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Abstract - Efficient and intelligent management of 
essential resources such as water and electricity has 
become a critical necessity in the development of modern 
smart cities. Traditional monitoring approaches mainly on 
manual meter readings, periodic inspections, and delayed 
billing processes, which often result in inaccurate 
measurements, inefficient consumption tracking, and a 
lack of timely insights for both consumers and utility 
providers. These limitations contribute to excessive 
resource wastage, undetected leakages, increased 
operational costs, and reduced sustainability. 

To tackle these pressing challenges, this paper introduces the 

design and implementation of an Internet of Things (IoT)-

based Smart City Resource Monitoring System capable of 

providing continuous, real-time tracking of water flow and 

electrical energy usage. The proposed system integrates 

multiple sensing technologies, including water flow sensors 

and electrical voltage and current sensors, with an ESP32 

micro controller serving as the core processing unit. Data 

present in the sensors is transmitted to cloud storage, where it 

is securely logged, analyzed, and visualized through an 

interactive dashboard. This dashboard enables users and 

administrators to monitor live consumption data, identify 

abnormal usage patterns, receive automated alerts, and 

generate accurate billing based on predefined tariff structures. 

By offering a unified and automated platform for monitoring 

critical utilities, the system enhances transparency, supports 

predictive maintenance, and empowers users to make more 

informed decisions about their resource usage. This IoT-

based solution thus contributes significantly to sustainable 

urban development. 
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1. Introduction 

The rapid growth of urbanization and the increasing demand 

for essential utilities have intensified the requirement for  

useful resource management within smart cities. Water and 

electricity, being the most critical resources for residential, 

commercial, and industrial activities, require continuous 

monitoring to ensure sustainability, reduce wastage, and 

maintain operational efficiency. However, traditional 

monitoring practices largely depend on manual meter readings, 

periodic inspections, and delayed billing cycles, which often 

result in inaccurate consumption tracking, higher chances of 

human error, and an inability to detect issues such as leakages, 

overloads, or abnormal usage patterns in real time. The lack of 

a unified platform further creates fragmentation in data 

management, making it difficult for both consumers and 

authorities to gain meaningful insights into overall resource 

utilization. 

With advancements, modern smart city infrastructures now 

have the opportunity to transition from conventional monitoring 

systems to intelligent, automated, and interconnected 

frameworks. IoT-enabled resource management systems can 

collect real-time data, process it instantly, and make it 

accessible through cloud-based dashboards for detailed 

visualization and analysis. These technologies allow users to 

monitor consumption continuously, identify inefficiencies, and 

make informed decisions to optimize usage. Moreover, they 

support administrators in predictive maintenance, fault 

detection, and long-term urban planning. This project 

introduces an IoT-based Unified metering System which unifies 

both water and electricity monitoring into a single unified 

platform. Using sensors such as water flow meters, current 

sensors, and voltage sensors interfaced with an ESP32 

microcontroller, the system is capable of capturing accurate 

real-time usage data. A cloud- based architecture is used to 

store and manage the data securely, while a web or mobile 

dashboard provides live updates, historical trends, alerts, and 

automated billing calculations. By bridging the gap between 

multiple utility monitoring mechanisms, the system enhances 

transparency, reduces wastage, improves user awareness, and 

contributes significantly to sustainable urban development. 

 

By providing an integrated, automated, and scalable solution 

for resource monitoring, this project supports the broader goals 

of smart city development. It enhances transparency, 

strengthens user awareness, and encourages responsible 

consumption. The system helps to ensure long term sustainability 

which provides valuable insights that shape policy, upgrade 

infrastructure and future expansion strategies. Ultimately, the 

proposed solution represents an important step toward building 

intelligent, efficient, and environmentally conscious urban 

ecosystems. 
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Furthermore, the integration of such a system has the potential 

to substantially transform the way utilities are monitored and 

managed across both residential and commercial sectors. By 

enabling continuous real-time access to accurate consumption 

data, the system empowers policymakers, utility providers, 

and consumers to adopt more strategic approaches to resource 

usage.  

