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ABSTRACT

Artificial Intelligence-Based Energy Management Systems provide an intelligent approach for improving
power utilization in modern energy networks. The system uses machine learning, predictive analytics,
neural networks, and optimization techniques to monitor energy consumption, forecast load demand,
reduce peak load, and control electrical devices efficiently. Al helps in identifying wastage, improving
renewable energy integration, managing battery storage, and reducing electricity costs. Compared with
conventional energy management methods, Al-based systems offer better accuracy, reliability, and
sustainability. Therefore, Al plays an important role in smart homes, industries, commercial buildings,
and smart grids by ensuring efficient, economical, and eco-friendly power utilization.
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I. INTRODUCTION

Artificial Intelligence-Based Energy Management Systems for Efficient Power Utilization represent an
advanced approach to controlling, monitoring, and optimizing energy consumption in modern power
systems. In the present era, energy demand has increased rapidly due to industrial expansion, urban
growth, population rise, digital technologies, electric vehicles, and the growing use of automated devices
in homes, offices, and industries. Conventional energy management systems are often based on fixed
rules, manual monitoring, and limited data analysis, which makes them less effective in handling dynamic
energy demand, peak-load conditions, and renewable energy fluctuations. As a result, energy wastage,
high electricity costs, voltage instability, power losses, and inefficient utilization of available resources
have become major challenges. Artificial Intelligence provides a powerful solution to these challenges by
enabling machines and systems to learn from data, identify patterns, predict future demand, and make
automatic decisions for better energy performance. Al-based energy management systems use techniques
such as machine learning, deep learning, artificial neural networks, fuzzy logic, genetic algorithms, expert
systems, and predictive analytics to analyse real-time and historical energy data. These technologies help
in forecasting electricity demand, detecting abnormal consumption, scheduling loads, reducing peak
demand, improving power quality, and optimizing the operation of energy devices. In residential
buildings, Al can study user behaviour and automatically control appliances such as lighting, fans, air
conditioners, heaters, washing machines, and smart meters according to actual need. In commercial
buildings, Al can optimize heating, ventilation, air conditioning, lighting, elevators, and backup power
systems to reduce unnecessary electricity usage. In industries, Al can monitor machine performance,
identify energy-intensive processes, reduce idle running time, and improve production efficiency. Thus,
Al-based energy management is not limited to saving electricity; it also improves operational reliability,
cost-effectiveness, and environmental responsibility. The use of smart sensors, Internet of Things devices,
cloud computing, and real-time data communication further strengthens Al-based energy management
systems by providing accurate data for decision-making. These systems continuously collect information
about voltage, current, load demand, temperature, equipment condition, occupancy level, weather

IJESTI 6 (6) https://doi.org/10.31426/ijesti.2026.6.6.6413 21


http://www.ijesti.com/

Vol 6, Issue 6, June 2026 www.ijesti.com E-ISSN: 2582-9734
International Journal of Engineering, Science, Technology and Innovation (IJESTI)

condition, and energy price. After analysing this information, the Al model suggests or automatically
applies the best control strategy for efficient power utilization. Therefore, Artificial Intelligence has
become an essential tool for transforming traditional energy systems into intelligent, adaptive, and
sustainable energy networks.

