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Abstract: The growing need for efficient energy management in industrial sectors has led to the development of advanced 

monitoring solutions. This paper presents a work-in-progress study on an IoT-based Industrial Smart Energy Monitoring 

and Analytics System. The proposed system aims to continuously track important electrical parameters such as voltage, 

current, and power consumption, enabling industries to enhance energy efficiency and minimize operational costs. The 

system is designed using an integrated architecture that includes sensor units, an ESP32 microcontroller, and cloud-based 

platforms for real-time data acquisition, processing, and remote access. Data communication between the embedded 

system and cloud environment is achieved through Wi-Fi and MQTT protocols. At this stage, the overall system design has 

been completed, and initial implementation of sensing and communication components has been successfully carried out. 

Current development efforts are focused on enhancing measurement accuracy, building an interactive dashboard for real-

time visualization, and incorporating analytical features to detect abnormal energy usage patterns. Future work will 

involve the application of machine learning techniques for predictive maintenance and automated energy optimization. 

This progress work highlights the practicality and effectiveness of IoT-based systems for smart industrial energy 

management. 
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I. INTRODUCTION 

 

Energy usage has emerged as a significant factor 

affecting the efficiency, productivity, and cost structure of 

modern industrial systems. Industries depend extensively on 

electrical power to operate machinery, automated processes, 

and supporting infrastructure. With the continuous 
expansion of industrial activities and the increasing adoption 

of automation, the demand for electrical energy has grown 

rapidly. This rising dependence on energy resources has 

made effective energy management a critical requirement 

for industries striving to maintain competitiveness while 

ensuring sustainable operations [1]. 

 

In recent times, industrial sectors have encountered 

multiple challenges associated with energy utilization, 

including escalating electricity prices, inefficient 

consumption patterns, and environmental issues such as 

higher carbon emissions. A large portion of industrial 

operational expenses is directly linked to energy 

consumption, especially in sectors like manufacturing and 

heavy industries [9]. Consequently, there is a strong need for 

intelligent systems capable of monitoring, analyzing, and 

optimizing energy usage in real time. Effective energy 
management not only reduces operational costs but also 

supports environmental sustainability by minimizing energy 

losses and improving system performance [14]. 

 

Conventional energy monitoring approaches rely 

mainly on manual data collection and traditional metering 

systems. These methods provide only a generalized view of 

total energy consumption and lack the ability to track usage 

at the machine or process level. Moreover, they do not offer 

real-time monitoring capabilities, making it difficult to 



Volume 11, Issue 3, March – 2026                               International Journal of Innovative Science and Research Technology 

ISSN No:-2456-2165                                                                                                            https://doi.org/10.38124/ijisrt/26mar1952 

 

 
IJISRT26MAR1952                                                            www.ijisrt.com                                                                                    3319         

identify irregular consumption patterns or inefficient 

equipment behavior [2]. As a result, industries often face 

problems such as energy wastage, delayed decision-making, 

and suboptimal utilization of resources, leading to higher 

costs and reduced operational efficiency. 

 

To address these limitations, advancements in Internet 
of Things (IoT) technologies have enabled the development 

of smart energy monitoring systems. IoT facilitates the 

integration of sensors, embedded controllers, 

communication networks, and cloud platforms into a unified 

system capable of real-time data collection and analysis [6]. 

These systems continuously monitor key electrical 

parameters such as voltage, current, power consumption, 

and temperature. The collected data is transmitted to cloud-

based platforms where it is stored, processed, and 

visualized, allowing users to access and analyze energy data 

remotely. 

 
IoT-based monitoring systems offer several advantages 

compared to traditional methods, including automated data 

acquisition, real-time analytics, improved measurement 

accuracy, and enhanced decision-making capabilities [4]. By 

utilizing these systems, industries can gain deeper insights 

into energy consumption patterns, detect inefficiencies, and 

take corrective actions promptly. Additionally, the 

integration of cloud computing ensures scalability and 

enables centralized monitoring across multiple industrial 

setups [10], further improving operational control. 