 

2. Integrated Monitoring System 

The main motive of the project is to construct a unified 

monitoring system capable of tracking both water 

consumption and electricity usage within a single 

technological framework. In traditional setups, these resources 

are calculated separately using different meters, separate 

manual readings, and isolated monitoring systems. Such 

separation often leads to inefficiencies, increased installation 

and maintenance efforts, and difficulty in analyzing overall 

consumption behavior. By contrast, an integrated monitoring 

system brings together multiple sensors, data acquisition 

units, and processing components into one cohesive IoT- 

based platform. 

 

In this system, water flow sensors and electrical measurement 

sensors operate simultaneously, feeding real-time data to a 

central microcontroller, ESP32. This controller processes 

incoming data and translates raw sensor data into meaningful 

values, and ensures that the information is stored or 

transmitted through a unified communication channel. This 

integration not only simplifies system architecture and reduces 

hardware redundancy but also ensures centralized data 

management, making the system easier to maintain and scale. 

A unified monitoring approach also enables cross-analysis of 

water and electricity usage, which is not possible when each 

resource is tracked separately. For instance, increases in 

water usage can be correlated with changes in pump power 

consumption, helping identify inefficiencies, faults, or 

unusual usage patterns. Authorities and consumers can use 

this combined data to better understand daily consumption 

habits, identify peak demand periods, and implement 

optimized strategies for resource management. 

 

Additionally, the integration supports smart city initiatives by 

facilitating streamlined reporting, automated control 

mechanisms, and predictive maintenance.  

 

 

Figure 1. Integrated Water & Electricity Resource Monitoring System - Block 

Diagram 

 

a. Measure Water in Real Time 

Real-time water measurement is a key objective of the proposed 

system, as it enables continuous and accurate tracking of water 

usage at any given moment. Instead of relying on manual meter 

readings taken at long intervals, the system uses a water flow 

sensor (such as the YFS201) to measure the flow rate of water 

passing through the pipeline in real time. The sensor generates 

pulses proportional to the amount of water flowing, which are 

counted and processed by the ESP32 microcontroller to 

calculate parameters such as instantaneous flow rate (liters per 

minute) and total volume consumed (liters or cubic meters). By 

updating these values continuously, the system allows users and 

administrators to see exactly how much water is being used at 

different times of the day. This helps in quickly detecting 

abnormal patterns such as sudden spikes in usage, continuous 

flow when there should be none (indicating leaks), or excessive 

consumption in specific periods. Real-time measurement not 

only improves accuracy and transparency but also empowers 

users to adjust their habits, supports timely fault detection, and 

contributes to more efficient and sustainable water management 

in a smart city environment. 
 

Figure 2. Smart Water Meter - Block Diagram 

b. Measure Electricity in Real Time 

Real-time electricity measurement is essential for understanding 

actual power usage and ensuring efficient energy management 

within a smart city system. The proposed solution continuously 

monitors electrical parameters using sensors such as the 

ACS712 current sensor and the ZMPT101B voltage sensor. 

These sensors capture instantaneous values of current and 

voltage, which are then processed by the ESP32 microcontroller 

to calculate power (in watts) and total energy consumption (in 

kilowatt-hours). Unlike traditional energy meters that provide 

only cumulative readings, real-time monitoring delivers a 

continuous stream of data, allowing users to see moment-to- 

moment variations in energy usage. This enables quick detection 

of unusual patterns, such as unexpected power surges, overload 

conditions, or malfunctioning appliances drawing excessive 

electricity. Real-time energy measurement also promotes better 

decision-making, as users can understand how specific devices 

impact their overall consumption and adjust their usage 

accordingly. For administrators and utility providers, this data is 

valuable for demand forecasting, grid balancing, and early fault 

detection. By offering accurate and immediate insights into 

energy usage, real-time monitoring supports both efficient 

resource management and sustainable urban development.
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Figure 3. Smart Electricity Meter - Block Diagram 

