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Introduction

The rapid expansion of urbanization, increasing air pollution, growing waste production,
and high energy demand have become some of the most pressing environmental
challenges of our time. Addressing these issues has made urban environmental
management an essential priority in the drive for sustainable development. In this
context, Artificial Intelligence (AI) has emerged as a powerful tool for environmental
governance and smart city management, offering the capability to process vast amounts
of data, uncover intricate patterns, and support dynamic decision-making processes.
Despite its immense potential, a review of current studies shows that most research has
concentrated on individual environmental aspects such as air pollution, waste
generation, or energy use, with limited efforts to approach these areas from a
comprehensive and integrated perspective. This study aims to bridgeithat gap by
systematically analyzing Al applications across three critical demainsg— air quality
management, waste management, and urban energy optimization - to fhighlight how
this technology can contribute to building resilient and,sustainable urbafi®nvironments. |

Methodology \

This study utilized a Structured Review methodology toygather and analyze data from
reputable academic databases, including Web ofiiScience; Scopus, IEEE Xplore,
ScienceDirect, and Google Scholar. By employing focused keywords such as artificial
intelligence, urban environmental management, air quality prediction, waste
management, and energy optimization, a total of 356 articles published within the period
of 2017 to 2025 were‘identified. Aftertigorous screening for relevance, along with the
elimination of duplicates and incomplete records, a set of 69 studies was selected for
comprehensive evaluation. Key information‘extracted from each paper encompassed
aspects such as the algorithm type, data sources, application areas, major findings, and
challenges outlined by thieyauthors.\This data/was systematically organized into three
primary thematic categories: aif quality management, waste management, and urban
energy optimization, ¥following,a comparative qualitative and thematic analysis
approach.

\

Findings

Findingsteveal that most studies target air pollution monitoring and prediction. Machine
learning anddeep learning models, including LightGBM, LSTM, CNN, and Random
Forest, outperform traditional methods in forecasting pollutant levels like PM2.s, PMio,
and NOa. The hybrid Light GBM—-LSTM model showed top performance with an R? of
0.91 and 97.5% accuracy. Using satellite data and urban sensor networks has enabled
spatiotemporal pollution predictions and virtual air monitoring stations. In waste
management, Al combined with [oT and Vision Al has enhanced processes like
Collection, segregation, and recycling. Techniques such as CNNs, Dijkstra's algorithm,
regression, and reinforcement learning have optimized fleet routing and waste
generation predictions. Smart systems featuring NB-IoT and LoRaW AN sensors cut fuel

ng efficiency.Urban energy studies focus on optimizing efficiency. Machine learning,

adaptive controls, and predictive analytics in smart buildings and energy networks have achieved 15-30% reductions in
energy use and emissions. Al-driven real-time data analysis and load forecasting allow self-regulating energy management

across urban systems.

Discussion and Conclusion

A comparative analysis across three domains reveals that while significant advancements have been achieved in each sector,
the distribution of research remains uneven. The primary focus has been placed on air quality, whereas the fields of energy
and waste management are yet to reach a practical level of maturity. From an interdisciplinary perspective, the shared
feature across all areas is their reliance on real-time data, explainable algorithms, and intelligent urban infrastructure.
Artificial intelligence has effectively optimized management processes, spanning from monitoring to decision-making, by
integrating environmental, social, and infrastructural data. Overall findings suggest that Al, through predictive analytics and
decision-support capabilities, can serve as a foundational pillar for urban environmental governance. However, several
challenges persist, including the lack of standardized datasets, high implementation costs, computational complexities, and
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limitations in model interpretability. To address these obstacles, policymakers and urban planners are advised to focus on
three key strategies: Enhancing data infrastructure and smart sensing networks; Developing explainable and hybrid models
tailored for environmental applications; Promoting interinstitutional and cross-disciplinary collaborations to facilitate
technology and knowledge transfer. Ultimately, this study highlights the central role of artificial intelligence in advancing
smart, resilient, and low-carbon cities. It underscores how integrating modern technologies with urban policymaking can
pave the way towards achieving Sustainable Development Goal 11 (SDG 11).
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