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ABSTRACT

Digital Twin Technology (DTT) has emerged as a transformative tool in the construction sector, enabling sustainable development by optimizing resource
management, reducing waste, and enhancing lifecycle efficiency. This systematic literature review (SLR) examines the role of DTT in achieving sustainability
goals within the construction industry. Following PRISMA guidelines, a structured search was conducted across IEEE Xplore, SpringerLink, ScienceDirect, and
MDRPI, resulting in 16 studies selected for in-depth analysis. The findings highlight that DTT integrates real-time data from Building Information Modeling (BIM),
10T sensors, and predictive analytics, improving decision-making, construction efficiency, and stakeholder collaboration. However, barriers such as high
implementation costs, integration challenges, and data security concerns hinder widespread adoption. The review concludes that while DTT offers significant
benefits, standardized frameworks, investment in training, and integration with emerging technologies are essential for its broader adoption. Future research should

focus on overcoming these challenges to maximize DTT’s impact on sustainable construction.

Keywords: Digital Twin Technology, Construction Industry, Sustainability

1. Introduction

The construction industry is a significant contributor to global economic growth, yet it is also one of the largest consumers of natural resources and
energy, accounting for a substantial portion of global carbon emissions. As the world increasingly focuses on sustainable development, there is an urgent
need for the construction sector to adopt technologies that can mitigate its environmental impact while enhancing efficiency and productivity. Digital
Twin Technology (DTT) has emerged as a transformative tool that offers significant potential to address these challenges by enabling the creation of
virtual replicas of physical assets, processes, and systems in the construction industry.

Digital Twin Technology provides a dynamic, real-time digital counterpart of a physical entity, which allows for continuous monitoring, analysis, and
optimization throughout the lifecycle of construction projects. By integrating various data sources, including Building Information Modeling (BIM),
Internet of Things (loT) sensors, and advanced simulation tools, DTT facilitates predictive maintenance, efficient resource management, and improved
decision-making processes, all of which are crucial for achieving sustainability goals in construction.

The growing interest in DTT within the construction industry is reflected in the increasing volume of research dedicated to exploring its applications,
benefits, and challenges. For instance, Zhou et al. (2021) highlight the integration of design and construction processes through DTT, which enhances
the efficiency and accuracy of construction projects, leading to significant reductions in material waste and construction time. Similarly, Liu (2022)
discusses the role of DTT in enhancing construction safety by enabling real-time monitoring and predictive analysis, thereby reducing accidents and
improving overall project sustainability.

However, the adoption of DTT in the construction industry is not without its challenges. Issues such as high implementation costs, the complexity of
integrating DTT with existing systems, and concerns about data security and privacy are significant barriers that must be addressed to fully realize the
potential of this technology (Omrany et al., 2023, Cheng et al., 2024). Moreover, the lack of standardized frameworks and the need for skilled personnel
to manage and operate DTT systems further complicate its widespread adoption (Zhou, Wei, et al., 2021).

Given the critical role that DTT can play in advancing sustainable construction practices, it is essential to conduct a systematic review of the current
literature to understand how this technology is being utilized in the construction sector. This review aims to address several key research questions: How
does DTT contribute to the sustainability of construction processes? What are the key benefits and challenges associated with its adoption? What is the
impact of DTT on the efficiency and sustainability of resource management? How do digital twins enhance collaboration among stakeholders? And
finally, how does DTT support the lifecycle management of sustainable construction projects?

By systematically reviewing the existing literature, this study seeks to provide a comprehensive overview of the current state of DTT in the construction
industry, identify the key drivers and barriers to its adoption, and suggest directions for future research. The findings of this review will not only contribute
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to the academic discourse on DTT but also offer practical insights for industry practitioners and policymakers seeking to leverage this technology to
achieve sustainable development goals in construction. This systematic literature review aims to address several key research questions:

. RQ1. How does Digital Twin Technology contribute to the sustainability of construction processes?

. RQ2. What are the key benefits and challenges associated with the adoption of Digital Twin Technology in achieving sustainable construction
goals?

. RQ3. What is the impact of Digital Twin Technology on the efficiency and sustainability of resource management in construction?
. RQ4. How do Digital Twins enhance collaboration among stakeholders to achieve sustainable construction goals?
. RQ5. How does Digital Twin Technology support the lifecycle management of sustainable construction projects?