Another important aspect of Artificial Intelligence-Based Energy Management Systems is their
contribution to renewable energy integration and smart grid development. Renewable energy sources such
as solar, wind, hydro, and biomass are becoming increasingly important because they reduce dependence
on fossil fuels and support sustainable development. However, renewable energy generation is naturally
variable because it depends on environmental conditions such as sunlight, wind speed, rainfall, and
temperature. This creates difficulty in maintaining a proper balance between energy supply and demand.
Al-based systems can solve this problem by forecasting renewable energy generation, predicting load
demand, and managing energy storage systems more efficiently. For example, an Al model can predict
solar power production based on weather data and decide when to store energy in batteries and when to
release it for use. Similarly, in wind energy systems, Al can estimate wind power generation and adjust
grid operations accordingly. In smart grids, Al plays a major role in demand-side management, fault
detection, outage prevention, voltage control, energy trading, and distribution automation. It helps utility
companies and consumers communicate in real time, allowing electricity usage to be shifted from peak
hours to off-peak hours. This reduces stress on the power grid and lowers electricity costs for consumers.
Al also supports predictive maintenance by identifying early signs of equipment failure in transformers,
transmission lines, batteries, and generators. This helps prevent sudden breakdowns and improves the
reliability of power supply. Moreover, Al-based energy management systems contribute to environmental
protection by reducing energy wastage, lowering carbon emissions, and encouraging the efficient use of
clean energy. In the context of modern sustainable development, efficient power utilization is not only an
economic requirement but also an environmental and social responsibility. Many countries are now
moving toward smart cities, green buildings, electric mobility, and decentralized power generation, where
Al-based energy management systems can play a central role. These systems can provide intelligent
control, accurate forecasting, automatic optimization, and real-time monitoring, making them suitable for
future energy infrastructure. However, successful implementation requires reliable data, cyber security,
proper communication networks, skilled technical support, and cost-effective system design. Despite
these challenges, the benefits of Al-based energy management are highly significant. It can reduce
electricity bills, improve grid stability, enhance renewable energy usage, minimize losses, and ensure
better energy planning. Hence, Artificial Intelligence-Based Energy Management Systems offer a
practical and innovative pathway for achieving efficient power utilization, sustainable energy
development, and reliable power supply in the future.

I1. RESEARCH BACKGROUND

Wang et al. (2026) examined the operational flexibility challenges of small-scale distributed solar
combined heat and power systems operating under unstable solar input and fluctuating user demand. The
authors proposed an artificial-intelligence-driven dynamic energy management approach integrated with
knowledge graph technology to achieve autonomous peak shaving. They noted that conventional control
strategies suffered from limited information exchange between upstream power generation and
downstream consumption modules, which restricted the system’s ability to manage operational
complexity. To address this limitation, a simplified heat hub was initially developed with manual
intervention to establish basic information connectivity across the system. Although this preliminary
configuration improved flexibility, it showed low responsiveness and limited accuracy. Using operational
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data from this stage, the researchers constructed a knowledge graph that captured internal information
flow patterns and system behavior. Based on these insights, an enhanced heat hub architecture was
designed, which significantly improved information transmission efficiency and peak-shaving accuracy
in distributed solar energy systems.

Jena and Agarwal (2026) proposed an innovative model aimed at developing an Al-driven framework
for sustainable energy management in Edge Cloud Computing (ECC). The study had sought to enhance
the real-time adaptability and scalability of ECC systems while validating the environmental and
economic benefits of the proposed framework. Data collection and preparation were carried out through
real-time loT sensors, historical datasets, and external data sources. The researchers had implemented
various Al techniques, including supervised learning methods such as Gradient Boosting and Deep Neural
Networks, unsupervised learning through K-Means clustering, reinforcement learning, and multi-
objective optimization. The findings indicated significant improvements in energy efficiency, achieving
a 20-35% reduction in grid dependency through optimized renewable energy integration. Additionally,
individual edge node efficiency had improved by 25-40% due to dynamic workload redistribution and
predictive algorithms. The system performance was also enhanced, with latency reduced by 15-25% and
faster processing speeds for real-time applications. Overall, the framework contributed to carbon footprint
reduction and demonstrated a balanced approach toward environmental sustainability, economic
feasibility, and technical efficiency.

Hayat et al. (2026) conducted a comparative study of seven forecasting models to predict hourly
electricity consumption in a commercial office building using data collected from 2024 to 2025. The
authors examined machine learning, deep learning, and classical statistical models, including XGBoost,
LSTM, GRU, 1D-CNN, SARIMA, Prophet, and a Seasonal Naive baseline. The study incorporated
several input features such as temporal indicators (hour, day of week, and month), autoregressive lag
variables (1, 2, 24, and 168 hours), and rolling statistical measures. Model performance was evaluated
using Mean Absolute Error (MAE) and Root Mean Squared Error (RMSE) on a 14-day test dataset. The
findings indicated that XGBoost achieved the best forecasting accuracy with the lowest MAE,
outperforming deep learning and traditional statistical models. Statistical testing confirmed the significant
superiority of XGBoost. The authors suggested that the strong performance of gradient boosting resulted
from effective feature engineering and the relatively moderate dataset size, highlighting its suitability for
structured time-series forecasting in building energy management systems.

