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Digital Twin (DT) technology enables the creation of virtual replicas of physical assets, facilitating 

real-time monitoring, predictive maintenance, and data-driven decision-making in estate 

management and infrastructure planning. This study investigates the adoption and economic impact 

of digital twin technology in estate and urban infrastructure projects during 2023. Data were collected 

from 160 estate managers, infrastructure planners, and property developers across Asia, Europe, and 

Africa, alongside 120 building and infrastructure projects implementing DT solutions. Quantitative 

analysis, including descriptive statistics and regression modeling, was employed to assess operational 

efficiency, maintenance cost reduction, and decision-making improvement. Findings indicate that DT 

adoption reduced maintenance costs by 18%, improved operational efficiency by 22%, and enhanced 

infrastructure planning accuracy by 16%. Regression analysis confirms that DT implementation 

significantly predicts efficiency gains and cost savings (R² = 0.53, p < .01). The study concludes that 

digital twin technology provides substantial economic and operational benefits and recommends 

strategic adoption in estate management and urban infrastructure planning. 

 

ABSTRACT 
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1. Introduction 

Digital Twin technology represents a transformative approach in estate management and urban infrastructure 
planning. By creating real-time virtual replicas of physical assets, DT enables continuous monitoring, predictive 
maintenance, and scenario-based planning (Batty et al., 2023; Qi et al., 2023). 

In 2023, estate managers and urban planners increasingly leverage DT to optimize resource allocation, reduce 
operational costs, and enhance decision-making for complex infrastructure projects. Despite technological 
advancements, limited empirical data exist on the economic and operational outcomes of DT adoption in estate and 
infrastructure management, particularly in developing countries and rapidly urbanizing regions. 

This study investigates the effectiveness of digital twin technology in improving operational efficiency, reducing 
maintenance costs, and supporting infrastructure planning decisions. 

Statement of the Problem 

Ideally, estate management and infrastructure projects should: 

• Optimize resource allocation and operational efficiency 

• Reduce maintenance and operational costs 

• Improve accuracy in planning and predictive decision-making 

Challenges include: 

• High initial investment and technological integration complexity 

• Limited technical expertise among property managers and planners 

• Uncertainty regarding measurable economic benefits 

Without systematic adoption and evaluation, the potential of DT technology may remain underutilized. 

Objectives of the Study 

i. To assess the adoption of digital twin technology in estate management and infrastructure projects. 
ii. To evaluate DT’s impact on operational efficiency, maintenance costs, and planning accuracy. 
iii. To provide recommendations for strategic implementation and optimization of DT in estate and infrastructure 
management. 

Research Questions 

i. What are the levels of adoption of digital twin technology in estate management and infrastructure projects? 
ii. How does DT adoption influence operational efficiency, maintenance costs, and infrastructure planning accuracy? 
iii. What strategies can optimize DT implementation for maximum economic and operational benefits? 

Statement of Hypotheses 

i. H₀₁: Digital twin technology adoption does not significantly reduce maintenance costs in estate 
management and infrastructure projects. 

ii. H₀₂: DT implementation does not significantly improve operational efficiency. 
iii. H₀₃: Adoption of DT does not significantly enhance accuracy in infrastructure planning and decision-making. 

 

 



International Journal of Architecture, Quantity Surveying and Estate Systems  | IJAQSES 
Vol. 1., No. 1| October, 2025 | pp. 16-20 

DeRose, 2025  
 

18 

2. Literature Review 

Conceptual Review 

Digital Twin Technology 

A Digital Twin is a dynamic virtual model of a physical asset that integrates real-time data through sensors, IoT, and 
analytical algorithms to monitor, simulate, and optimize performance (Batty et al., 2023). DT applications include 
predictive maintenance, asset management, energy monitoring, and scenario planning for infrastructure projects. 

Estate Management and Infrastructure Planning 

Estate management encompasses the operation, maintenance, and optimization of properties, while infrastructure 
planning involves designing, managing, and forecasting urban and facility systems. Integration of DT can enhance 
operational insights, reduce costs, and inform data-driven planning decisions (Qi et al., 2023). 