This systematic literature review is structured as follows: The methodology section outlines the approach used to identify, select, and analyze relevant
studies. The results section addresses the research questions by summarizing the key findings from the reviewed literature. The discussion section
interprets these findings in the context of the broader literature and industry trends, and the conclusion highlights the implications of this research for
theory and practice, as well as directions for future research.

2. Methodology

This systematic literature review was conducted following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines. The PRISMA framework ensures that the review process is transparent, replicable, and comprehensive, covering all relevant aspects of the
research questions.

2.1 Eligibility criteria

For an article to be included in this review, it needed to meet several key criteria that align with the scope and objectives of the study. These prerequisites
were established to ensure that only relevant and high-quality studies were considered:

2.1.1 Inclusion criteria (IC)

To be included in this review, studies had to meet the following criteria:

IC1: The article must focus specifically on the application or impact of Digital Twin Technology (DTT) within the construction industry.
1C2: The publication must be a peer-reviewed journal article, conference paper, or technical report.

1C3: The study should have been published between 2019 and 2024.

1C4: The article must be available in English.

IC5: The study should provide empirical data, case studies, or systematic reviews related to DTT in construction.
2.1.2 Exclusion criteria (EC)

An article was excluded from this review if it failed to meet any of the following criteria:

EC1.: Papers that do not explicitly address the intersection of DTT and sustainability in the construction industry.
EC2: Studies that are not peer-reviewed, such as opinion pieces or editorial articles.

EC3: Publications focusing on industries other than construction.

EC4: Articles that are not available in English.

ECS5: Studies that lack empirical data, case studies, or systematic reviews relevant to DTT in construction.
2.2 Information sources

The information for this SLR was gathered from reputable academic databases and digital libraries. The primary sources included IEEE Xplore, Wiley,
ResearchGate, ScienceDirect, SpringerLink, and MDPI.
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Table 1 - Online sources used in this work

No. Source URL

1 IEEE Xplore https://ieeexplore.ieee.org/

2 Wiley https://onlinelibrary.wiley.com/
3 ResearchGate https://www.researchgate.net/
4 ScienceDirect https://www.sciencedirect.com/
5 SpringerLink http://www.link.springer.com/
6 MDPI https://www.mdpi.com/

2.3 Search strategy

The search strategy was designed to capture a comprehensive set of studies that align with the review's objectives. A combination of keywords was used
to search the databases, including "Digital Twin Technology," "sustainability," "construction," and "construction lifecycle." Boolean operators (AND,
OR) were utilized to refine the search queries and ensure the retrieval of relevant articles. For example, searches such as "Digital Twin AND Sustainability
AND Construction" were performed across all databases.

To ensure that the search was exhaustive, both titles and abstracts were scanned for relevance, and backward and forward citation tracking was used to
identify additional studies that might have been missed in the initial search.

To ensure that the search was exhaustive, both titles and abstracts were scanned for relevance, and backward and forward citation tracking was used to
identify additional studies that might have been missed in the initial search.

2.4 Selection process

The selection process was conducted in multiple stages. Initially, all identified articles were screened by their titles and abstracts to determine their
relevance to the review's research questions. Articles that appeared relevant were then subjected to a full-text review to assess their eligibility based on
the inclusion and exclusion criteria. Any discrepancies in the selection process were resolved through discussion among the reviewers to ensure
consistency and accuracy.

To manage the selection process efficiently, a standardized form was used to record the decision-making process at each stage, noting reasons for
exclusion where applicable.
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Fig. 1 - Selection process
2.5 Data collection process

Data from the selected studies were systematically collected using a pre-defined data extraction template. This template was designed to capture essential
information from each study, including the publication details (author, year, title, and type of publication), research objectives, methodology, key findings,
and conclusions. Specific attention was given to the aspects of the study that related directly to the research questions, such as the impact of DTT on
sustainability, resource management, and stakeholder collaboration in construction.

2.6 Data extraction and synthesis

The extracted data were analyzed to identify patterns, themes, and gaps in the literature. The key findings were categorized according to the research
questions, allowing for a structured synthesis of the evidence. Particular emphasis was placed on comparing the benefits, challenges, and overall impact
of DTT on sustainable construction practices. This process enabled the identification of recurring themes and provided insights into the current state of
knowledge, as well as areas where further research is needed.

