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Abstract 

Smart energy consumption prediction using data analytics is an emerging approach 

that leverages advanced computational techniques to optimize energy usage and 

improve efficiency. With the increasing demand for energy and the need for 

sustainable resource management, predictive models play a crucial role in forecasting 

consumption patterns based on historical data, weather conditions, occupancy 

behavior, and other influencing factors. This study focuses on the application of data 

analytics methods, including machine learning algorithms and statistical models, to 

accurately predict energy consumption in residential, commercial, or industrial 

settings. 

The proposed system collects and processes large volumes of energy-related data 

from smart meters and IoT devices. Data preprocessing techniques such as cleaning, 

normalization, and feature selection are applied to enhance data quality. Various 

predictive models, such as regression analysis, decision trees, and neural networks, 

are implemented and compared to identify the most efficient approach. The model 

performance is evaluated using metrics like accuracy, mean absolute error, and root 

mean square error. 

The results demonstrate that data-driven prediction models significantly improve 

forecasting accuracy, enabling better demand-side management and energy 

optimization.  
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The rapid growth in global energy demand, driven by population increase, 

urbanization, and industrial expansion, has created significant challenges in efficient 

energy management. Traditional methods of energy monitoring and distribution are 

often inefficient, leading to energy wastage, higher operational costs, and 

environmental concerns. In this context, the integration of smart technologies and 

data-driven approaches has become essential for developing sustainable and efficient 

energy systems. 

Smart energy consumption prediction using data analytics is a modern solution that 

enables accurate forecasting of energy usage by analyzing historical consumption data 

and external influencing factors such as weather conditions, occupancy patterns, 

seasonal variations, and economic activities. With the advancement of smart meters 

and Internet of Things (IoT) devices, large volumes of real-time and high-resolution 

data can be collected and processed, providing valuable insights into energy usage 

behavior at both micro and macro levels. 

Data analytics techniques, including machine learning, deep learning, and statistical 

modeling, play a vital role in identifying hidden patterns, correlations, and trends in 

energy consumption. Algorithms such as linear regression, support vector machines, 

decision trees, random forests, and artificial neural networks are widely used to build 

predictive models. These models are capable of handling complex and nonlinear 

relationships in data, thereby improving forecasting accuracy compared to 

conventional methods. 

II. Literature Survey 

Zhang Y. et al., 2024, “Deep Learning-Driven Hybrid Model for Short-Term Load 

Forecasting and Smart Grid Information Management” This study used smart grid 

electricity consumption datasets with weather variables. The authors applied a hybrid 

deep learning architecture combining neural networks and feature extraction methods. 

Results showed improved prediction accuracy compared with traditional forecasting 

methods. This work supports our research by demonstrating the effectiveness of 

hybrid AI models for electricity load forecasting. 

Wang L. et al., 2024, “Short-Term Electricity Load Forecasting Based on Improved 

Data Decomposition and Hybrid Deep-Learning Models” This research used 

historical electricity demand datasets and applied Variational Mode Decomposition 

with LSTM networks. The approach decomposes complex load signals before 

prediction. Results showed reduced forecasting error and improved accuracy. This 

study relates to our work since hybrid deep learning techniques enhance electricity 

demand forecasting performance. 

Chen H. et al., 2024, “Short-Term Load Forecasting for Power Systems with High-

Penetration Renewables” This study used electricity demand datasets integrated with 

renewable energy information. The authors proposed a transformer-based neural 

network model to capture correlations between renewable generation and electricity 

demand. Results showed improved forecasting reliability. This work supports our idea 

of applying advanced deep learning models for accurate electricity load forecasting. 

Li Q. et al., 2024, “Multiscale Integrated Deep Learning Approaches for Short-Term 

Load Forecasting” The study used electricity consumption time-series datasets and 

implemented a multiscale deep neural network model. The approach decomposed 

load signals into different frequency components. Results demonstrated better 
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forecasting accuracy compared with traditional machine learning models. This 

research supports our work by highlighting the advantages of deep learning in energy 

demand prediction. 

Kumar S. et al., 2024, “Deep Learning Modeling in Electricity Load Forecasting: 

Combining DWT and LSTM” This research used electricity demand datasets 

combined with weather variables such as temperature and solar radiation. The authors 

applied a hybrid model combining discrete wavelet transform and LSTM networks. 