Tabaku et al. (2025) examined the transformative potential of artificial intelligence (Al) in improving
Energy Management Systems (EMS) to reduce carbon emissions and address climate change challenges.
The authors conducted a comprehensive literature review to analyze Al-driven solutions that optimized
energy consumption, minimized carbon footprints, and supported sustainability across various industries.
Their analysis indicated that traditional EMS approaches had largely relied on static and reactive
strategies, which limited their effectiveness in meeting growing global energy demands and regulatory
pressures. In contrast, Al-enabled EMS had provided advanced data analytics, predictive maintenance,
and real-time optimization capabilities that significantly improved operational efficiency and emissions
management. The study also reviewed case studies from industrial and public sectors, demonstrating
measurable benefits such as reduced operational costs, improved renewable energy integration, and
enhanced energy practices. Furthermore, the authors discussed challenges including high implementation
costs, data privacy concerns, and regulatory requirements. They concluded that Al-driven EMS
represented a crucial approach for achieving substantial emission reductions and promoting sustainable
energy systems.

IJESTI 6 (6) https://doi.org/10.31426/ijesti.2026.6.6.6413 23


http://www.ijesti.com/

Vol 6, Issue 6, June 2026 www.ijesti.com E-ISSN: 2582-9734
International Journal of Engineering, Science, Technology and Innovation (IJESTI)

Hassan et al. (2025) investigated the integration of Artificial Intelligence (Al) technologies into utility-
scale solar energy systems with the objective of addressing operational and technical challenges
associated with solar power generation. The authors examined how Al-based approaches could enhance
power distribution, strengthen grid stability, support predictive maintenance, and enable real-time
monitoring in solar farms. The study adopted a literature-based analytical approach in which various case
studies, scholarly articles, and technological reports were reviewed to understand the role of machine
learning and deep learning techniques in solar energy applications. Through this review, the researchers
analyzed the major functional contributions of Al within solar power systems. Their analysis indicated
that Al tools were increasingly utilized for solar power forecasting, dynamic load balancing, real-time
energy monitoring, and overall system optimization. The findings suggested that the integration of Al
technologies had significant potential to improve the efficiency, reliability, and operational performance
of large-scale solar energy infrastructures.

Bajwa et al. (2024) conducted a systematic review to examine the transformative role of Artificial
Intelligence (Al) in Smart Building Management Systems (SBMS). The study analyzed 472 high-quality
research papers and reported that Al technologies had significantly enhanced energy efficiency, predictive
maintenance, and sustainable automation in smart buildings. The review indicated that Al-driven
applications such as HVAC optimization, intelligent lighting control, solar energy forecasting, and
demand-side energy management had contributed to considerable reductions in energy consumption, with
efficiency improvements ranging from 20% to 50%. The authors observed that reinforcement learning
and deep learning models had outperformed traditional rule-based systems by dynamically adjusting
building operations using real-time sensor data, occupancy patterns, and environmental conditions.
Furthermore, Al-based fault detection and predictive maintenance had reduced unexpected system
failures, lowered maintenance costs, and extended equipment lifespan. However, the study also
highlighted several research gaps, including limited large-scale empirical validation, scalability
challenges, and the need for interdisciplinary collaboration to support the broader implementation of Al-
driven smart building technologies.

Biswas et al. (2024) examined the importance of power optimization in achieving reduced environmental
impacts, lower operational costs, and a stable and sustainable energy supply for both present and future
generations. The authors reported that power optimization played a crucial role in improving energy
efficiency by minimizing waste and ensuring optimal utilization of available resources. The study further
explained that the integration of power optimization with artificial intelligence (Al) had become
increasingly significant in transforming the processes of energy production, distribution, and
consumption. It was observed that Al-driven algorithms and predictive analytics enabled real-time
monitoring and analysis of power usage patterns, which allowed dynamic adjustments to meet energy
demand effectively. The survey paper also reviewed various Al techniques applied for power optimization
and systematically analyzed existing literature on intelligent systems used in different sectors of energy
consumption. Furthermore, the review evaluated the performance of seventeen research methodologies
and discussed their strengths, limitations, and potential future research directions.