 
In this context, the present study focuses on the 

development of an Industrial Smart Energy Monitoring and 

Analytics System using IoT technologies. The proposed 

system is designed to continuously monitor essential 

electrical parameters such as voltage, current, and power 

consumption in real time. It incorporates sensor modules for 

data collection, an ESP32 microcontroller for data 

processing, and cloud platforms for storage, analysis, and 

visualization [15]. Communication between system 

components is established through wireless technologies 

such as Wi-Fi along with lightweight protocols like MQTT 

to ensure efficient and reliable data transmission. 
 

The main objective of the proposed system is to deliver 

a scalable, efficient, and intelligent solution for monitoring 

industrial energy consumption. By enabling real-time 

tracking and analysis, the system helps industries reduce 

energy wastage, enhance operational efficiency, and make 

informed decisions based on data. Furthermore, the system 

is designed with flexibility to support future enhancements, 

including predictive analytics, automated alert mechanisms, 

and integration with advanced Industry 4.0 frameworks [8]. 

 
This paper outlines the current progress of the 

proposed system, covering its architectural design, initial 

implementation, and ongoing development activities. The 

work primarily focuses on establishing a strong foundation 

through sensor integration, data acquisition, communication 

setup, and preliminary analysis. Future development efforts 

aim to improve system accuracy, enhance visualization 

features, and incorporate advanced analytical methods for 

intelligent energy management. 

 

Additionally, the adoption of such IoT-based 

monitoring systems plays a crucial role in supporting smart 

industrial transformation. By enabling continuous 

monitoring, predictive insights, and automated control 
mechanisms, these systems contribute to the development of 

intelligent and energy-efficient industrial ecosystems. This 

not only improves operational reliability but also aligns with 

global initiatives toward sustainable and environmentally 

responsible industrial practices. 

 

Overall, the proposed work contributes to the 

development of a smart, scalable, and cost-effective 

industrial energy monitoring system leveraging IoT and 

cloud technologies. The progress presented in this study 

demonstrates the feasibility of the approach and lays a 

strong foundation for future advancements in intelligent 
energy management solutions within industrial 

environments. 

 

II. LITERATURE REVIEW 

 

The continuous advancement of Internet of Things 

(IoT) technologies has greatly improved the monitoring and 

management of energy consumption in industrial sectors. 

Various research efforts have introduced IoT-based systems 

capable of real-time data collection, monitoring, and 

analysis of electrical parameters, resulting in enhanced 
operational efficiency and optimized energy usage [6]. 

 

Initial research primarily focused on the 

implementation of wireless communication technologies for 

remote energy monitoring. GSM-based systems were 

developed to transmit parameters such as voltage, current, 

and power consumption from industrial setups to remote 

locations, thereby improving accessibility and control over 

energy usage [2]. These studies highlighted the effectiveness 

of wireless communication in enabling real-time monitoring 

solutions. 

 
Ensuring accurate measurement of electrical 

parameters has also been a major focus in energy monitoring 

research. Systems based on communication protocols like 

Modbus have been proposed to provide precise monitoring 

of power consumption and power factor in industrial 

applications [3]. These approaches underline the importance 

of reliable and accurate data acquisition in improving energy 

management practices and minimizing inefficiencies. 

 

Apart from data collection, visualization and analytical 

tools have become essential in modern monitoring systems. 
Researchers have developed web-based dashboards that 

present energy consumption data through graphical 

representations, allowing users to identify trends and detect 

irregular usage patterns [4]. Such visualization platforms 

enhance decision-making by providing clear, real-time 

insights into system behavior. 
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Recent developments have emphasized the integration 

of Industrial IoT (IIoT) with cloud computing technologies 

to enhance system scalability and data handling capabilities. 

Cloud-based solutions enable efficient storage of large 

datasets, real-time data processing, and remote accessibility 

via web and mobile platforms [10]. This integration supports 

centralized monitoring and management across multiple 
industrial units. 

 

In addition, machine learning and artificial intelligence 

techniques have been incorporated to increase the 

intelligence of energy monitoring systems. Predictive 

models, including neural network-based approaches, are 

utilized to analyze energy consumption trends, detect 

anomalies, and enable predictive maintenance in industrial 

environments [11], [8]. These advanced techniques assist 

industries in proactively identifying faults and optimizing 

energy utilization. 