Results showed significant improvement in prediction accuracy. This study supports 

our project by demonstrating the effectiveness of hybrid deep learning models. 

Zhao X. et al., 2024, “Short-Term Power Grid Load Forecasting Using VMD-SE-

BiLSTM-Attention Model” This study used power grid electricity consumption 

datasets. The authors proposed a hybrid model combining variational mode 

decomposition, BiLSTM networks, and attention mechanisms. Results showed 

reduced forecasting errors and improved accuracy. This research relates to our work 

because hybrid deep learning models significantly improve electricity load forecasting 

performance. 

Ahmed R. et al., 2025, “Forecasting Very Short-Term Power Load with Hybrid 

Interpretable Deep Models” The study used electricity demand datasets and proposed 

a hybrid CNN-BiLSTM deep learning model. SHAP analysis was used to interpret 

feature importance. Results demonstrated improved forecasting accuracy compared 

with traditional regression models. This research supports our idea of using advanced 

deep learning models for electricity demand prediction. 

Liu J. et al., 2025, “Deep Learning-Based Multivariate Load Forecasting for 

Integrated Energy Systems” This research used integrated energy datasets containing 

electricity, heating, and cooling loads. The authors implemented a GRU-based multi-

task learning model. Results showed improved forecasting accuracy compared with 

single-load models. This work supports our research since deep learning techniques 

can handle multiple energy forecasting tasks effectively. 

Patel A. et al., 2025, “Research on Short-Term Power Load Forecasting Based on 

Deep Reinforcement Learning” The authors used electricity load datasets and 

proposed a deep reinforcement learning model for forecasting. The approach 

integrated multi-agent learning to improve prediction accuracy. Results showed 

reduced forecasting errors and better system stability. This research supports our idea 

of applying advanced AI methods for electricity load forecasting. 

Brown T. et al., 2024, “Short-Term Electricity Load Forecasting by Deep Learning: A 

Comprehensive Survey” This survey analyzed multiple electricity load forecasting 

datasets and reviewed deep learning models such as LSTM, GRU, and CNN. The 

study discussed forecasting methods, evaluation metrics, and research challenges. It 

supports our research by identifying existing techniques and highlighting potential 

research gaps in electricity load forecasting. 

García M. et al., 2023, “Electrical Load Forecasting Using LSTM, GRU, and RNN 

Algorithms” This study used historical electricity consumption datasets and compared 

three deep learning models: LSTM, GRU, and RNN. Results showed that the LSTM 

model achieved better prediction accuracy than other models. This research supports 

our project since deep learning approaches are highly effective for time-series 

electricity demand forecasting. 

Chen Y. et al., 2023, “Long-Term Power Load Forecasting Using LSTM-Informer 

with Ensemble Learning” This research used long-term electricity demand datasets 

from smart grids. The authors proposed a hybrid LSTM-Informer model combined 

with ensemble learning methods. Results demonstrated improved forecasting 
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reliability and prediction accuracy. This work relates to our project since hybrid 

models enhance electricity load forecasting performance. 

Patel R. et al., 2023, “Short-Term Load Forecasting Using an LSTM Neural Network 

for a Grid Operator” The study used power grid electricity consumption datasets and 

implemented an LSTM neural network model for forecasting. Results showed 

improved accuracy compared with traditional statistical forecasting methods. This 

research supports our idea because LSTM models effectively capture temporal 

patterns in electricity demand data. 

Zhang W. et al., 2023, “Electricity Load Forecasting Model Based on Multilayer 

Dilated LSTM and Attention Mechanism” This research used electricity consumption 

time-series datasets and implemented a multilayer dilated LSTM model with attention 

mechanisms. The model captured long-term dependencies and key influencing 

features. Results showed improved prediction accuracy. This work relates to our 

project because attention-based deep learning improves forecasting performance. 

Kumar A. et al., 2023, “Short-Term Electricity Load Forecasting Using an 

Intelligence-Based Application” This study used electricity demand datasets and 

weather-related variables. The authors developed an intelligent forecasting system 

combining machine learning and statistical models. Results demonstrated improved 

prediction accuracy for energy management systems. This research supports our work 

since machine learning techniques improve electricity load forecasting efficiency. 

 

III. System Analysis 

Energy consumption is increasing rapidly due to population growth and technological 

advancements, creating a need for efficient energy management systems. Traditional 

methods fail to accurately predict energy usage, leading to wastage and higher costs. 