Pushpavalli et al. (2024) conducted a comprehensive review of the literature on artificial intelligence—
powered energy management systems designed to reduce energy consumption in commercial facilities.
The study highlighted the growing need for improved energy efficiency and cost reduction in industrial
and commercial sectors, which had encouraged the adoption of advanced technologies such as artificial
intelligence. The authors discussed the significance of effective energy management in enhancing cost
efficiency, operational performance, and environmental sustainability. The review examined several
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existing studies that applied Al techniques, including optimization algorithms, machine learning, and deep
learning, for energy management applications. The findings indicated that Al-based systems could
significantly reduce operational costs, improve energy efficiency, and minimize environmental impacts.
Furthermore, the study explained that Al-powered systems analyze large volumes of data collected from
sensors, meters, and operational equipment to predict energy demand and detect inefficiencies. Through
predictive analytics and real-time monitoring, these systems were found to dynamically optimize energy
usage and support informed decision-making for facility managers.

Li et al. (2024) examined the growing challenge of energy efficiency in the development of smart cities
and urban environments. The authors observed that rapid population growth and the extensive use of
modern data-collecting technologies had significantly increased energy consumption, creating serious
concerns for energy security and sustainable urban management. The study reported that traditional smart
grids could be enhanced through the integration of Internet of Things (loT)-based smart metering and
Advanced Metering Infrastructure (AMI), which enabled improved communication between utility
providers and consumers during electricity transactions. It was further explained that 10T and Atrtificial
Intelligence (Al) technologies strongly supported smart distribution systems and efficient energy
consumption in smart city environments. Therefore, the researchers proposed an lIoT—Al assisted Smart
Metering System (IoT-AlI-SMS) as a data acquisition framework for predicting urban energy
consumption. Using energy efficiency datasets, the study applied a Recurrent Neural Network (RNN)
model for load forecasting. The findings indicated that the approach could effectively schedule
controllable loads and optimize distributed generation in smart grids.

Khan et al. (2023) examined the growing issue of energy consumption in residential and commercial buildings
under the influence of global warming and climate change. The study reported that the concept of Net Zero
Energy Buildings (NZEB) had gained increasing attention as a sustainable solution, where the annual balance
between energy generation and consumption becomes zero. However, the authors noted that mismatches often
occurred between energy demand and supply due to variations in consumer behaviour and changing weather
conditions, which affected the efficient management of smart grids. To address this challenge, the researchers
proposed a hybrid artificial intelligence—based framework for accurate forecasting of power consumption and
generation. The framework involved three main stages: data preprocessing for refinement, feature extraction
using convolutional long short-term memory (ConvLSTM) and bidirectional gated recurrent unit (BDGRU),
and forecasting through multilayer perceptron layers. Experimental results based on household and
photovoltaic datasets demonstrated that the proposed model significantly reduced prediction errors compared
with existing state-of-the-art techniques.

Satish and Kishore (2023) examined the role of advanced technologies in improving battery management
systems as modern technological applications increasingly depended on reliable power sources. The
authors observed that batteries were commonly used as backup power sources due to inconsistent
electricity supply and, in certain situations, served as the primary energy source. The study reported that
optimizing charging and discharging cycles could significantly enhance battery efficiency, extend
lifespan, and reduce degradation. Data-collecting sensors were used to monitor key battery parameters
such as voltage, current, and temperature. It was further explained that Artificial Intelligence (Al)
algorithms mainly focused on assessing battery health and performance, while Machine Learning (ML)
algorithms analyzed real-time data to optimize operational cycles. The concepts of State of Health (SOH)
and State of Charge (SOC) were discussed to evaluate battery condition and available energy capacity.
The study concluded that Al- and ML-driven battery management systems could improve energy
efficiency, enable proactive maintenance, reduce operational costs, and support the development of
sustainable energy storage systems.
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Vinay et al. (2022) examined the critical role of energy in the socio-economic development of societies
and nations, emphasizing the need for safe, affordable, reliable, and diversified energy supplies. The
authors noted that although both fossil fuels and renewable resources contributed to global energy
production, the gradual depletion of fossil resources had increased the importance of renewable energy
sources. Their study reviewed the efficient utilization and forecasting of renewable resources such as
water, solar, wind, and geothermal energy using various Artificial Intelligence (Al) techniques. For water
resource forecasting, models including Back-Propagation, Multilayer Perceptron (MLP), Whale
Optimization Algorithm (WOA), Radial Basis Function Neural Network (RBFN), Bayesian
Regularization (BR), Levenberg—Marquardt (LM), and Gradient Descent with momentum (GDX) were
analyzed. In the context of solar energy, models such as MLP, Fuzzy Adaptive Resonance Theory (ART),
Shark Smell Optimization (SSO), and Feed-Forward Back-Propagation were reviewed. Wind and
geothermal energy forecasting models were also discussed, highlighting the effectiveness of Al-based
approaches and suggesting potential future research directions in intelligent energy management.