 
Several studies have also highlighted the significance 

of continuous and real-time data collection in enhancing 

energy efficiency. Such systems allow industries to monitor 

consumption patterns closely, identify areas of energy 

wastage, and implement effective optimization strategies 

[9]. Furthermore, knowledge-based systems have been 

developed to improve fault detection mechanisms and 

enhance the reliability of smart industrial systems [7]. 

 

Despite significant progress, existing energy 

monitoring solutions still exhibit certain limitations. Many 
systems are restricted to basic parameter monitoring and do 

not incorporate advanced analytics or intelligent decision-

support mechanisms. Additionally, issues such as limited 

scalability, lack of real-time responsiveness, and insufficient 

integration with cloud platforms reduce their effectiveness in 

large-scale industrial applications. 

 

Therefore, there is a growing need for a comprehensive 

energy monitoring system that combines real-time sensing, 

accurate data acquisition, efficient communication, cloud-

based analytics, and intelligent visualization. The proposed 

Industrial Smart Energy Monitoring and Analytics System 
aims to overcome these challenges by offering a scalable, 

efficient, and intelligent IoT-based solution for monitoring 

and optimizing industrial energy consumption. 

 

III. METHODOLOGY 

 

The proposed Industrial Smart Energy Monitoring and 

Analytics System is designed to facilitate continuous 

monitoring, processing, and evaluation of electrical energy 

consumption within industrial environments. The 

methodology combines sensing components, embedded 
processing, wireless communication, and cloud-based 

analytical platforms to deliver real-time insights into energy 

usage. This approach is aligned with previously established 

system design concepts and extends them into a more 

comprehensive monitoring and analytics framework. 

 

The system architecture is structured using a layered 

model that includes sensing, processing, communication, 

and cloud analytics components, as illustrated in Fig. 1. 

 

 
Fig. 1. Layered Architecture of the Proposed Industrial 

Smart Energy Monitoring System 

 

The architecture illustrates the complete flow of data 

from industrial equipment to the cloud environment. In the 

sensing layer, voltage sensors, current transformer (CT) 

sensors, and temperature sensors are deployed to 

continuously capture electrical parameters. These signals are 

then transferred to the processing layer, where the ESP32 

microcontroller performs analog-to-digital conversion and 

calculates essential parameters such as voltage, current, and 

power consumption. 
 

Following processing, the data is transmitted through 

the communication layer using Wi-Fi connectivity and 

MQTT protocol, ensuring efficient and reliable 

communication. The cloud analytics layer receives this data, 

stores it in a centralized database, and performs further 

analysis to identify consumption trends and detect irregular 

patterns. The analyzed information is presented through a 

dashboard interface, enabling real-time monitoring and 

informed decision-making. 
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The operational sequence of the system is represented 

in Fig. 2. 

 

 
Fig. 2. Workflow of the Proposed Industrial Smart Energy 

Monitoring System 
 

The workflow outlines the step-by-step functioning of 

the system. Initially, sensors collect electrical data from 

industrial equipment and transmit it to the ESP32 

microcontroller for processing. The microcontroller converts 

the collected signals into meaningful electrical values and 

forwards the processed data to the cloud platform using 

MQTT over Wi-Fi. The cloud system stores and analyzes 

the data to extract useful insights related to energy 

consumption. The results are then displayed on a dashboard, 

allowing users to monitor system performance in real time. 
Additionally, the system is capable of generating alerts 

whenever abnormal energy usage is detected. 

 

At the present stage, the system is still under 

development. The architectural framework has been 

finalized, and initial implementation of sensing and 

communication modules has been completed. Basic 

communication between the ESP32 and the cloud platform 

has been successfully established. Current efforts are 

focused on sensor calibration, improving data accuracy, and 

developing an intuitive dashboard for visualization. Future 

work includes the integration of advanced analytics, 

automated alert systems, and machine learning techniques to 

support predictive maintenance and energy optimization. 