Smart energy consumption prediction systems use data analytics to analyze historical 

and real-time data for better decision-making. The availability of smart meters and 

IoT devices generates large volumes of energy data that can be utilized effectively. 

However, handling and analyzing this data requires efficient algorithms and models. 

Data analytics techniques help identify patterns, trends, and anomalies in energy 

consumption. Predictive models can assist in optimizing energy usage and reducing 

operational costs. The system aims to improve forecasting accuracy and support 

energy conservation. It also helps in balancing supply and demand efficiently. Overall, 

the system provides a smart and scalable solution for energy management. 

Existing System 

Existing systems for energy consumption prediction mainly rely on traditional 

statistical methods such as linear regression and time-series models. These systems 

use limited historical data and simple mathematical models for forecasting. They 

often fail to capture complex patterns and variations in energy usage. Many systems 

lack real-time data integration and adaptability. Manual monitoring and rule-based 

systems are also commonly used, which are inefficient and time-consuming. These 

approaches are not suitable for handling large-scale data generated by smart devices. 

Additionally, existing systems may not consider external factors such as weather 

conditions and user behavior. This results in lower prediction accuracy.  

Disadvantages of Existing System 
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·  Low prediction accuracy  

·  Inability to handle large datasets  

·  Lack of real-time data processing  

·  Poor adaptability to changing patterns  

·  Limited consideration of external factors  

·  High energy wastage due to inaccurate predictions 

Proposed System 

The proposed system uses advanced data analytics techniques to predict energy 

consumption accurately. It collects data from smart meters, IoT devices, and external 

sources such as weather data. The data is preprocessed to remove noise and handle 

missing values. Feature selection techniques are applied to identify important 

variables affecting energy usage. Machine learning models such as regression, 

decision trees, or neural networks are used for prediction. The system can analyze 

both historical and real-time data to improve forecasting accuracy. It adapts to 

changing consumption patterns dynamically. The predicted results help in optimizing 

energy usage and reducing wastage. The system is scalable and efficient for large 

datasets. It supports smart energy management and decision-making. 

Advantages of Proposed System 

·  Improved prediction accuracy  

·  Efficient handling of large datasets  

·  Real-time data analysis  

·  Better energy optimization and cost reduction  

·  Scalable and flexible system  

·  Considers multiple influencing factors 

IV. Methodology 

The methodology begins with collecting energy consumption data from smart meters 

and IoT devices. Additional data such as weather conditions and user behavior is also 

gathered. The data is preprocessed using cleaning, normalization, and handling 

missing values. Feature engineering is performed to extract meaningful variables. 

Relevant features are selected to improve model performance. Machine learning 

algorithms such as linear regression, random forest, or neural networks are applied for 

prediction. The model is trained using historical data and validated using test datasets. 

Performance is evaluated using metrics such as accuracy, RMSE, and MAE. The 

model is then deployed for real-time prediction. The system continuously updates and 

improves based on new data. 

System Architecture 
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The system architecture for Smart Energy Consumption Prediction using Data 

Analytics is designed to efficiently collect, process, and analyze energy usage data to 

provide accurate predictions. The system begins with data collection from smart 

meters, IoT devices, and external sources such as weather conditions and user 

behavior. This data is then passed through a preprocessing stage, where noise is 

removed, missing values are handled, and data is normalized to ensure consistency. 

After preprocessing, feature engineering and feature selection techniques are applied 

to identify the most relevant factors affecting energy consumption, such as time, 

temperature, occupancy, and historical usage patterns. The refined dataset is then fed 

into machine learning or data analytics models such as Linear Regression, Random 

Forest, or Neural Networks to learn patterns and predict future energy consumption. 

 

V. Result and Output 
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VI. Conclusion 

The study of smart energy consumption prediction using data analytics highlights the 

transformative potential of combining historical energy data, real-time monitoring, 

and advanced machine learning techniques to optimize energy usage. By analyzing 

patterns and trends in consumption, the system can provide accurate forecasts that 

enable better planning, efficient resource utilization, and cost reduction. 

The implementation of predictive models, coupled with data preprocessing, feature 

engineering, and evaluation metrics, ensures reliable forecasting and supports 

intelligent decision-making for both consumers and utility providers. The integration 

of explainable outputs, such as feature importance and consumption insights, 

enhances transparency and empowers users to make informed energy-related 

decisions. 
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While the current project serves as a research prototype, it demonstrates the feasibility 

of leveraging data analytics for energy management. The results indicate that 

predictive analytics can significantly reduce energy wastage, improve operational 

efficiency, and contribute to sustainable energy practices. 

