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Abstract. The integration of Artificial Intelligence (AI) and Machine Learning (ML) into energy management systems has 

demonstrated remarkable potential for improving energy efficiency across various sectors. This study explores the 

application of ML models, including Linear Regression, Random Forest Regression, and Artificial Neural Networks, to 

predict energy consumption and optimize scheduling for minimizing peak loads. Historical energy usage data were 

analyzed to train and validate the models, with performance evaluated using metrics such as Mean Absolute Error (MAE) 

and Root Mean Square Error (RMSE). The findings reveal that ANN outperformed other models, achieving an MAE of 

5.3 and RMSE of 6.8, closely aligning with actual energy usage patterns. Furthermore, optimization techniques resulted in 

significant energy savings, reducing consumption from 1200 kWh to 950 kWh. These results highlight the transformative 

role of AI and ML in achieving sustainability goals by enhancing energy efficiency, reducing costs, and mitigating 

environmental impact. 

INTRODUCTION 

The rising global demand for energy, coupled with growing concerns about climate change, has propelled the need 

for innovative approaches to energy management. Artificial Intelligence (AI) and Machine Learning (ML) have 

emerged as transformative technologies in addressing energy efficiency challenges [1,2]. By analyzing large datasets, 

predicting consumption patterns, and optimizing energy systems, these technologies are reshaping how industries and 

households consume energy, significantly reducing waste and emissions. 

Trends in billions of kWh or equivalent units. Artificial Intelligence (AI) and Machine Learning (ML) are 

revolutionizing the energy sector by providing powerful tools to automate energy audits, enhance forecasting 

accuracy, and optimize smart grid operations. These advancements are not only transforming the way energy systems 

are managed but are also playing a critical role in achieving global sustainability goals [3, 4, 18-26]. By leveraging 

AI and ML, industries are now equipped to analyze vast datasets, predict energy demand patterns, and identify 

inefficiencies that traditional methods might overlook. These capabilities are especially impactful in high-

consumption sectors such as manufacturing, transportation, and building management, where even marginal efficiency 

improvements can lead to significant cost reductions and environmental benefits. 

One of the key benefits of AI and ML lies in their ability to automate processes that were previously time-intensive 

and prone to human error. For instance, automated energy audits powered by AI can quickly identify energy waste 

and recommend actionable solutions, saving both time and resources. Similarly, ML algorithms enhance forecasting 

accuracy by analyzing historical data and identifying trends, enabling better planning and decision-making for energy 

providers. These technologies are also instrumental in optimizing the operation of smart grids by dynamically 

adjusting energy distribution based on real-time demand, thus reducing losses and improving overall efficiency. The 

global impact of these technologies is evident in their widespread adoption across diverse industries. In manufacturing, 

AI-driven systems optimize production lines, reducing energy waste while maintaining high output levels. In 

transportation, predictive analytics improve route planning and fuel efficiency. In building management, smart 

systems powered by ML ensure that heating, cooling, and lighting are used efficiently, adapting to occupancy patterns 

and weather conditions. The cumulative effect of these applications is substantial, leading to measurable energy 

savings and contributing to a reduction in greenhouse gas emissions [5, 6, 10-17]. 

IV International Scientific and Technical Conference “Actual Issues of Power Supply Systems”
AIP Conf. Proc. 3331, 080004-1–080004-8; https://doi.org/10.1063/5.0305727

Published under an exclusive license by AIP Publishing. 978-0-7354-5286-2/$30.00

080004-1

 05 N
ovem

ber 2025 03:39:07



 
FIGURE 1. Projected Global Energy Savings with AI/ML Implementation (2024-2034) with key milestones and 

 

To further highlight the transformative role of Artificial Intelligence (AI) and Machine Learning (ML) in energy 

efficiency, it is essential to consider the projected global energy savings attributed to these technologies over the next 

decade, as illustrated in Figure 1. These projections reflect the growing integration of AI and ML as fundamental tools 

in the energy transition process, emphasizing their capacity to address both economic and environmental challenges. 

The anticipated savings showcase the potential of these technologies to significantly reduce energy consumption, 

optimize resource allocation, and contribute to global sustainability objectives [27-35]. 

The reliance on AI and ML in energy management is driven by their unparalleled ability to process vast amounts 

of data, identify patterns, and make intelligent decisions in real time. These technologies empower industries, 

policymakers, and energy providers to adopt smarter, data-driven approaches to energy optimization. The economic 

benefits are substantial, with reduced operational costs and enhanced efficiency across various sectors. At the same 

time, the environmental impact is equally profound, as AI and ML applications help reduce greenhouse gas emissions, 

conserve natural resources, and promote renewable energy integration. Figure 1 underscores the rapid adoption of AI 

and ML technologies, reflecting their increasing importance in tackling complex energy challenges. For instance, 

advanced algorithms are being deployed to optimize the performance of renewable energy sources like solar and wind 

by predicting energy production and balancing supply with demand. Similarly, in traditional energy systems, AI-

driven predictive maintenance reduces equipment downtime and enhances operational reliability, ensuring consistent 

energy delivery with minimal waste. These capabilities not only make energy systems more efficient but also more 

resilient to disruptions and fluctuations [36-42]. 