 

In summary, the proposed methodology offers a 

scalable and efficient solution for industrial energy 

monitoring. By leveraging IoT technologies along with 
cloud-based analytics, the system supports real-time 

monitoring, enhances decision-making capabilities, and 

contributes to improved energy efficiency in industrial 

applications. 

 

IV. PRELIMINARY RESULTS AND DISCUSSION 

 

The proposed Industrial Smart Energy Monitoring and 

Analytics System has been partially developed and 

evaluated to assess its initial performance and feasibility. At 

the current stage, preliminary experiments have been 

conducted to validate core functionalities, including data 
acquisition, processing, and transmission across system 

components. 

 

Initial findings indicate that the sensing units are 

capable of effectively measuring electrical parameters such 

as voltage and current from the test setup. The ESP32 

microcontroller processes the acquired signals efficiently 

and converts them into digital values using its integrated 

Analog-to-Digital Converter (ADC). The processed 

information is then transmitted to the cloud platform through 

Wi-Fi connectivity using the MQTT protocol, ensuring 
seamless communication. 

 

The interaction between the embedded system and the 

cloud infrastructure has been successfully established. 

During testing, the data transmission process demonstrated 

stability with negligible latency, allowing near real-time 

monitoring of energy parameters. The transmitted data is 

securely stored in a cloud database, enabling further analysis 

and accessibility for remote monitoring. 

 

An initial visualization interface has been developed to 

represent the acquired data. The dashboard displays essential 
parameters such as voltage and current in real time, 

providing a preliminary overview of system performance. 

These early observations indicate that the system supports 

continuous monitoring and remote accessibility, which are 

essential features for industrial applications. 

 

Despite these promising results, the system remains 

under development, and several aspects require further 

enhancement. Sensor calibration is currently in progress to 

improve measurement precision and ensure reliable data 

acquisition under varying operational conditions. In 
addition, advanced functionalities such as detailed analytics, 

anomaly detection mechanisms, and automated alert systems 

are yet to be fully integrated. 

 

The obtained preliminary results validate the feasibility 

of implementing IoT-based solutions for industrial energy 

monitoring. The system demonstrates the capability to 

efficiently capture, process, and transmit data, establishing a 
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strong foundation for future improvements. With the 

incorporation of advanced analytical models and 

optimization strategies, the system is expected to achieve 

higher accuracy, improved visualization, and enhanced 

decision-making capabilities. 

 

Furthermore, the current implementation highlights the 
potential of the system to be scaled for larger industrial 

environments. The modular architecture allows integration 

with multiple sensing nodes, enabling monitoring across 

different units within an industry. This scalability ensures 

that the system can be adapted to diverse industrial 

requirements while maintaining performance and reliability. 

 

In addition, future enhancements will focus on 

incorporating intelligent algorithms for predictive analysis 

and automated decision-making. The integration of machine 

learning techniques is expected to enable early fault 

detection, energy consumption forecasting, and proactive 
maintenance strategies. These improvements will further 

strengthen the system’s capability to support smart industrial 

operations and contribute to efficient energy management. 

 

Overall, the initial implementation confirms the core 

functionality of the proposed system and demonstrates its 

potential for real-time industrial energy monitoring. The 

system provides a solid framework for further development 

and has the capability to evolve into a comprehensive and 

intelligent energy management solution. 

 

V. CONCLUSION 

 

This paper presents the progress of an Industrial Smart 

Energy Monitoring and Analytics System utilizing Internet 

of Things (IoT) technologies. The proposed solution is 

designed to offer an efficient and scalable approach for 

monitoring electrical energy consumption in industrial 

environments through real-time data collection, processing, 

and analysis. At the current stage, the system demonstrates a 

well-defined architecture along with the initial 

implementation of major components, including sensing 

units, ESP32-based processing, and wireless communication 
using the MQTT protocol. Preliminary evaluations indicate 

that the system can effectively acquire, process, and transmit 

electrical parameters such as voltage and current to a cloud 

platform for visualization and monitoring purposes. The 

incorporation of cloud-based analytics facilitates remote 

access and supports real-time monitoring, enabling data-

driven decision-making. Although the system is still under 

development, the initial outcomes confirm its feasibility and 

indicate its potential to enhance energy efficiency and 

reduce operational costs in industrial applications. Future 

work will focus on improving system accuracy through 
sensor calibration, developing advanced analytical methods 