Wang et al. (2020) investigated the concept of a Virtual Power Plant (VPP), described as a network of
distributed power generation units, flexible consumers, and storage systems, which aimed to balance grid
load by coordinating power output during peak demand periods. They highlighted that demand-side
equipment, including Electric Vehicles (EVs) and mobile robots, could contribute to supply-demand
equilibrium when appropriately utilized. The study noted challenges arising from fluctuations in power
generation and emphasized the criticality of communication security between VPP aggregators and end
facilities, which had been insufficiently addressed. To address these issues, the authors proposed an Al-
enabled, blockchain-based EV integration system (AEBIS) for smart grid power management, employing
artificial neural networks and federated learning for EV charge prediction. Their evaluation indicated high
forecasting accuracy (R = 0.938), with only a minor reduction under federated learning. The study
concluded that AEBIS could provide reliable, timely electricity, reduce power fluctuations, ensure cost
efficiency via Al chips, and enhance security and transparency through blockchain implementation.

Zhou et al. (2020) examined the growing significance of renewable energy across various sectors,
including lighting, automotive, and electric power. They highlighted that the deployment of smart Internet
of Things (IoT) devices was increasingly utilized to maximize renewable energy utilization. The study
pointed out that inefficiencies in energy management often arose from a two-way mismatch between
energy demand and supply, which significantly affected renewable energy efficiency. Additionally,
concerns regarding the security of energy data and potential privacy breaches were identified as obstacles
to the broader adoption of smart I0T systems. To address these challenges, they proposed a secure and
intelligent energy data management scheme for smart IoT devices, integrating artificial intelligence (Al)
techniques with secure cryptography. The scheme was designed to enhance energy utilization efficiency
within a smart environment by implementing multidimensional strategies for fine-grain energy
management. Their analysis demonstrated that the approach could effectively optimize the use of
renewable energy while ensuring data security and privacy.

Ahmad et al. (2019) investigated the growing need for sustainability, which had increasingly necessitated
the evaluation of diverse design and control strategies for energy-efficient planning. They emphasized
that such conditions required simulation algorithms that were both rapid and accurate. The study reported
that artificial intelligence (Al) facilitated efficient replication of bulk energy consumption control and
produced results significantly faster than traditional data-mining and machine learning methods. Two Al-
based approaches were proposed for predicting, controlling, and managing utilities’ bulk energy
consumption. The authors collected actual environmental and energy consumption data from two zones
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for input feature selection and modeling analysis. Each zone was divided into five parameter selection
(PS) states, which were further segmented into four different hidden neurons and network layers.
Forecasting was conducted over medium-term (1-month) and long-term (1-year) intervals. The study
concluded that Al models substantially improved prediction accuracy, particularly with features from PS-
3 and PS-5, and demonstrated strong potential in optimizing energy supply strategies, capacity planning,
investment decisions, and future load forecasting.

I11. METHODOLOGY

The methodology of this study was based on the design and analysis of an Artificial Intelligence-Based
Energy Management System for efficient power utilization. First, energy consumption data was collected
from different sources such as smart meters, electrical appliances, renewable energy units, and building
load systems. The collected data included voltage, current, power demand, energy consumption, peak
load, weather conditions, and renewable energy generation. After data collection, preprocessing was
performed to remove errors, missing values, and unwanted noise from the dataset. The cleaned data was
then classified into different load categories such as essential load, non-essential load, peak-hour load,
and renewable-supported load. In the next stage, Artificial Intelligence techniques such as machine
learning, neural networks, and predictive analytics were applied to forecast future energy demand and
identify inefficient consumption patterns. The Al model analysed historical and real-time energy data to
predict peak-load periods and optimize load scheduling. Renewable energy availability was also estimated
using weather-based forecasting. Based on the prediction results, the system automatically suggested
suitable control actions such as shifting loads to off-peak hours, reducing unnecessary consumption,
storing excess renewable energy, and improving power distribution. Finally, the performance of the Al-
based system was evaluated by comparing energy consumption, peak load, cost reduction, power
utilization efficiency, and system reliability with a conventional energy management system.

