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Abstract 

Rapid advances in Artificial Intelligence (AI) are creating new opportunities to address environmental challenges 

while improving the way urban areas are planned, managed, and experienced. Technologies such as machine learning, 

computer vision, and natural language processing can support energy optimization, pollution control, waste 

processing, water management, and efficient use of urban resources. This chapter presents the role of AI in promoting 

environmental sustainability within smart-city environments, with emphasis on predictive analysis, real-time 

monitoring, intelligent decision support, and data-driven urban management. It further discusses AI applications in 

transportation, infrastructure, buildings, public services, and civic engagement. Along with these opportunities, the 

chapter considers important concerns related to privacy, cybersecurity, algorithmic bias, inclusiveness, energy 

consumption, and governance. Finally, emerging directions such as federated learning, edge AI, green AI, and climate-

oriented urban modelling are discussed as approaches for developing resilient and sustainable cities. 
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1. Introduction 

Urbanization and climate change are closely connected challenges that are reshaping the requirements of modern 

cities. As urban populations increase, the demand for electricity, transportation, housing, water, waste services, and 

other essential resources also grows. Without efficient planning and management, this growth can increase 

environmental pressure, congestion, pollution, and resource consumption. Smart-city approaches seek to address these 

concerns by combining digital technologies, connected devices, data analytics, and intelligent decision-making 

mechanisms. 

Artificial Intelligence has emerged as an important component of this transformation. By learning from historical 

information and processing data collected from sensors and other digital systems, AI can support timely prediction, 

automation, optimization, and decision-making. Its applications extend from environmental monitoring and energy 

management to intelligent mobility, infrastructure planning, public safety, and citizen services. 

AI also has relevance to several United Nations Sustainable Development Goals (SDGs), particularly affordable and 

clean energy (Goal 7), sustainable cities and communities (Goal 11), responsible consumption and production (Goal 

12), and climate action (Goal 13). Within smart-city environments, AI can therefore be viewed not only as a 

technological tool but also as an enabling mechanism for improving resource efficiency, environmental performance, 

and urban resilience [1, 2, 10]. 
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2. AI Applications for Environmental Sustainability 

AI-based environmental applications combine data analytics, machine learning, sensor information, and automated 

decision support to understand environmental conditions and improve the use of natural and urban resources. These 

systems can assist authorities and service providers in identifying patterns, forecasting changes, detecting abnormal 

conditions, and selecting appropriate responses. Major applications include environmental prediction, energy 

management, waste management, and water-resource optimization [6, 9, 10]. 

              

                Figure 1. AI applications for environmental sustainability. 

2.1 Predictive Environmental Monitoring 

Predictive AI models can process historical observations together with real-time sensor data to estimate future 

environmental conditions. Applications include forecasting air-quality levels, identifying potential water-pollution 

events, and providing early indications of hazards such as floods and wildfires. Such predictions can support 

preventive measures and improve the preparedness of emergency-management agencies. 

For example, IBM's Green Horizons initiative demonstrated the use of AI for forecasting urban air-quality conditions, 

including applications in cities such as Beijing. These forecasts can provide information that supports data-informed 

responses to pollution and environmental management [11]. 

2.2 Energy Efficiency and Renewable Energy Integration 

Energy management is a major area in which AI can contribute to sustainable urban development. AI-enabled smart-

grid systems can forecast electricity demand, optimize distribution, and support demand-response activities. They can 

also help coordinate variable renewable sources such as solar and wind by analysing generation patterns and matching 

supply with changing demand [6]. 

A frequently cited example is Google's application of DeepMind AI to data-centre cooling. The system was reported to 

reduce cooling-related energy consumption substantially, demonstrating how AI-based control can improve energy 

efficiency in complex infrastructure [6]. 

2.3 Intelligent Waste Management 

Urban waste management involves collection, transportation, sorting, recycling, and disposal. AI and computer-vision 

systems can improve these activities by identifying waste categories, optimizing collection routes, monitoring 

containers, and supporting automated sorting. Better sorting and routing can reduce unnecessary transportation and 

increase opportunities for recycling. 
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ZenRobotics provides an example of AI-supported robotic sorting for construction and demolition waste. Its systems 

use artificial intelligence and robotic mechanisms to identify and separate materials, illustrating the potential of 

automation in modern waste-processing facilities [3]. 

2.4 Water Resource Management 

Water is a critical urban resource, and AI can assist in monitoring consumption, detecting possible leaks, predicting 

equipment failures, and improving irrigation decisions. Data-driven models can identify unusual patterns in water use 

and help utilities respond more efficiently to operational problems. These capabilities are relevant to both urban water 

infrastructure and agricultural applications [5, 6]. 

Pluto AI, for example, applies machine-learning approaches to water-treatment and infrastructure data to support 

operational monitoring and prediction of equipment failures [5]. 

3. AI in Smart Cities 

The application of AI in smart cities extends beyond environmental management. AI can support the operation of 

transportation networks, urban infrastructure, buildings, public services, and governance systems. By combining real-

time information with predictive analytics, smart-city platforms can respond to changing conditions and improve the 

coordination of urban services [2, 8, 10]. 

 

 

                   

                  Figure 2. AI applications across major smart-city domains. 

3.1 Intelligent Transportation Systems 

Transportation systems generate large volumes of data from vehicles, traffic signals, road sensors, cameras, and 

public-transport networks. AI can analyse these data to forecast traffic conditions, optimize signal timing, improve 

route planning, and support autonomous-vehicle technologies. More effective traffic management can contribute to 

shorter travel times, reduced congestion, and lower vehicle emissions [8, 10]. 

