols and weak legacy defences. Ensuring robust encryption, authentication, and continuous monitoring will be critical.
These issues will be explored in detail through stakeholder input and case studies. The aim is to develop mitigation strategies that make implementation more feasible.

[bookmark: _Toc196047778]4.3 Evaluation Metrics
To ensure the reliability of results, performance will be measured through a series of clear Key Performance Indicators (KPIs):
· Energy Use Intensity (EUI): Comparing kWh/m² before and after implementation.
· Maintenance Cost Reduction: Assessing the decrease in reactive maintenance expenses.
· System Downtime: Monitoring frequency and duration of unplanned outages.
· Prediction Accuracy: Evaluating how accurately AI systems forecast maintenance needs versus actual outcomes.
· User Feedback: Measuring stakeholder satisfaction, ease of use, and operational improvements through structured surveys.










[bookmark: _Toc196047779]4.4 Sensitivity Analysis
A sensitivity analysis will enhance the robustness of the findings by examining how key factors influence performance outcomes:
· Sensor Performance: Evaluating how data quality affects AI predictions.
· AI Model Type: Comparing the effectiveness of different AI approaches (e.g., supervised, unsupervised, reinforcement learning).
· Building Usage Variables: Exploring how variables like building type, occupancy patterns, and geographic location impact system effectiveness.
This analysis will help ensure that the proposed solutions can be applied in diverse building contexts.

[bookmark: _Toc196047780]4.5 Stakeholder Engagement and Feedback Integration
Stakeholder involvement is vital to this research. Engagement will occur at multiple stages:
· Surveys and Interviews: Initial input will shape the understanding of industry needs and current limitations.
· Case Study Validation: Participants from selected buildings will be invited to comment on interim findings.
· Workshops and Webinars: Mid - project and post - project events may be organised to evaluate recommendations and foster dialogue.
This inclusive approach ensures that the proposed implementation framework is grounded in practice and aligns with the expectations of those who will use it.

[bookmark: _Toc196047781]4.6 Building on Prior Research
This study builds on the staged implementation model presented by Cespedes-Cubides and Jradi (2024), which includes data acquisition, simulation, and real - time control. By applying this model to retrofitted buildings, this research aims to validate its applicability in environments with older systems and limited digital maturity.
Also, the research will contrast forecast - based and real - time analytics in actual case studies. This will allow for a detailed comparison between expected performance (via simulation) and operational results (via DT feedback), enhancing the academic and practical value of the findings.
In addition to the application of established frameworks, this study will use ResearchRabbit (2025) (Figure 5:) as a tool to systematically identify and track scholarly works with similar themes and methodological approaches. By observing citation patterns and related studies, the platform will assist in mapping the intellectual landscape surrounding AI and DT integration in retrofit contexts. This process will help ensure that the research builds on the most relevant and impactful prior work, while also identifying emerging gaps and opportunities for academic contribution.
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[bookmark: _Toc197091034]Figure 5: Connections between papers.
[bookmark: _Hlk196121960](ResearchRabbit, 2025)

[bookmark: _Toc196047782]5. Conclusion and Project Roadmap
[bookmark: _Toc196047783]5.1 Summary of Key Insights
This research proposal highlights the substantial opportunities presented by API - driven AI and DT technologies in improving the sustainability, reliability, and efficiency of M & E systems in existing commercial buildings. It recognises that while digital transformation is gaining traction in new constructions, retrofitting legacy buildings with smart technologies remains an underdeveloped but critical domain.
Key insights include:
· M & E systems are central to operational efficiency and carbon footprint, particularly in older buildings.
· AI and DTs offer actionable pathways for enhancing predictive maintenance and system optimisation.
· Technical incompatibility, lack of standardised APIs, and cybersecurity vulnerabilities are key barriers.
· Organisational readiness and policy frameworks must support adoption through training, incentives, and standardised guidance.
The project not only contributes to academic knowledge but also serves as a roadmap for practitioners and policymakers seeking to enhance building performance using digital tools.


