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ABSTRACT

In this chapter, the author follows through with Digital Twin Technology (DTT) as
a transformational tool in sustainable urban development. With cities experienc-
ing amplified pressure from rapid urbanization and climate change, DTT entails
a dynamic, information-driven method to oversee, simulate, and optimize urban
systems on the fly. The chapter shows that DTT can be used to enable energy effi-
ciency, reduction of carbon footprint, climate resilience, and inclusive governance
by conducting literature reading, case studies (e.g., Singapore, Helsinki, Shanghai),
and a strategic integration framework. It also analyzes the obstacles, technical,
organizational, and ethical in a critical manner and describes the future possibili-
ties of Al deployment, collaboration with the stakeholders, and standardization of
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frameworks. The chapter ends with the plan of action on how to implement DTT in
sustainable urban governance, which could be of help to planners, policymakers,
and research practitioners whose aim is to design smarter, more resilient, and more
equitable urban futures.

1. INTRODUCTION
1.1 Challenge of urbanization and sustainability

One of the most significant trends in the 21* century is urbanization. As per the
report of the United Nations (2018), the world today has a population that resides
in urban areas of more than 55 percent and this portion is likely to cross the line of
70 percent by 2050. This high rate of urbanization has led to critical issues in the
sense of environmental sustainability, management of resources, the resilience of
the infrastructures, and social equity (Bibir et al., 2024). Urban areas produce more
than 70 percent of internationally increasing greenhouse gases and more than two-
thirds of the world energy consumption highlighting a crucial position to achieve
climate and sustainability goals (Liu et al., 2024; Bortolini, et al., 2022). Hence,
urban sustainability is much required, as illustrated in Figure 1, which presents the
key urban sustainability challenges and their corresponding solutions. The reactive
and siloed traditional approaches to urban planning are not able to adjust to the
complexity and dynamics of bustling cities today (Weil, et al. 2023). It is required
that various systems of the management of cities, including energy, transportation,
water, and waste management, be integrated as a whole and supportively responds
to the sustainability and resilience of the urban areas (Azadi et al., 2025). To deal
with such complexities, new advanced digital technologies have emerged and one
such technology that has gained a lot of attention is Digital Twin Technology (DTT).
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