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Current Research Trends in Digital Twin Technology for Building Environmental

Engineering: A Literature Review
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Abstract

Digital twin (DT) technology is a key enabler in the architecture industry, vital for smart city development. It allows real-time monitoring,

predictive maintenance, and energy optimization throughout the building lifecycle. This study systematically compares domestic and

international research trends in architectural digital twins to identify research gaps and suggest future directions. A total of 70 papers from

domestic databases and Google Scholar were analyzed using quantitative methods, network analysis, and a four-level technology integration

framework. The analysis revealed that international studies, rapidly growing since 2019, focus on practical operation and maintenance O&M

and energy management, showing a stepwise maturity with a standardized BIM-IoT-Al integration. In contrast, domestic research remains in

an early stage, emphasizing literature reviews and theoretical foundations, with a notable lack of empirical integration (Level 2). Domestic

studies often bypass this practical data-integration stage, concentrating on theoretical (Level 1) and simulation (Level 3) methodologies. The

most critical research gap, therefore, lies at the empirical implementation level. This finding provides foundational insights to enhance

domestic research maturity, and the proposed four-level framework offers a useful tool to evaluate future integration depth.
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Figure 1. Structure of a Digital Twin Showing Data Linkage
between Physical and Virtual Worlds
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Table 1. Quantitative Analysis of International Literature

Category Application Area Count
Building Energy Management 11
Research Area Facility Management (O&M) 12
Smart City / Urban Scale 6
BIM-based 19
Applied IoT-based 11
Technology Al / Machine Learning-based 13
Computer Vision 4
Review 12
Research Framework / Model Proposal 11
Methodology Experiment / Simulation 11
Case Study 2
Total 54

Table 2. Quantitative Analysis of Domestic Literature

Category Application Area Count
Building Energy Management 3
Research Area Facility Management (O&M) 7
Smart City / Urban Scale 4
BIM-based 3
Applied IoT-based 2
Technology Al / Machine Learning-based 3
Computer Vision 1
Review 7
Research Framework / Model Proposal 5
Methodology Experiment / Simulation 4
Case Study 3
Total 16
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Figure 2. Results of the Literature Network Analysis via
Research Rabbit
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Figure 4. Results of the latest research literature
network analysis with Research Rabbit
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Figure 5. Trends in the Number of Publications by Year
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