[bookmark: _Toc196047784]5.2 Project Outline and Objectives
The proposed research will proceed through the following stages:
· Literature Review: Establishing the theoretical and practical foundations of AI and DT applications.
· Survey Distribution: Collecting industry wide data on current practices, awareness, and perceived barriers.
· Expert Interviews: Gaining detailed insights from professionals involved in digital retrofits.
· Case Studies: Conducting comparative analysis of traditional and smart enabled buildings.
· Framework Development: Producing an evidence - based guide for implementing smart retrofits in various contexts.
Sector specific differences, such as building function, ownership model, and budget flexibility, will also be accounted for in the analysis.

[bookmark: _Toc196047785]5.3 Industry and Policy Implications
The research is positioned to influence both industry practices and regulatory developments. Potential contributions include:
· Policy Support: Providing data to guide public policies and funding schemes that encourage sustainable retrofits.
· Best Practice Guidelines: Offering building professionals clear recommendations for deploying AI and DT systems.
· Return on Investment (ROI) Justification: Demonstrating the long - term cost savings and performance benefits of predictive maintenance.
· Training Needs: Identifying gaps in digital skills and informing professional development strategies.











[bookmark: _Toc196047786]5.4 Ethical and Regulatory Considerations
Ethical considerations have been integrated into every stage of the research design. These include:
· Data Privacy Compliance: Ensuring that all participant and building data are managed in accordance with GDPR and university ethical standards.
· Informed Consent: Participants will be briefed on the nature, purpose, and scope of the research before giving consent.
· AI Ethics: Promoting transparency in algorithmic decision - making and safeguarding against bias in predictive models.
· Cybersecurity Recommendations: Offering technical guidelines for protecting smart systems in retrofit scenarios.

[bookmark: _Toc196047787]5.5 Long - Term Impact and Future Research
Beyond its immediate application, this study aims to provide a foundation for:
· Scalable Solutions: Enabling broader application of retrofit frameworks in buildings with diverse characteristics.
· Knowledge Transfer: Informing academic curricula, professional certifications, and continuing education.
· Future Studies: Serving as a springboard for further research or cross - disciplinary collaboration on digital sustainability.
Ultimately, this project seeks to influence how cities, institutions, and developers manage building infrastructure. Its outcomes aim to not only reduce operational costs and carbon emissions, but it will also promote a culture of innovation and resilience in the built environment.












[bookmark: _Toc196047788]6. Project Timetable (Gantt Chart)
The proposed project will span approximately nine months, from March 2025 to January 2026. The overlapping timeline allows for efficient workflow and integration of tasks. Each phase builds upon its findings to support continual development and responsiveness to emerging insights.
	Task
	Start Date
	End Date
	Description

	Literature Review
	23-05-2025
	30-06-2025
	Review academic and industry sources for foundational insights.

	Survey Design & Piloting
	01-06-2025
	15-07-2025
	Develop and test survey questions for clarity and relevance.

	Interview Guide Development
	20-06-2025
	25-07-2025
	Create key themes and questions for expert interviews.

	Survey Distribution & Data
	16-07-2025
	31-08-2025
	Distribute surveys and collect responses.

	Expert Interviews
	01-08-2025
	15-09-2025
	Conduct and transcribe expert interviews.

	Case Study Analysis
	20-08-2025
	30-09-2025
	Analyse data from selected case study buildings.

	Quantitative Data Analysis
	01-09-2025
	20-10-2025
	Use SPSS to analyse survey responses.

	Qualitative Data Analysis
	21-10-2025
	10-11-2025
	Use NVivo to code and analyse interview data.

	Drafting Findings & Discussion
	11-11-2025
	30-11-2025
	Synthesize findings and write analytical discussion.

	Writing Chapters 1–3
	15-11-2025
	15-12-2025
	Draft Introduction, Literature Review, and Methodology sections.