 

 

 

3. Smart Dashboard for Analysis and Sustainable 

Development 

 

A smart dashboard serves as the central interface through 

which users and administrators can visualize and interpret the 

data collected by the monitoring system. Instead of relying 

on raw numerical readings, the dashboard transforms real- 

time sensor data into clear, intuitive visual formats such as 

graphs, charts, gauges, and comparison plots. It displays 

critical metrics like water flow rate, total water consumption, 

voltage, current, power usage, and energy units consumed 

over different time periods. The dashboard also supports 

historical data analysis, enabling users to review daily, 

weekly, and monthly trends, identify peak consumption 

hours, and compare usage between different intervals. In 

addition, it incorporates automated alerts and notifications 

that can warn users of abnormal conditions such as unusually 

high consumption, potential leakages, overloads, or system 

faults. This analytical capability helps users make informed 

decisions, reduce unnecessary consumption, and improve 

overall resource management. For utility providers, the 

dashboard enables large- scale monitoring across multiple 

households or buildings, supporting better planning, efficient 

distribution, and enhanced operational control within a smart 

city environment. 

 

Supporting sustainable development is a fundamental goal of 

the proposed system, as modern cities increasingly focus on 

optimizing resource utilization and minimizing environmental 

impact. By providing accurate, real-time insights into water 

and electricity usage, the system encourages users to adopt 

more responsible consumption habits and become aware of 

how their daily activities influence overall resource demand. 

Early detection of leaks, wastage, or inefficient appliances 

helps significantly reduce unnecessary losses and lowers 

operational costs for both consumers and service providers 

 

 

 

Furthermore, the collected data can be used by urban planners 

and government authorities to understand consumption 

patterns more deeply, identify areas with excessive demand, 

and design more effective policies or infrastructure 

improvements. The system's ability to automate billing, reduce 

human error, and maintain transparent records also contributes 

to fair and efficient utility management. Overall, by integrating 

modern IoT technologies with intelligent analytics, the system 

promotes long-term sustainability, supports conservation 

efforts, and aligns with the global vision of creating 

environmentally responsible and resource-efficient smart 

cities. 

 

 

 
Figure 4. Blynk Mobile Dashboard 

 

 

 

Figure 5. Telegram Bot - Generated Bill 
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4. Methodology 

 

The methodology adopted for the Smart City Resource 

Monitoring System is designed to create a fully integrated, 

accurate, and intelligent platform capable of continuously 

monitoring water and electricity consumption in real time 

while ensuring efficient data handling and seamless user 

interaction. It all starts with dedicated IoT sensors being rolled 

out in the environment to collect raw physical data in the first 

place. The rate of water passage through pipelines is 

monitored by a Hall-effect-based YFS201 water flow sensor 

that generates pulses correlating to consumed volume, while 

electrical measurements are captured by the ACS712 current 

sensor and ZMPT101B voltage sensor, representing 

instantaneous current and voltage respectively. By changing 

temporal physical parameters into electric signals that are 

interpretable digitally these sensors works seamlessly. We 

decide on using the ESP32 micro controller because of its high 

processing power, built-in Wi-Fi capabilities, and extensive 

GPIO support which plays a crucial role in processing all the 

incoming sensor values and converting them  from raw data to 

meaningful units such as liters, liters per minute, amperes, 

volts, watts, and kilowatt-hours with noise filterers. Moreover, 

it is responsible for ensuring all the processed data is 

transmitted levels of noise its work in conjunction with 

wireless communication to the cloud platform ensuring 

reliable data transmission. Whenever the data gets to the 

cloud, it is structured carefully so as to support instantaneous 

access as well as future analysis. Features like remote 

monitoring, timely backup and huge scale data logging 

became reality after things got stored in the cloud enabling 

detection of usage patterns, anomalies and facilitating 

predictive maintenance. Another critical part of the 

methodology is the visualization layer, realized through an 

intuitive dashboard accessible via means of the Blynk 

application or the web interface, portraying numerical data as 

graphical formats that the user can understand at a glance to 

keep abreast of real-time readings, past history, erratic usage 

behavior and daily, weekly or monthly consumption stats. 