3. Results and Discussion

The results and discussion section synthesizes the findings from the reviewed literature, focusing on how DTT acts as a catalyst for sustainable
development in the construction industry. The results are structured according to the key research questions of the systematic literature review, and the
discussion examines the implications of these findings for the construction sector.

3.1 How does Digital Twin Technology Contribute to the Sustainability of Construction Processes?

DTT contributes to sustainability in construction processes by enhancing efficiency, reducing waste, and enabling better decision-making through real-
time data analysis. Zhou et al. (2021) highlight that DTT integrates design and construction stages, leading to more accurate simulations of construction
processes and allowing teams to optimize resource usage before actual work begins (Zhou et al., 2021). This not only reduces material waste but also
shortens construction timeframes, contributing to more sustainable construction outcomes.

DTT’s ability to predict and monitor building performance throughout the construction and operational phases is another key factor in its contribution to
sustainability. Omrany et al. (2023) demonstrate that DTT helps minimize energy use and waste generation during construction by providing data-driven
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insights that enable construction managers to make adjustments to project plans in real-time (Omrany et al., 2023). This real-time optimization also
extends to building operations, where DTT is used to monitor and control energy consumption, leading to more energy-efficient buildings over their
entire lifecycle.

Additionally, DTT integrates Building Information Modeling (BIM) and Internet of Things (loT) systems, which allow for enhanced visualization and
tracking of building processes. Liu et al. (2022) argue that the integration of these technologies with DTT provides a holistic view of construction
processes, enabling stakeholders to achieve higher levels of sustainability by identifying inefficiencies and addressing them proactively (Liu, 2022).

Overall, the literature agrees that DTT significantly enhances the sustainability of construction processes by improving resource efficiency, reducing
waste, and facilitating energy optimization throughout the project lifecycle.

3.2 What are the Key Benefits and Challenges Associated with the Adoption of Digital Twin Technology in Achieving Sustainable
Construction Goals?

The benefits of adopting DTT in construction are substantial, with many studies highlighting its role in improving project efficiency, reducing costs, and
promoting sustainability. According to Liu et al. (2022), one of the primary benefits of DTT is its ability to simulate multiple construction scenarios,
allowing project managers to select the most sustainable and cost-effective options before physical construction begins (Liu, 2022). This reduces the risk
of delays, rework, and cost overruns, which are common in traditional construction methods. Moreover, DTT enhances collaboration among stakeholders
by providing a shared, real-time view of construction progress, leading to more coordinated efforts toward achieving sustainability goals (Opoku et al.,
2022).

On the other hand, several challenges hinder the widespread adoption of DTT in the construction industry. The high cost of implementing DTT,
particularly for small and medium-sized enterprises (SMEs), is one of the most significant barriers. Additionally, Kineber et al. (2023) note that integrating
DTT into existing construction management systems can be complex, requiring substantial technical expertise and system compatibility. Data security
and privacy concerns are also raised in the literature, particularly when large amounts of sensitive project data are shared among various stakeholders
Naderi and Shojaei (2022).

The lack of a standardized framework for implementing DTT in construction is another significant challenge. Different construction projects have unique
requirements, and the absence of standardized protocols makes it difficult to develop universal DTT solutions. Tuhaise et al. (2023) suggest that industry-
wide standards and guidelines need to be established to facilitate the seamless integration of DTT across various construction projects.

Despite these challenges, the benefits of DTT in achieving sustainable construction goals are clear, and the literature suggests that addressing these
obstacles through investment in technology, training, and the development of standardized frameworks will be critical to expanding DTT adoption.

3.3 What is the Impact of Digital Twin Technology on the Efficiency and Sustainability of Resource Management in Construction?

DTT plays a pivotal role in improving resource management efficiency in construction by providing accurate data on resource usage, enabling
construction teams to reduce waste and optimize procurement strategies. Opoku et al. (2022) demonstrate that DTT allows for real-time monitoring of
material usage and inventory, leading to significant reductions in material waste and more efficient use of resources throughout the construction process.
This capability not only reduces environmental impact but also lowers project costs, as fewer materials are required, and waste disposal costs are
minimized.