	Writing Chapters 4–5
	01-12-2025
	31-12-2025
	Draft Results and Conclusion chapters.

	Editing & Proofreading
	01-01-2026
	10-01-2026
	Check spelling, clarity, and formatting.

	Final Formatting & Referencing
	11-01-2026
	15-01-2026
	Finalise references and layout.

	Final Submission
	16-01-2026
	20-01-2026
	Submit completed research document.






[image: ]
[bookmark: _Toc197091035]Figure 6: Project Timetable (Gantt Chart)
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[bookmark: _Toc196047792]Appendix A: Survey Questions (Example)

1. What is your current role in relation to building management or sustainability?
2. How familiar are you with AI, Digital Twin, or predictive maintenance technologies?
3. Does your facility currently employ any smart technologies for M&E systems?
4. What are the main barriers you have encountered in adopting digital tools?
5. What benefits do you associate with using AI and Digital Twins in building operations?
6. What organisational or technical changes would help support adoption?



[bookmark: _Toc196047793]Appendix B: Interview Guide (Example)

1. Can you describe a successful or unsuccessful experience implementing a smart building solution?
2. What integration or compatibility issues did you face during the implementation?
3. How does your organisation manage data privacy and cybersecurity in smart systems?
4. What role does staff training or culture play in the adoption of new digital tools?
5. From your perspective, what key improvements would encourage wider adoption of AI / DT in retrofits?









[bookmark: _Toc196047794]Appendix C: AI Use Disclosure Statement
As part of my preparation for this research proposal, I used various AI tools to help with specific tasks, like planning the structure, researching information, and checking grammar. This is in line with the UWTSD - ACFA7004 module rules, which allows for AI support for research, structure, and proofreading, but not for writing the actual content of the proposal.
Below is a list of the AI tools and references with examples of prompts used and how they helped during this process:

AI Tools Used

· ChatGPT
OpenAI, 2025. ChatGPT (March–April version). Available at: https://chat.openai.com/chat (Accessed: 16 May 2025).

· Copilot
Microsoft, 2025. Copilot (March–April version). Available at: https://www.microsoft.com/copilot (Accessed: 16 May 2025).

· Gemini
Google, 2025. Gemini (March–April version). Available at: https://www.google.com/gemini (Accessed: 16 May 2025).


AI Prompts and Their Use
· Planning the Proposal Structure
Prompt: “Looking at the 'Research Proposal Guidelines,” can you create a structure to follow?”
How it helped: It gave a clear outline based on the university expectations.

· Exploring AI and Digital Twins
Prompt: “How can AI be used most effectively when working with Digital Twins?”
How it helped: It helped understand how AI can work with digital twins in construction.

· Finding Recent Developments
Prompt: “What are the most recent developments in the Digital Twin and AI concepts?”
How it helped: It pointed me toward current trends and ideas for me to research further.


· Searching for Up – to – Date Research
Prompt: “Can you provide a list of the most recent and up – to – date research on Digital Twins with integrated AI systems?”
How it helped: It suggested topics and keywords for my academic research.

· Creating Survey Questions
Prompt: “Can you suggest survey questions for facility managers and M & E engineers regarding their use of AI and Digital Twin technologies?”
How it helped: Gave me ideas for useful and relevant survey questions.

· Planning Interview Questions
Prompt: “What are some key questions to include in an interview guide for experts in AI and building management systems?”
How it helped: Helped to create questions I could use in interviews with professionals.

· Designing Visual Aids
Prompt: “Can you suggest visual aids, such as charts or diagrams, to include in my research proposal?”
How it helped: It gave me ideas for the images I could use to explain complex ideas more clearly.

· Making a Gantt Chart
Prompt: “Can you help me create a Gantt chart for my research proposal?”
How it helped: Helped me plan and show a clear research timeline for the project.

· Explaining AI Use
Prompt: “How should I disclose the use of AI in my research proposal?”
How it helped: Helped me write this section to clearly explain how I have used AI within this research proposal.
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