With real-time alerts, you get to know instances of leaks, 

overloading or sudden spikes in usage enabling you to take 

action interpreting it more consciously. Remote control 

features like controlling a pump or an appliance-on off is 

provided by the dashboard by integrating a relay module 

enhancing usability and providing more automation. For 

complementing the monitoring capabilities, the methodology 

proceeds to its final stage by incorporating an automated 

billing system. Derived from predefined tariff rates for water 

and electricity including, it computes charges based on real-

time usage allowing no room for manual calculations or 

hidden fee errors. Warns are issued to notify as usage reaches 

the thresholds or beyond them in an effort to make the user 

consume responsibly and avoid surprise billing Upon 

integrating sensing, processing, wireless communication, 

cloud management, visualization, alerting, and billing, we 

were able to form a comprehensive framework.

 

 

Figure 6. Model Setup 

 

 

 

5. Safety and Regulatory 

 
Safety and compliance of standards need to be a high 

consideration during the design, build and deployment of 

the Smart City Resource Monitoring System because it 

touches directly upon live electrical lines, water 

distribution networks, wireless communication 

infrastructure, and sensitive. Personal Identifiable 

Information. Additionally, On a daily basis since the 

system involves dosage of  electrical utilities (in houses 

and commercials) all electrical components should comply 

with the International and National Standards like IEC 

61010 for measurements as well as electrical safety 

requirements from BIS/ISI for India. Electrical isolation 

must be properly enforced to safe guard both the hardware 

as well as end consumer sensors like the ACS712 and 

ZMPT101B has to be placed firmly inside an insulated 

housing believable sensors and all relays must come with 

isolation based on optical couplers that stop the high 

voltage spikes from too much tripping the low-voltage 

ESP32 micro controller. Apart from this, integrally 

combining over-current protection, fuses and safety 

catches can greatly reduce the risk of fire, damaging your 

equipment or even preventing accidental human mishaps. 

Equally significant is an proper attention toward the water 

containing parts, if sensors misplacement, leakage or contact 

with water could give a short or safety hazard so it displays then 

water tight enclosures and sealed connectors in conjunction with 

strictly separated Wet and Dry sections as per the water- 

electronics integration guidelines. From the official point of 

view, especially the system should be complaint to local Utility 

meter standards for getting the right billing on both Electricity 

and water by doing calibration of the sensor from proper 

verification methods as well as meteorological guidelines of 

electrical or water supplying boards. By the way, for - Physical 

Safety when using water and compliance with code is being 

observed, data security and data privacy is the other two 

compulsory lines of regulatory we follow because we are 

actually using Wi-Fi and cloud-based platforms to transfer and 

https://ijsrem.com/
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save smart meter data so everything has to be in line with 

these Best Practices too!. Secure authentication 

mechanisms, strong password policies, and role-based 

access control must be implemented to prevent 

unauthorized manipulation of system operations, such as 

turning pumps on or off remotely. 

Moreover, cloud storage frameworks must follow privacy 

guidelines outlined in the IT Act of India and other 

international data protection standards to safeguard user 

identity, consumption patterns, and billing information. As 

the system may directly affect utility charges, regulatory 

compliance ensures that usage measurements are traceable, 

transparent, and legally acceptable. By integrating electrical 

safety, water- handling precautions, cyber security 

measures, and regulatory metering guidelines into the 

system architecture, the Smart City Resource Monitoring 

System ensures reliability, user protection, long-term 

operational stability, and readiness for real-world smart city 

deployment. In addition to physical safety, cyber security 

and data privacy are critical regulatory domains, as the 

system relies on Wi-Fi connectivity and cloud platforms for 

transmitting and storing consumption data. 