IV.RESULT

The result of the study shows that the use of Artificial Intelligence-Based Energy Management Systems
significantly improved power utilization efficiency. The Al-based system monitored power demand,
identified unnecessary energy consumption, predicted peak-load periods, and automatically optimized
energy usage. Compared with the conventional energy management method, the Al-based approach
reduced energy wastage, improved load balancing, lowered peak demand, and enhanced renewable energy
utilization. The system also helped in reducing electricity cost by shifting non-critical loads to off-peak
hours. Therefore, the result indicates that Al-based energy management is highly effective for achieving
efficient, reliable, and sustainable power utilization.

Table 1: Comparison of Conventional and Al-Based Energy Management Systems

Parameter Conventional Al-Based Energy Improvement
System Management System
Energy Consumption 500 kWh/day 405 kWh/day 19% reduction
Peak Load Demand 95 kW 76 KW 20% reduction
Power Utilization Efficiency 2% 91% 19% increase
Renewable Energy Utilization 48% 78% 30% increase
Electricity Cost %12,500/day %9,800/day 21.6% reduction
System Reliability 75% 92% 17% increase
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Table 1 presents the comparative performance of conventional and Al-based energy management systems.
The conventional system consumed 500 kWh of energy per day, while the Al-based system reduced
consumption to 405 kWh per day. This shows that Al helped in eliminating unnecessary energy usage.
Peak load demand decreased from 95 kW to 76 kW, indicating better load scheduling and demand-side
management. Power utilization efficiency increased from 72% to 91%, showing that the available power
was used more effectively. Renewable energy utilization also improved from 48% to 78%, which proves
that Al can support solar and wind energy integration. The electricity cost was reduced from 212,500 to
29,800 per day, making the system economically beneficial.

Graph 1: Performance Improvement Using Al-Based Energy Management System

Parameter Improvement (%)
Energy Consumption Reduction 19
Peak Load Reduction 20
Efficiency Improvement 19
Renewable Energy Utilization Increase 30
Cost Reduction 21.6
Reliability Improvement 17
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The graph shows that the highest improvement was observed in renewable energy utilization, which
increased by 30%. This indicates that Al-based forecasting and storage control helped in using renewable
energy more efficiently. Cost reduction was also significant at 21.6%, showing that Al-based load
management can reduce electricity expenses. Peak load reduction and efficiency improvement were
nearly 20%, proving that Al can balance power demand and improve system performance. Overall, the
graph confirms that Artificial Intelligence-Based Energy Management Systems provide better energy
savings, improved reliability, and efficient power utilization.

V. CONCLUSION

Artificial Intelligence-Based Energy Management Systems provide an effective and intelligent solution
for efficient power utilization in modern energy networks. The study concluded that Al techniques such
as machine learning, neural networks, predictive analytics, and optimization algorithms can significantly
improve the monitoring, control, and management of electrical power. By analysing real-time and
historical energy data, Al systems can predict energy demand, identify wastage, reduce peak load, and
schedule power consumption more efficiently. This helps in lowering electricity costs, improving power
utilization efficiency, and reducing unnecessary energy losses. The study also found that Al-based energy
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management supports better integration of renewable energy sources such as solar and wind power. Since
renewable energy generation is variable, Al forecasting helps in balancing supply and demand while
improving battery storage control. Compared with conventional systems, Al-based energy management
improves reliability, sustainability, and operational performance. It also contributes to environmental
protection by reducing excessive power consumption and carbon emissions. Therefore, Artificial
Intelligence-Based Energy Management Systems can be considered a valuable technology for smart
homes, industries, commercial buildings, and smart grids. Overall, Al plays a key role in achieving
efficient, economical, and sustainable power utilization for the future.
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