Theoretical Review 

This study draws on Systems Theory and Technology Acceptance Model (TAM): 

• Systems Theory posits that digital integration of physical and virtual assets improves organizational 
efficiency and decision-making. 

• Technology Acceptance Model suggests that perceived usefulness and ease of use determine adoption 
and effective utilization of DT systems. 

These frameworks support the premise that DT technology adoption enhances operational efficiency and economic 
performance in estate and infrastructure management. 

Empirical Review 

Batty et al. (2023) found that DT-enabled urban infrastructure projects achieved 15–20% improvements in 
operational efficiency and predictive maintenance accuracy. Qi et al. (2023) observed an 18% reduction in 
maintenance costs and a 12% improvement in planning accuracy in property management projects deploying DT. 
These studies demonstrate DT’s potential for measurable economic and operational gains. 

3. Methodology 

Research Design 

Quantitative research design using surveys, project performance data, and regression modeling. 

Dataset 

• 160 estate managers, infrastructure planners, and property developers 

• 120 estate and infrastructure projects with DT implementation 

• Project types: Residential estates (45%), Commercial properties (30%), Urban infrastructure (25%) 

• Data collection period: January–December 2023 

Data Collection 

• Surveys on DT adoption, operational benefits, and decision-making improvements 

• Project performance metrics: maintenance costs, operational efficiency, and planning accuracy 



International Journal of Architecture, Quantity Surveying and Estate Systems  | IJAQSES 
Vol. 1., No. 1| October, 2025 | pp. 16-20 

DeRose, 2025  
 

19 

• Data from DT software dashboards, building management systems, and urban planning models 

Data Analysis 

• Descriptive statistics for adoption rates, efficiency gains, and cost reductions 

• Regression analysis to evaluate DT impact on maintenance costs, operational efficiency, and planning 
accuracy 

• Comparative analysis with non-DT projects 

4. Data Presentation and Analysis 

Table 1: Adoption of Digital Twin Technology 

Metric Adopted Not Adopted % Adoption 

Real-time monitoring systems 110 50 68.8% 

Predictive maintenance modules 95 65 59.4% 

Infrastructure planning simulations 85 75 53.1% 

Energy and resource management 100 60 62.5% 

Source: Survey and Project Data, 2023 

Table 2: Economic and Operational Outcomes 

Metric DT-Enabled Projects Conventional Projects % Improvement 

Maintenance Cost Reduction 18% 0% +18% 

Operational Efficiency Increase 22% 0% +22% 

Planning Accuracy Improvement 16% 0% +16% 

Source: Project Performance Analysis, 2023 

Regression Analysis: DT Adoption vs. Economic Outcomes 

• R² = 0.53, p < .01 

DT adoption significantly predicts maintenance cost reduction, operational efficiency gains, and infrastructure 
planning accuracy. 

Hypothesis Testing 

• H₀₁ rejected: DT adoption significantly reduces maintenance costs 

• H₀₂ rejected: DT significantly improves operational efficiency 

• H₀₃ rejected: DT significantly enhances planning accuracy and decision-making outcomes 
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5. Summary of Findings, Conclusion and Recommendations 

Summary of Findings 

i. DT adoption reduces maintenance costs by 18% and improves operational efficiency by 22%. 
ii. Infrastructure planning accuracy improves by 16% in DT-enabled projects. 
iii. Regression analysis confirms significant economic and operational benefits from DT adoption. 

Conclusion 

Digital Twin technology is an effective tool for enhancing estate management and infrastructure planning. Despite 
initial integration costs, DT provides measurable reductions in maintenance expenses, improved operational 
efficiency, and better-informed planning decisions, supporting its adoption in contemporary estate and urban 
development projects. 

Recommendations 

i. Encourage estate developers and urban planners to integrate DT solutions from project inception. 
ii. Provide training and capacity building for personnel to maximize DT utility. 
iii. Develop policy incentives for smart infrastructure and DT adoption. 
iv. Implement DT-driven monitoring and predictive maintenance systems across large-scale estate and urban 
projects. 
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