for anomaly detection, and integrating machine learning 

techniques for predictive maintenance and energy 

optimization. These advancements are expected to transform 

the system into a more intelligent and comprehensive energy 

management solution. In conclusion, the proposed system 

provides a solid foundation for the development of smart 

industrial energy monitoring solutions and contributes 

toward achieving efficient, scalable, and sustainable energy 

management in modern industrial environments. 

 

REFERENCES 

 

[1]. S. M. Sharkawy, “Energy Management in Smart 

Industrial Systems,” IEEE Transactions on Industrial 
Informatics, vol. 17, no. 5, pp. 1–10, 2021. 

[2]. A Khan, R Sharma, and S. Patel, “GSM-Based Real-

Time Energy Data Logging System,” International 

Journal of Electrical and Electronics Engineering, 

2020. 

[3]. P. Deshmukh, S. Kulkarni, and M. Joshi, “Industrial 

Power Monitoring Using Modbus Communication 

Protocol,” in Proc. International Conference on 

Industrial Automation and Control, 2021. 

[4]. V. Reddy and A. Gupta, “Web-Based Dashboard for 

Industrial Energy Analysis,” International Journal of 

Smart Technology and Energy Systems, vol. 6, no. 2, 
pp. 45–52, 2022. 

[5]. T. Ahmed and R. Prakash, “Smart Factory Load 

Optimization Using IoT,” Journal of Modern IoT 

Applications in Industry, vol. 4, no. 1, pp. 12–19, 2023. 

[6]. V. Kumar, A. Singh, and R. Patel, “Industrial IoT: A 

Review of Enabling Technologies and Applications,” 

IEEE Transactions on Industrial Informatics, vol. 17, 

no. 3, pp. 1345–1358, 2021. 

[7]. E. Kim, D. H. Huh, and S. Kim, “Knowledge-Based 

Power Monitoring and Fault Prediction System for 

Smart Factories,” Personal and Ubiquitous Computing, 
vol. 23, pp. 911–923, 2019. 

[8]. Angelopoulos, E. T. Michailidis, N. Nomikos, P. 

Trakadas, and T. Zahariadis, “Tackling Faults in the 

Industry 4.0 Era – A Survey of Machine Learning 

Solutions,” Sensors, vol. 20, no. 109, pp. 1–34, 2019. 

[9]. S. Jagtap, S. Rahimifard, and L. N. K. Duong, “Real-

Time Data Collection to Improve Energy Efficiency: A 

Case Study of Food Manufacturing,” Procedia CIRP, 

vol. 90, pp. 1–7, 2019. 

[10]. D. Minoli, K. Sohraby, and B. Occhiogrosso, “IoT 

Considerations, Requirements, and Architectures for 

Smart Buildings,” IEEE Internet of Things Journal, 
vol. 4, no. 1, pp. 269–283, 2017. 

[11]. B. V. Solanki, A. Raghurajan, and K. Bhattacharya, 

“Neural Network-Based Demand Estimation for Smart 

Energy Systems,” IEEE Transactions on Smart Grid, 

vol. 8, no. 4, pp. 1739–1748, 2017. 

[12]. N. Kumar, S. Zeadally, and S. Misra, “Mobile Cloud 

Networking for Smart Grid Applications,” IEEE 

Wireless Communications, vol. 23, no. 5, pp. 100–108, 

2016. 

[13]. M. Collotta and G. Pau, “A Novel Energy Management 

Approach for Smart Homes Using Bluetooth Low 
Energy,” IEEE Transactions on Green 

Communications and Networking, vol. 1, no. 1, pp. 

112–120, 2017. 

[14]. International Energy Agency (IEA), “Digitalization and 

Energy Efficiency in Industry,” IEA Report, 2022. 

[15]. Espressif Systems, “ESP32 Technical Reference 

Manual,” Espressif Inc., 2023. 

 