 

 

 

6. Result and Performance Evaluation 

 
The proposed IoT- based Smart City Resource Monitoring 

System was successfully designed, implemented, and tested 

under real-time operating conditions to evaluate its accuracy, 

reliability, and practical applicability. The system effectively 

monitored both water consumption and electrical energy usage 

using a unified hardware and software architecture centered on 

the ESP32 micro controller. 

 

a. Real-Time Water Monitoring Results 

 
The YFS201 water flow sensor demonstrated consistent and 

accurate performance in measuring real-time water flow. The 

pulse signals produced by the sensor were worked on by the 

ESP32 to compute instantaneous flow rate (L/min) and the total 

consumed water (L). The experimental results verified that the 

setup was able to detect changes in water usage with low 

latency supporting continuous operation throughout its 

operation. Both abrupt rise in the flow rate and a long-term flow 

inactivity were detected correctly, proving the system’s 

capability to determine abnormal use as well as possible leakage 

scenarios. The live data transmission to the cloud dashboard 

guarantees that the latest water consumption value gets 

synchronized in real-time along with the dashboard. 

 

Figure 7. Real time Water Data 

 

 

 

b.   Real-Time Energy Monitoring Results 

 

The ACS712 current sensor and ZMPT101B voltage sensor kept 

on monitoring the electrical parameters. These signals were 

processed by the ESP32 to calculate the instantaneous power 

consumption unit (watts) and total energy usage unit (kilowatt- 

hours). The voltage and current readings have shown to be 

consistent under normal load conditions in an effort to determine 

the drop rate while having anomalous load fluctuations identified 

and any trivial changes to the voltage transmission promptly 

rectified. The energy consumption trend of the system was 

accurately captured thus users could figure out high-energy 

appliances and peak usage time in their daily or behaviour. This 

provides energy transparency in real-time, which supports more 

informed decision-making for optimizing consumption and 

resource. 

 

Figure 8. Real time Energy Data 

 

 

c.    Cloud Integration and Data Visualization 

 

Every parameter monitored was transmitted without loss of 

packet on Wi-Fi to the cloud platform. The smart dashboard 

showed live water and electricity data in graphical forms: real-

time gauges lines plots as well as historical trend graphs. Details 

of consumption statistics for the day, week & month were 

available to users to allow for in-depth behavior analysis. 

Automated alert conditions were also pre- configured on the 

dashboard such that if water usage goes beyond what has been 

earmarked or is indicated alerts would be triggered and notified 

users through the app interface immediately 

 

d.    Automated Billing Accuracy 

 
The automated billing module calculated water and 

electricity costs based on predefined tariff structures. Billing 

results closely matched manual calculations, confirming the 

accuracy and reliability of the automated billing process. 

This feature eliminates human errors associated with 

conventional billing methods and enhances transparency 

between consumers and utility providers. 

 

e.    System Reliability and Scalability 

 
The system operated continuously without significant data 

loss or communication failure during extended testing 

periods. The modular architecture allows easy integration of 

additional sensors and utilities, demonstrating scalability for 

larger residential complexes or smart city deployments. The 

use of low-cost sensors and an ESP32 controller ensures 

economic feasibility while maintaining reliable 

performance. 
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Fig. a Fig. b 
 

Fig. c                                                  Fig. d 

 

Figure 7. a)ESP 32 b)ACS712 - Current Sensor 

c)ZMPT101B - Voltage Sensor d)YFS201 - Flow Sensor 
 

 

7. Future Scope 

The proposed Smart City Resource Monitoring 

System establishes a strong foundation for intelligent      

and sustainable utility management; however, several 

enhancements can be explored to further improve its 

functionality, scalability, and real-world applicability. 

