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ABSTRACT 

The IoT-Enabled Urban Utility Management System represents a transformative step forward in the 

management of essential city infrastructure. By integrating advanced Internet of Things (IoT) 

technologies, this system enables efficient monitoring and control of key urban utilities such as street 

lighting, water pumps, and drainage systems. At the heart of the system lies the ESP32 

microcontroller, a powerful and flexible platform perfectly suited for IoT applications. Acting as the 

central processor, the ESP32 coordinates data collection and executes control commands across the 

system. To deliver its comprehensive functionality, the system employs a variety of sensors and 

modules. A Real-Time Clock (RTC) is included to maintain precise timing, essential for scheduled 

operations like automatically turning street lights on and off. GPS modules are used to provide 

accurate location data for each utility asset, which supports asset tracking and simplifies maintenance. 

Light Dependent Resistors (LDRs) are used to monitor ambient light levels, enabling the automatic 

adjustment of street light brightness to conserve energy. Additionally, ultrasonic sensors are deployed 

to detect conditions such as water levels in storage tanks or blockages within drainage systems, 

enhancing the system’s responsiveness and reliability. The primary objective of this project is to 

create a smart, responsive, and sustainable urban utility management system. By leveraging IoT 

technology, the system aims to improve infrastructure efficiency, lower energy consumption, and 

optimize the use of resources. In doing so, it contributes to the sustainability of urban operations and 

enhances the reliability of essential services, ultimately benefiting city residents through more 

consistent and intelligent infrastructure performance. 

Keywords: Ultrasonic Sensor, Light Dependent Resistor (LDR), GPS Module, Smart Grid 

Integration, LCD. 
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1. INTRODUCTION 

IoT-powered smart city solutions are transforming infrastructure management by providing real- time 

insights and enabling proactive responses. Three key examples highlight this trend. Smart water 

management systems utilize smart meters, leak detectors, and water quality sensors to optimize water 
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usage, prevent wastage, and ensure safe consumption. Intelligent street lighting leverages sensors to 

detect faults, adjust brightness based on ambient light, and improve energy efficiency. Manhole 

monitoring systems employ sensors to track water levels, gas concentrations, temperature, and 

unauthorized access, enabling proactive maintenance and enhancing safety. These diverse applications 

share a common architecture: sensors collect data, an IoT gateway transmits it to a cloud platform, the 

cloud analyzes the data, and utility managers take action. This approach results in improved 

efficiency, reduced costs, enhanced safety, and a better quality of life for smart city residents 

2. LITERATURE SURVEY 

Huang This study addresses the growing energy consumption driven by urban population growth and 

technology evolution, particularly in electricity production. It explores the potential of Home Energy 

Management Systems (HEMS) using IoT technology for demand-side management and power 

control. A novel metaheuristic algorithm, the Grey Wolf and Crow Search Optimization Algorithm 

(GWCSOA), is introduced to optimize the scheduling of home appliances (HAs) within the HEMS 

framework. Using MATLAB and Thing Speak modules, the system demonstrates a 25.98% reduction 

in daily power costs, a 30% decrease in the peak-to-average ratio (PAR), and improved consumer 

satisfaction. The results highlight the system's potential to reduce power costs and microgrid 

emissions, contributing to a sustainable urban energy ecosystem and supporting climate change 

mitigation goals within the HEMS framework. Using MATLAB and Thing Speak modules, the 

system demonstrates a 25.98% reduction in daily power costs, a 30% decrease in the peak-to-average 

ratio (PAR), and improved consumer satisfaction. The results highlight the system's potential to 

reduce power costs and microgrid emissions, contributing to a sustainable urban energy ecosystem 

and supporting climate .[1] 

 Zhang This article explores the shift towards sustainable mobility and energy policies in cities, 

focusing on smart city energy systems. It proposes an IoT-based Smart Green Energy (IoT-SGE) 

system for smart cities, integrating diverse energy supply technologies with on-site and off-site 

resources. The system leverages IoT for energy control through monitoring and secure 

communication, and is enhanced by deep reinforcement learning for smart energy management. The 

findings show that IoT sensors effectively detect energy consumption, predict demand, and achieve 

cost savings in smart citiesThe system leverages IoT for energy control through monitoring and secure 

communication, and is enhanced by deep reinforcement learning for smart energy management. The 

findings show that IoT sensors effectively detect energy consumption, predict demand, and achieve 

cost savings in smart cities[2]  

Shanmugasundaram This paper presented a multi-functional IoT cloud-based smart street lighting 

control system with central management software. It enables efficient management of large-scale 

outdoor lighting networks, reducing energy usage and maintenance costs. The system allows cities to 

schedule lighting, adjust dimming levels, and detect light failures in real time for quick repairs. 