Barcelona has been cited as an example of a city using AI-related technologies to improve traffic management and 

public-transport planning by analysing changing mobility patterns [8, 10]. 
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3.2 Urban Planning and Infrastructure 

Sustainable urban planning requires the analysis of spatial, demographic, environmental, and infrastructure-related 

information. AI can assist planners by identifying patterns in geospatial data, evaluating land-use alternatives, locating 

suitable areas for green spaces, and supporting the design of lower-carbon infrastructure. These capabilities can 

strengthen evidence-based planning and help cities respond to changing population and resource requirements [4, 8]. 

Sidewalk Labs' work on digitally supported urban design illustrates the use of data and computational approaches to 

explore planning strategies associated with energy efficiency, land use, and sustainability [4]. 

3.3 Smart Buildings and Resource Management 

Buildings account for significant energy use through lighting, heating, ventilation, cooling, and other services. AI-

enabled building-management systems can adjust these systems according to occupancy, environmental conditions, 

and usage patterns. Automated control can reduce unnecessary energy consumption while maintaining suitable indoor 

conditions [6, 8]. 

Building-management platforms such as Siemens' Desigo CC demonstrate how intelligent building systems can 

integrate operational information to monitor and manage energy use in office and other building environments [8]. 

3.4 Public Safety and Governance 

AI can also support public safety, emergency response, and digital government services. Applications include 

automated assistance through citizen-service chatbots, analysis of information for emergency management, and 

systems designed to monitor public spaces. These applications can improve the speed and coordination of selected 

urban services, although they also require careful attention to privacy, transparency, and accountability [2, 8]. 

Singapore has been cited for its use of AI-related technologies in areas such as public-space management, crowd 

monitoring, and e-government services [2, 8]. 

4. Challenges and Ethical Considerations 

The deployment of AI for sustainable smart cities involves technical, environmental, social, and governance 

challenges. Large-scale data collection can create privacy and cybersecurity risks, while biased training data can result 

in unequal outcomes. At the same time, the computational requirements of advanced AI systems may themselves 

consume substantial energy. Consequently, sustainable AI requires attention not only to the benefits generated by AI 

but also to the costs and risks associated with its development and deployment [7, 9]. 

4.1 Data Privacy and Security 

Smart-city AI systems depend on continuous collection and processing of information from sensors, devices, vehicles, 

buildings, and citizens. When such information can be linked to individuals or sensitive activities, privacy risks may 

arise. Strong data-governance procedures, appropriate security controls, responsible data handling, and clear 

regulatory frameworks are therefore important for maintaining public trust [7]. 

4.2 Bias and Inclusivity 

AI systems learn from the data used during development and training. If those data contain historical or structural 

biases, the resulting systems may reproduce unequal patterns in automated decisions or service delivery. Smart-city 

solutions should therefore be designed and evaluated with attention to fairness, accessibility, and the needs of 

vulnerable or underrepresented groups [7, 9]. 

4.3 Environmental Cost of AI 

Although AI can support environmental sustainability, the development and operation of large AI models can require 

considerable computational resources and electricity. This creates an environmental cost that should be considered 

when evaluating the overall sustainability of an AI application. Green-AI practices therefore emphasize efficient 

algorithms, responsible computation, and efforts to reduce the carbon footprint associated with AI systems [6, 9]. 
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4.4 Policy and Governance 

The integration of AI into city administration requires appropriate institutional and legal frameworks. Governance 

mechanisms should clarify responsibilities, establish accountability, support transparency, and protect citizens' rights. 

Ethical standards and regulatory practices are important for ensuring that AI-enabled urban services are deployed 

responsibly and maintain public confidence [7, 9]. 

5. Future Directions 

The next stage of AI-enabled sustainable cities is likely to depend on collaboration among computer scientists, urban 

planners, environmental researchers, engineers, policymakers, and citizens. Open and responsibly governed data 

environments can encourage innovation, while citizen participation can help ensure that technological development 

addresses practical urban needs. Several emerging approaches are particularly relevant to future smart-city systems [2, 

6, 8, 9, 10]. 

• Federated learning: Enables models to be trained across distributed data sources while reducing the need to 

centralize sensitive information. 

• Edge AI: Moves selected AI processing closer to sensors and devices, supporting faster decisions and 

potentially reducing communication and cloud-processing requirements. 

• Green AI: Focuses on improving computational efficiency and reducing the energy use and carbon footprint of 

AI systems. 

• Climate-oriented AI modelling: Uses AI and environmental data to support anticipatory planning and 

adaptation to changing urban climate conditions. 

Conclusion 

Artificial Intelligence can contribute significantly to the development of sustainable and resilient smart cities by 

supporting intelligent monitoring, resource optimization, environmental prediction, efficient mobility, and responsive 

public services. Its value is particularly evident when large and continuously changing datasets must be analysed to 

support timely urban decisions. Applications in energy, transportation, waste, water, buildings, and environmental 

monitoring demonstrate the broad scope of AI for sustainable urban development [2, 6, 8, 9, 10]. 

At the same time, successful deployment depends on responsible system design and governance. Privacy and 

cybersecurity, fairness and inclusion, computational energy requirements, transparency, and institutional 

accountability must be considered alongside technical performance. Future smart-city initiatives can benefit from 

approaches such as federated learning, edge AI, green AI, and climate-oriented modelling. A balanced integration of 

these technologies can help cities pursue improved environmental performance while supporting resilient and people-

centred urban development. 
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