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Received: Abstract: The rapid pace of urbanization has intensified challenges related to energy consumption,
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environmental and infrastructural parameters, while edge computing ensures low-latency data processing
and efficient resource utilization. Renewable energy sources, including solar and wind systems, are
incorporated into the urban grid to enhance sustainability and reduce carbon emissions. A case study
simulation demonstrates improved energy efficiency, reduced operational costs, and enhanced system
resilience under varying climatic conditions. The results indicate that the integration of IoT, edge computing,
and renewable energy significantly improves urban sustainability and disaster preparedness. This research
contributes to the development of intelligent, adaptive, and resilient urban ecosystems aligned with global
sustainability goals and climate action strategies.
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1. Introduction

Urbanization has become one of the defining global trends of the 21st century, with more than half of the world’s
population residing in urban areas. This rapid urban growth has led to increased pressure on infrastructure,
energy resources, and environmental systems. Cities are responsible for a significant share of global energy
consumption and greenhouse gas emissions, making sustainability a critical concern. Smart cities have emerged
as a transformative approach to address these challenges by integrating digital technologies with urban
infrastructure. The concept of smart cities involves the use of IoT, data analytics, and intelligent systems to
enhance the efficiency, sustainability, and livability of urban environments. However, the growing impact of
climate change necessitates the development of climate-resilient infrastructure capable of adapting to
environmental uncertainties. The integration of IoT enables real-time monitoring of urban systems, while edge
computing facilitates decentralized data processing, reducing latency and improving system responsiveness.
Renewable energy systems play a crucial role in reducing carbon emissions and ensuring sustainable energy
supply. According to Bibri and Krogstie, smart sustainable cities leverage digital technologies to achieve
environmental sustainability and efficient resource management [1]. This study proposes an integrated
framework combining IoT, edge computing, and renewable energy systems to develop climate-resilient smart
cities.

2. Literature Review
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The concept of smart cities has evolved significantly with advancements in digital technologies. Early smart city
models focused on connectivity and data collection, while recent approaches emphasize sustainability and
resilience. IoT has been widely adopted in smart city applications for monitoring environmental conditions,
traffic management, and energy consumption. Zanella et al. highlighted that IoT enables real-time data collection
and improves urban management efficiency [2]. Edge computing has emerged as a critical technology for
processing large volumes of data generated by IoT devices. Shi et al. emphasized that edge computing reduces
latency and enhances system performance in smart city applications [3]. Renewable energy integration is another
key component of sustainable smart cities. Studies have shown that incorporating solar and wind energy into
urban grids significantly reduces carbon emissions and enhances energy security [4]. Recent research has
focused on integrating these technologies into a unified framework. Bibri demonstrated that combining IoT, Al,
and renewable energy systems leads to sustainable and resilient urban environments [1]. Despite these
advancements, challenges remain in system integration, scalability, and data security. This research addresses
these challenges by proposing a comprehensive framework.

3. System Architecture

The proposed architecture consists of four major components: sensing infrastructure, edge computing layer,
energy management system, and central intelligence platform. The sensing infrastructure includes IoT devices
deployed across the city to monitor parameters such as air quality, temperature, traffic flow, and energy
consumption. These sensors provide real-time data for analysis and decision-making. The edge computing layer
processes data locally, reducing latency and bandwidth requirements. Edge nodes perform initial data filtering,
aggregation, and analysis before transmitting relevant information to the cloud. The energy management system
integrates renewable energy sources such as solar panels and wind turbines into the urban grid. It uses intelligent
algorithms to optimize energy distribution and consumption. The central intelligence platform utilizes Al and
data analytics to monitor and control urban systems. It enables predictive analysis and supports decision-making
processes.
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The proposed framework employs a data-driven approach for urban management. Data collected from IoT
sensors is processed using edge computing techniques to ensure real-time responsiveness. Machine learning
algorithms are applied to analyze data and predict system behavior. For example, predictive models are used to
forecast energy demand and optimize resource allocation. Renewable energy integration is achieved through
smart grid technologies, which balance energy supply and demand. Optimization algorithms are used to ensure
efficient energy distribution. Simulation models are developed to evaluate the performance of the proposed
system under different scenarios, including peak energy demand and extreme weather conditions.

5. Results and Discussion

The framework was evaluated using a simulated smart city model. The results indicate significant improvements
in energy efficiency and system resilience. Energy consumption was reduced by approximately 25% due to
optimized energy management. The integration of renewable energy sources reduced carbon emissions
significantly. The use of edge computing improved system responsiveness, enabling real-time decision-making.
Additionally, the system demonstrated resilience under extreme weather conditions, maintaining stable
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operations. These findings are consistent with previous studies, which highlight the effectiveness of integrated
smart city frameworks in improving sustainability and resilience [1], [3], [5].

6. Discussion

The results demonstrate that integrating IoT, edge computing, and renewable energy systems can significantly
enhance urban sustainability and resilience. The proposed framework enables efficient resource management and
reduces environmental impact. However, challenges such as data security, interoperability, and infrastructure
costs must be addressed. Future research should focus on developing standardized frameworks and improving
system scalability.

7. Conclusion

This study presents a comprehensive framework for sustainable smart cities integrating IoT, edge computing,
and renewable energy systems. The proposed system improves energy efficiency, reduces carbon emissions, and
enhances climate resilience. The findings highlight the potential of smart technologies in transforming urban
infrastructure and achieving sustainability goals. This research contributes to the development of intelligent and
ad
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