Operators can monitor and control the system remotely via web access. This solution is suitable for 

highways, urban and rural areas, parks, and industries, offering cities a more effective way to manage 

street lighting outdoor lighting networks, reducing energy usage and maintenance costs. The system 

allows cities to schedule lighting, adjust dimming levels, and detect light failures in real time for 

quick repairs. Operators can monitor and control the system remotely via web access. This solution is 

suitable for highways, urban and rural .[3]  

Kumar This chapter focused on the importance of water management and conservation in smart cities, 

aiming to provide clean, safe water sustainably. With water resources polluted by urbanization and 

population growth, smart solutions like using non- conventional water sources for irrigation and 

aquaculture were discussed. Machine learning, particularly deep learning for categorization and 

regression tasks, was highlighted as an effective tool for managing and conserving water resources in 
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smart cities. The chapter emphasized the need for smart solutions to address water stress and ensure 

sustainability.[4]  

Al-Ali,A.R.,Ragini Gupta This paper explored the transition of smart cities from concepts to 

implementation, focusing on energy big data from initiatives like Smart Grids and Smart Meters. It 

identified key layers of big data architecture and highlighted communication, storage, and processing 

technologies for extracting insights. The paper also provided an overview of tools for harnessing big 

data value and presented a Smart Grid use case to demonstrate the data roadmap. The findings 

emphasized the importance of choosing the right tools for each layer and identified the lack of a 

unified framework for integrating these layers, suggesting opportunities for future research in big data 

management.[5]  

Zheng (2025) This paper presented a systematic review to unify research in smart grids (SG) and 

smart urban energy systems (SUES). It categorized common research themes into physical, cyber, and 

social energy processes. Key findings were summarized for each process: physical processes related 

to energy generation, transmission, and storage; cyber processes involving energy modeling, 

forecasting, and coordination; and social processes focusing on human engagement and governance. 

The paper provided insights for designing SG and SUES, optimizing system performance, and 

addressing sustainable energy scaling barriers. Future research directions included developing data 

markets, refining policies, and addressing cybersecurity, privacy, and interoperability issues. social 

energy processes. Key findings were summarized for each process: physical processes related to 

energy generation, transmission, and storage; cyber processes involving energy modeling, forecasting, 

and coordination; and social processes focusing on human engagement and governance. [6]  

Okoli This review explored the use of IoT and ICT in smart water applications for sustainable water 

management in smart cities. As global water demand grows due to economic, climatic, and population 

changes, the paper examined current research on IoT-based water solutions. It highlighted the use of 

technologies like microcontrollers, sensors, and communication modules but noted the lack of 5G 

networks in these studies. The review also identified the potential of integrating 3D printing and solar 

energy to enhance sustainability in smart water systems. Future research directions were suggested to 

promote wider adoption of these solutions for effective water conservation. Transmission, and 

storage; cyber processes involving energy modeling, forecasting, and coordination; and social 

processes focusing on human engagement and governance. The paper provided insights for designing 

SG and SUES, optimizing system performance, and addressing sustainable energy scaling barriers. 

Future research directions included developing data markets.[7]  

Goudari This report reviewed IoT-enabled smart grids, focusing on their architecture, challenges, and 

security concerns. As the demand for energy grows, IoT offers solutions to improve grid efficiency, 

but it also introduces vulnerabilities to cyberattacks. A cyberattack on a smart grid could disrupt 

power supplies, affecting cities and causing significant economic losses. The report highlighted the 

importance of addressing security before large- scale deployment and suggested that advanced 

solutions, like blockchain-based data ransmission systems, are needed to enhance the resilience and 

security of smart grids against cyber-physical threats. their IoT architecture, and wireless 

communication technologies used in smart applications. The article analyzed various AI algorithms 

suitable for these cities and discussed the integration of IoT, AI, and 5G networks. The review 

highlighted the potential of these technologies to improve urban life quality, drive sustainability, and 

increase productivity, offering valuable insights into the future development [8]. 