Another main path for future work is incorporating 

advanced data analytics and artificial intelligence (AI) 

technologies. Machine learning models built using 

historical consumption data can predict future water 

and energy demand, discover unused application 

patterns, and automatically identify anomalies such as 

leaks, power theft, and inefficient appliances with 

better accuracy. This model can further support 

predictive analytics for proactive maintenance as well, 

allowing the utility companies to address potential 

failures before they escalate into full-scale disruptions. 

Additionally, the system can be extended to support 

additional utilities and environmental features. The 

next version can integrate gas metering, renewable 

energy monitoring (ex: rooftop solar generation), air 

quality sensors, and environmental facilities like 

temperature and humidity. With all these services 

placed into the existing IoT framework, the system 

will transform into a holistic multi-utility & 

environmental monitoring platform, aligning more 

with the smart city vision infrastructure. Scalability 

wise, there are also additional opportunities to evolve 

the communication architecture of the system. While 

Wi-Fi is ideal for small and moderate scale installs, 

future roll outs may leverage low power wide area 

network (LPWAN) technologies such as LoRaWAN, 

NB- IoT, or even emerging 5G based IoT solutions. 

These technologies offer much longer range, lower 

power consumption, and higher scalability, making it 

viable for deployment across cities or regions for 

utility monitoring. As a concluding remark, future 

development can improve the user interface with 

enhanced dashboards and decision support 

capabilities. Advance visualization techniques, 

personalized consumption insights, and 

recommendation engine can be added to aid users in 

optimizing their resource usage Patterns. Connecting 

mobile payment gateways and the billing platform would 

also streamline the billing and payment process, offering 

enhanced convenience and transparency for consumers. 

Finally, cyber security and data privacy will continue to be 

a significant area of interest for future research. A greater 

level of inter connectivity between smart utility systems 

will require more stringent security controls such as block 

chain data integrity, device secure authentication, and more 

advanced encryption techniques can be studied to protect 

the sensitive usage, billing data against online threats. As 

the last step, large scale field trials, along with pilot 

projects can be carried out in residential, commercial and 

industrial settings to evaluate long term performance, 

reliability, and economic viability of the system. The 

insights from these studies will help in tuning the system 

better and in closing the gap between prototyping and real-

world smart city implementations. Together, all these 

future enhancements have the potential to really extend 

what this system is currently meant to do making it a more 

robust, intelligent, and scalable solution for next advance 

smart city resource management. 

8. Conclusion 
The Smart City Resource Monitoring System developed in 

this project demonstrates an effective and innovative solution 

for addressing the challenges associated with traditional 

utility monitoring methods. Conventional systems often 

depend on manual meter readings and delayed billing 

cycles, which provide little to no real-time insight into 

consumption patterns and leave significant 

room for inefficiencies, wastage, and human error. By 

incorporating Internet of Things (IoT) technologies, the 

proposed system transforms this outdated process into an 

automated, intelligent, and data-driven framework that 

offers continuous monitoring, immediate feedback, and 

improved operational transparency. 

Through the integration of water flow sensors, electrical 

parameter sensors, and an ESP32 micro controller, the 

system successfully captures real-time data on water and 

electricity usage with high accuracy and reliability. This 

information is processed and transmitted to a cloud 

platform, where it is presented through a user-friendly 

dashboard that displays live readings, historical trends, 

consumption graphs, alerts, and automated billing estimates. 

Experimental evaluation confirms that the system 

performs consistently under various operating conditions, 

accurately detecting usage spikes, leakages, overloads, and 

abnormal patterns. The real-time alerts and notifications 

significantly enhance user awareness, enabling timely 

corrective action and promoting responsible consumption. 

The automated billing feature further reduces the 

dependency on manual calculations and ensures fair, 

transparent, and efficient billing practices. The system not 

only benefits individual households by improving their 

consumption awareness but also offers significant advantages 

to utility providers by supporting data-driven decision 

making, predictive maintenance, and infrastructure planning. 

Additionally, the modular architecture of the system allows 

for seamless scalability, making it suitable for deployment  

at community, institutional, or city-wide levels as part  

of a broader smart city ecosystem.
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