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Urban Digital Twins: Strategic Instruments for 

Inclusive, Resilient, and Future-Ready Cities

Welcome to this session dedicated to Urban Digital Twins (UDT) and their

transformative role in sustainable urban planning. We will explore how

these dynamic virtual replicas are redefining urban planning, resource

management, and citizen engagement, drawing in particular on Singapore's

pioneering experience.

Context: 

Singapore as a Global Leader in Smart Cities



Understanding Urban Digital Twins
An Urban Digital Twin is a dynamic, real-time virtual replica of a physical urban system, constantly updated with real-world data. More than just 

3D modeling, a UDT integrates a multitude of components to create a living and interactive simulated environment.

IoT Sensors and Edge Data

Real-time data collection on the 

environment, traffic, and infrastructure.

GIS and Spatial Analysis

Integration of geospatial data for 

contextual visualization and analysis.

3D and 4D Modeling

Detailed visual representations of the 

city, including the temporal dimension.

AI, Machine Learning, and Simulation

Algorithms for predictive analysis, optimization, and scenario 

simulation.

Citizen Feedback Loops

Integration of citizen contributions for participatory planning.



Understanding Urban Digital Twins
An Urban Digital Twin is a dynamic, real-time virtual replica of a physical urban system, constantly updated with real-world data. More than just 

3D modeling, a UDT integrates a multitude of components to create a living and interactive simulated environment.

Feature BIM / 3D Model Urban Digital Twin (UDT)

Static vs. Dynamic Static snapshots Real-time, continuously updated

Scope Building-level focus Multi-scale: city, district, region

Data Integration Architectural/structural
Cross-domain: mobility, health, energy, 
climate

Simulation Design-oriented Predictive, operational, policy testing

Interactivity Limited Interactive, citizen-engaged



Singapore's Smart City Ecosystem
Singapore is globally recognized as a leader in smart cities, thanks to a holistic approach and a national strategy. Their ec osystem is based on 

integrated platforms that connect various urban sectors.

Key Pillars

• Transportation

• Health

• Water

• Governance

• Energy

National Platforms

• Smart Nation Sensor Platform (SNSP) for data collection.

• Virtual Singapore, a Digital Twin platform at the city scale.



Urban Digital Twins and Low-Carbon Mobility
Urban Digital Twins are powerful catalysts for rethinking mobility, promoting greener and more efficient solutions that reduce the 

carbon footprint of cities. They enable dynamic and predictive management of transport flows.

Traffic Optimization

Real-time analysis to streamline traffic and reduce congestion.

Public Transport Simulation

Scenario modeling to improve the efficiency of public 

transport networks.

Predictive Maintenance of EVs

Forecasting maintenance needs for electric vehicle 

infrastructure.

LTA Case Study

Singapore's Land Transport Authority (LTA) uses UDTS to 

significantly reduce congestion and emissions.



Effective Resource Management via UDTs

Urban Digital Twins transform the management of essential resources by enabling precise optimization and proactive problem 

detection. This ensures a more sustainable use of water, energy, and waste.

Optimization of Water 
Distribution

UDTs allow real-time monitoring of 

distribution networks, detection of leaks, 

and optimization of pressure, thereby 

reducing waste and ensuring better water 

quality. PUB in Singapore uses this 

approach to strengthen water security.

Dynamic Balancing of Energy 
Consumption

By modeling consumption and 

production patterns, UDTs adjust energy 

distribution to maximize efficiency and 

integrate renewable energies, optimizing 

the use of the electrical grid.

Optimization of Waste 
Collection

UDTs can simulate waste collection 

routes, taking into account container fill 

levels and traffic conditions, which 

reduces operational costs and the carbon 

footprint of collection vehicles.



Adaptive and Resilient Infrastructure
Urban Digital Twins are essential for building cities capable of facing climate challenges and natural disasters. They offer advanced simulation tools to test 

infrastructure resilience and plan effective responses.

1
Flood Prediction and Response Scenarios

Modeling hydrological risks to anticipate floods and develop evacuation or water management plans.

2
Testing Resistance to Climate Scenarios

Evaluating the capacity of infrastructure to withstand extreme weather events (storms, heat waves, 

etc.).

3
Disaster Modeling (Earthquakes/Heat Waves)

Simulating the impacts of earthquakes or intense heat waves to identify vulnerabilities 

and strengthen urban security.

4
Integration with Smart Building Systems

Connecting with smart buildings for coordinated resource management and 

rapid emergency response.



Citizen-Centered Governance

Urban Digital Twins are redefining civic engagement by providing interactive platforms that facilitate citizen participation in the 

planning and development of their city. They promote a more transparent and inclusive approach to governance.

Participatory Planning

Digital interfaces allowing citizens to 

visualize, comment on, and co-create 

urban projects. Interactive platforms 

facilitate collaboration and the 

expression of community needs.

Co-design of Public Spaces

Citizens can test virtual layouts, share 

their ideas on the use of public spaces, 

and influence planning decisions.

Gamified Platforms for Civic 
Engagement

Use of gamification to encourage 

participation, making the experience 

more interactive and engaging. 

Immersive simulations allow for a 

better understanding of urban issues.



The Power of Scenario Simulation

Urban Digital Twins are strategic tools for decision support. They allow simulating the impact of different policies and 

understanding the consequences of urban choices before their implementation, thus offering a prospective vision.

• "What If..." Analyses for Public Policy: Evaluation of the potential effects of new regulations, development projects, or zoning 

changes. Simulation of the socio-economic and environmental impact before implementation.

• Simulation of Urban Futures: Creation of predictive models to visualize the evolution of the city under different trajectories of 

growth, urbanization, or sustainability. Identification of the best paths for resilient development.

• Anticipation of Cascade Impacts: Understanding the interconnections between urban systems. For example, the impact of a 

zoning change on traffic, air quality, or energy demand.



Adapting UNTs to Local Realities
The effectiveness of Urban Numerical Twins depends on their ability to adapt to the specificities of each city. An environmen tal, 

cultural and regulatory calibration is essential to guarantee their relevance and acceptance.

Environmental Calibration

Take into account local specificities such as urban heat 

islands, coastal areas or fragile ecosystems for accurate 

simulations.

Adaptation to Cultural Values and 
Behaviors

Integrate the social dynamics and cultural preferences of 

the inhabitants to design adapted and accepted solutions.

Compliance with Local Regulatory 
Frameworks

Ensure that the UNT complies with urban planning laws, 

construction standards and local regulations regarding data 

and confidentiality.

Flexible and Modular Digital Architectures

Design UNTs with open architectures that allow the 

integration of new data and new modules according to the 

evolving needs of the city.



Examples of International Best Practices
Cities around the world are adopting Urban Digital Twins to address their specific challenges, from carbon neutrality to wate r 

management. These examples demonstrate the versatility and impact of UDTs on a global scale.



Conclusion & Call to Action

• UDTs are not just technological tools, but enablers of systemic change

• Urban transformation requires aligning digital and human systems

• Encourage cities to invest in localized, inclusive UDT ecosystems

Thank you 
& 

open for Q&A
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