3. PROPOSED SYSTEM 

The working of this ESP32-based system, diving deeper into the functionalities and potential 

scenarios. 
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Fig. 1: BLOCK DIAGRAM 

This image depicts a block diagram of a system built around an ESP32 microcontroller, showcasing 

its various input and output connections along with the integrated software component. The ESP32, 

indicated as the central processing unit, is the core of the system, handling data processing and control 

functions. It's augmented with additional software, suggesting that the system's functionality is 

defined and managed through custom programming. This image depicts a block diagram of a system 

built around an ESP32 microcontroller, showcasing its various input and output connections along 

with the integrated software component. The ESP32, indicated as the central processing unit, is the 

core of the system, handling data processing and control functions. It's augmented with additional 

software, suggesting that the system's functionality is defined and managed through programming. 

The system also includes an RPS (Rotary Position Sensor) input. This sensor likely provides angular 

position information, suggesting the system might be involved in tasks requiring rotational control or 

measurement diagram represents a comprehensive system built around the ESP32, capable of sensing 

various environmental parameters, processing data, and controlling output devices. The integration of 

IOT connectivity indicates a focus on remote monitoring and control, making it suitable for 

applications that require data logging, automation, or remote operation. 

 
Fig. 2: Schematic Diagram 

This schematic diagram details an electronic system centered around an ESP32 microcontroller, 

designed to interact with various sensors and output devices, potentially for automation or monitoring 

purposes. The system begins with a power supply that converts the mains AC voltage (likely 220V in 

Hyderabad, India) to a stable 5V DC. This is achieved through a step-down transformer, a bridge 

rectifier to convert AC to DC, a smoothing capacitor, and a voltage regulator (7805) to ensure a 
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consistent 5V output. This regulated power then feeds the ESP32 and the connected peripherals. The 

ESP32 acts as the central processing unit, receiving input from several sensors: a GPS module for 

location tracking, two Light Dependent Resistors (LDRs) to measure ambient light, an RTC module 

for accurate timekeeping, and an ultrasonic sensor for distance measurement. Based on the data 

received from these sensors, the ESP32, running programmed instructions, controls various output 

devices. These include an LED for visual indication, a pump for controlling fluid flow, a 16x2 LCD 

for displaying information, an IOT module for potential wireless connectivity, and a buzzer for audio 

alerts. In essence, the ESP32 gathers real-time data from its inputs, processes this information, and 

then actuates the outputs to perform a specific function, such as automated irrigation based on time, 

light, and potentially water level, with the added capability of displaying information and 

communicating data wirelessly. 

4. RESULTS AND DISCUSSION 

The image shows the hardware equipment of the project. The kit is turned ON by giving .the regulated 

power supply of 12v which is then converted to 5v dc current. The functional prototype of an loT-

based system designed to improve the efficiency and management of urban utilities in India. 

 
Fig. 3: PROJECT PROTOTYPE 

 
Fig. 4: Title of the Project on Lcd 

This is a LCD screen displaying the text "IOT Urban Utilities Manage". It's likely part of a device 

used for managing urban utilities through the Internet of Things (IoT). 

 
Fig. 5: Drainage Full 

This LCD screen displaying "U:0009 L: U Drainage Full". It indicates a drainage system is full, with 

likely sensor readings represented by "U" and "L". The "Arduino Frequency Meter" text from the 

context is misleading; the image shows a drainage status display, not a frequency meter. 
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5. CONCLUSION 

The IoT Enabled Urban Utility Management System presents a compelling vision for modernizing 

urban infrastructure. The integration of IoT technology, centered around the versatile ESP32 

microcontroller and a suite of relevant sensors, offers a promising pathway towards more efficient, 

sustainable, and reliable city operations. The system's focus on key urban utilities like street lighting, 

water pumps, and drainage systems highlights its practical application and potential for significant 

impact. The use of an RTC for accurate scheduling, GPS for asset tracking, LDRs for energy 

optimization in lighting, and ultrasonic sensors for monitoring crucial parameters like water levels and 

blockages demonstrates a well-considered approach to addressing real- world urban challenges. The 

stated objectives of enhancing efficiency, reducing energy consumption, optimizing resource 

utilization, improving sustainability, and bolstering the reliability of city infrastructure are all highly 

relevant and desirable outcomes for any urban environment. In conclusion, the described IoT Enabled 

Urban Utility Management System represents a forward-thinking and technologically sound approach 

to improving the management of essential urban services. Its potential to create more efficient, 

sustainable, and reliable city infrastructure makes it a valuable and promising initiative for the benefit 

of urban populations. 
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