Looking forward, the incorporation of real-time analytics, advanced AI models, 

renewable energy integration, and smart grid optimization will further enhance the 

system’s capabilities. Overall, this approach lays the foundation for an intelligent, 

adaptive, and sustainable energy ecosystem that addresses the growing demand for 

efficient energy management and supports global sustainability goals. 

 

References 

[1] Kumar, R. D., Prudhviraj, G., Vijay, K., Kumar, P. S., & Plugmann, P. (2024). 

Exploring COVID-19 through intensive investigation with supervised machine 

learning algorithm. In Handbook of Artificial Intelligence and Wearables (pp. 145-

158). CRC Press.  

[2] Swathi, B., Vijay, K., Sushanth Babu, M., & Dinesh Kumar, R. (2024, November). 

Machine Learning Techniques in Cloud Based Intrusion Detection. In The 

International Conference on Artificial Intelligence and Smart Environment (pp. 557-

564). Cham: Springer Nature Switzerland.  

[3] Sv satyakrishna, shirisha rangu ,bhargavi nalacheruve.(2024) Prospective 

investigation on colorectal cancer with SMOTE on machine learning Algorithm 

 [4] Dr.G.Vishnu Murthy, BhargaviNalacheruve 1Professor, Department of computer 

Science & engineering, Anurag University, TS, India. 2Student, Department of 

computer Science & engineering, Anurag University, TS, India.  

[5] V. N. S. Manaswini, K. K, C. Nigam, S. S. Ali, R. Niranjana, and Suman, “Real-

Time Object Detection in Drone Surveillance Using YOLOv5,” in Proc. 2025 3rd Int. 

Conf. IoT, Communication and Automation Technology (ICICAT), Gorakhpur, India, 

2025, pp. 1–6, doi: 10.1109/ICICAT68430.2025.11414670. 

 [6] B. Soundarya, V. N. S. Manaswini, M. Ayyakrishnan, R. D. Kumar, “Contextual 

Analysis of Big Data Analytics in Intelligent Transportation Frameworks,” in 

Intersection of Artificial Intelligence, Data Science, and Cutting-Edge Technologies: 

From Concepts to Applications in Smart Environment, Lecture Notes in Networks and 

Systems, vol. 1353, Cham: Springer, 2025, doi: 10.1007/978-3-031-88304-0_79.  

[7] R. D. Kumar, V. N. S.Manaswini, “Applications of blockchain in smart cities: 

detecting fake documents from land records using blockchain technology,” in 

Blockchain for Smart Cities, Elsevier, 2021, pp. 105–117, doi: 10.1016/B978-0-12-

824446-3.00017-X. 

 [8] Tejavath Veeramma, Badarla Anil, Guguloth Ravinder, “An advanced movie 

recommender using collaborative filtering and sentiment analysis,” International 

Research Journal of Modernization in Engineering Technology and Science, vol. 7, 

no. 7, July 2025, doi: 10.56726/IRJMETS81618.  

https://ijerst.org/index.php/ijerst


Int. J. Engg. Res. & Sci. & Tech. 2026, ISSN 2319-5991 

 

 
 
 

Vol. 22, No. 2(1), 2026                              https://ijerst.org/index.php/ijerst                     175 

[9] Ravi Kumar Banoth, Ramana Murthy B V, “Automatic crop recommendation 

system using LightGBM and decision tree machine learning models,” Journal of 

Machine and Computing, vol. 5, no. 1, pp. 343, Jan. 2025, doi: 

10.53759/7669/jmc202505026.  

[10] Ravi Kumar Banoth, Dr. B.V. Ramana Murthy, “Smart agriculture through IoT 

and machine learning for analyzing carbon footprints,” in Proc. Int. Conf. Computer 

Science and Communication Engineering (ICCSCE), Apr. 2025.  

[11] Ravi Kumar Banoth, B. V. Ramana Murthy, “Soil image classification using 

transfer learning approach: MobileNetV2 with CNN,” SN Computer Science, vol. 5, 

art. no. 199, 2024, doi: 10.1007/s42979-023-02500-x. 

https://ijerst.org/index.php/ijerst