Additionally, the integration of DTT with other technologies, such as BIM and IoT, allows for the real-time tracking of materials and energy usage, which
contributes to more sustainable resource management practices. Liu et al. (2023) emphasize that DTT facilitates the recycling and reuse of materials,
supporting circular economy principles in construction. By tracking material lifecycles and enabling more effective recycling processes, DTT reduces the
need for new raw materials and lowers the carbon footprint of construction projects.

DTT also enhances energy efficiency in buildings by providing real-time insights into energy consumption patterns and enabling adjustments to be made
to improve energy performance. Feng et al. (2021) note that DTT allows construction managers to simulate energy usage scenarios before physical
construction, helping them design energy-efficient buildings from the outset. These simulations help optimize building systems and ensure that they
operate sustainably throughout their lifecycle.

3.4 How does Digital Twins Enhance Collaboration Among Stakeholders to Achieve Sustainable Construction Goals?

One of the key benefits of DTT is its ability to enhance collaboration among stakeholders by providing a shared, real-time platform for data visualization
and decision-making. According to Ryzhakova et al. (2022), DTT facilitates better communication between architects, engineers, construction managers,
and clients by offering a digital replica of the construction project that all parties can access. This shared platform ensures that all stakeholders are aligned
on project goals, timelines, and sustainability objectives, reducing the risk of miscommunication and delays.

DTT also promotes integrated project delivery (IPD), a project management approach that brings together all stakeholders early in the project lifecycle
to collaborate on shared sustainability goals. Omrany et al. (2023) note that DTT supports IPD by providing stakeholders with real-time simulations of
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project outcomes, allowing them to evaluate the environmental impact of different design choices and make informed decisions (Omrany et al., 2023).
This collaborative approach ensures that sustainability is a central focus throughout the project lifecycle.

In addition to improving communication and collaboration, DTT enables stakeholders to track and manage project progress more effectively. Zhou, Wei,
and Peng (2021) argue that DTT’s real-time monitoring capabilities allow stakeholders to identify potential issues early in the construction process and
address them before they escalate, leading to more sustainable outcomes.

3.5 How does Digital Twin Technology Support the Lifecycle Management of Sustainable Construction Projects?

Digital Twin Technology provides robust support for lifecycle management by enabling continuous monitoring and optimization of building performance
from the design phase through operation and decommissioning. DTT allows construction managers to track building performance metrics, such as energy
consumption, carbon emissions, and resource usage, in real time, enabling proactive maintenance and adjustments that extend the building’s lifespan.

Salem and Dragomir (2022) argue that DTT’s continuous monitoring capabilities significantly reduce the need for reactive maintenance, which often
involves resource-intensive repairs and replacements. By predicting maintenance needs and optimizing building systems, DTT contributes to more
sustainable lifecycle management practices and reduces the environmental impact of construction projects over time.

Furthermore, DTT facilitates the simulation of different lifecycle scenarios, enabling construction managers to assess the long-term sustainability of their
projects before physical construction begins. Zhou et al. (2021) highlight that DTT allows for the simulation of energy performance over a building’s
entire lifecycle, helping project teams design energy-efficient buildings that perform sustainably throughout their operational phases.

Finally, DTT enables construction teams to continuously assess and refine their sustainability practices by providing detailed data on environmental
performance. Naderi and Shojaei (2022) note that DTT’s ability to track sustainability metrics in real time allows project teams to adjust their strategies
to meet evolving sustainability goals, ensuring that projects remain aligned with industry standards and regulations.

4. Conclusion

This systematic literature review demonstrates that Digital Twin Technology plays a crucial role in advancing sustainable development within the
construction industry by enhancing efficiency, optimizing resource management, reducing waste, and fostering stakeholder collaboration. Despite
challenges such as high implementation costs, complexity in integration, and data security concerns, the potential benefits of DTT such as real-time
monitoring, predictive analytics, and lifecycle management make it a transformative tool for achieving sustainability goals. The review highlights that
addressing these barriers through technological advancements, industry-wide standards, and upskilling of professionals will be key to fully realizing
DTT's potential in creating more sustainable construction practices. Future research should focus on overcoming these challenges and exploring the
integration of DTT with emerging technologies to further enhance its impact on sustainable construction.
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