This introduction sets the stage for an in-depth exploration of the diverse applications of AI and ML in the energy 

sector. The following sections will delve into specific use cases, such as the role of AI in smart grid management, the 

impact of ML on predictive energy analytics, and the integration of these technologies in energy storage systems. 

Additionally, challenges such as data privacy, algorithmic biases, and the need for regulatory frameworks will be 

addressed to provide a balanced perspective on their implementation. By examining real-world case studies and 

emerging trends, this discussion aims to provide a comprehensive understanding of how AI and ML are reshaping the 

energy landscape. From enabling more efficient energy use in industrial settings to empowering consumers with 

personalized energy management tools, these technologies are at the forefront of the global effort to achieve a 

sustainable energy future. Through their widespread adoption, AI and ML are not only driving innovation but also 

fostering a collaborative approach to addressing the pressing energy and environmental challenges of our time. 

EXPERIMENTAL AND RESEARCH 

This study evaluates the impact of AI and Machine Learning (ML) on energy efficiency using a data-driven 

approach. Historical energy consumption data from industrial and residential sources were analyzed, including 

features like hourly energy usage patterns, environmental variables (temperature, humidity, etc.), and operational 

factors (e.g., machine loads). We implemented three ML models: Linear Regression (LR) for baseline analysis, 
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Random Forest Regression (RFR) for handling non-linear dependencies, and Artificial Neural Networks (ANN) to 

capture complex patterns. The models were assessed based on their ability to predict energy consumption (𝑦𝑡̂) and 

optimize energy scheduling to minimize peak demand [7, 8, 9, 43-51]. 

The energy prediction model is mathematically represented as: 

 

𝑦𝑡̂ = 𝑓(𝑋𝑡; θ) 
where 𝑦𝑡̂  is the predicted energy consumption at time 𝑡, 𝑋𝑡 represents the input feature vector, and θ denotes the 

model parameters.  

To optimize energy efficiency, we minimized the demand fluctuation index, defined as minD = ∑ Pt
2T

t=1 , subject 

to the constraint  

 

∑Pt

T

t=1

= Etotal 

where Pt is the power consumption at time t, Etotal is the total energy consumption, and D represents peak load 

variations.  Model performance was evaluated using metrics such as Mean Absolute Error (MAE) 

 

MAE =
1

n
∑|yi − yî|

n

i=1

 

and Root Mean Square Error (RMSE),   

 

RMSE = √
1

n
∑(yi − yî)

2

n

i=1

 

 
FIGURE 2. Model Performance Comparison 

 

Figure 2 highlights the performance of the three implemented models: Linear Regression (LR), Random Forest 

Regression (RFR), and Artificial Neural Networks (ANN). The performance metrics include Mean Absolute Error 

(MAE) and Root Mean Square Error (RMSE). ANN exhibited the lowest errors (MAE = 5.3 and RMSE = 6.8), 

followed by RFR and LR, demonstrating its superior ability to predict energy consumption accurately. This 

comparison underscores the importance of model selection in achieving reliable predictions for energy efficiency 

applications [10]. 
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FIGURE 3. Predicted vs Actual Energy Usage 

 

The time-series plot illustrates the alignment between the predicted energy usage (using the best-performing ANN 

model) and the actual energy consumption over a 24-hour period (Figure 2). The predictions closely follow the actual 

usage patterns, showcasing the model's precision in capturing energy usage trends and variations. The graph 

demonstrates that ANN can effectively predict energy demand, which is critical for optimizing consumption and 

reducing peak loads [9].  

Figure 3 compares total energy consumption before and after applying AI/ML-driven optimization techniques. 

The results indicate a substantial reduction in energy usage, from 1200 kWh to 950 kWh, reflecting the effectiveness 

of optimization in minimizing waste and improving efficiency. This graph emphasizes the tangible benefits of AI/ML 

in achieving energy-saving objectives, particularly in industries and sectors with high energy demands. 

 

 
FIGURE 4. Energy Savings with Optimization 

 

The experimental results include comparisons of model performance, predicted vs. actual energy usage, and energy 

savings before and after optimization. The Neural Network model demonstrated the lowest errors (MAE = 5.3, RMSE 

= 6.8), outperforming LR and RFR. Time-series plots comparing predicted and actual energy usage showcased the 
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ANN model's precision in capturing usage patterns. Optimization results highlighted a significant reduction in energy 

consumption, from 1200 kWh to 950 kWh, demonstrating the effectiveness of AI/ML-driven scheduling. These 

findings underscore the potential of advanced AI techniques in enhancing energy efficiency across diverse domains. 

CONCLUSIONS 

This research demonstrates the effectiveness of AI and ML technologies in improving energy efficiency through 

predictive modeling and optimization. Among the tested models, Artificial Neural Networks proved to be the most 

accurate in predicting energy consumption, enabling more reliable energy management. The application of AI-driven 

optimization techniques resulted in substantial energy savings, showcasing the practical benefits of these technologies 

in reducing energy waste and peak demand. These findings emphasize the importance of adopting advanced AI 

methods to address energy challenges and achieve sustainability objectives. Future work could extend these 

methodologies to larger datasets, incorporate real-time data from IoT devices, and explore more complex optimization 

frameworks to further enhance efficiency and scalability. This study underscores AI and ML's potential as essential 

tools for driving the global energy transition toward a more sustainable future [52, 53]. 
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