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ABSTRACT 
The integration of machine learning techniques in energy management has become pivotal 
in optimizing energy consumption and reducing operational costs. As the demand for 
energy efficiency grows, various studies have demonstrated the effectiveness of predictive 
modeling driven by advanced algorithms. Mawson and Hughes (2020) explored the use of 
deep neural networks to forecast energy consumption and environmental conditions in 
manufacturing facilities, highlighting the superior performance of feedforward and recurrent 
neural networks in predicting building energy needs and workshop conditions. Similarly, 
Walker et al. (2020) examined machine learning algorithms for predicting electricity demand 
at both individual building and cluster levels, finding that methods like boosted-tree, random 
forest, and artificial neural networks (ANNs) provided accurate hourly predictions, crucial for 
understanding short-term energy dynamics. On the other hand, Deng, Fannon, and 
Eckelman (2018) compared machine learning methods to SARIMA models for predicting 
energy use intensity (EUI) in U.S. commercial buildings. Their study revealed that while 
machine learning algorithms offered modest improvements in accuracy, SARIMA models 
were effective with limited data. El Alaoui et al. (2023) further highlighted the strengths of 
machine learning over SARIMA in predicting heating energy consumption, though SARIMA 
also proved useful in scenarios with minimal training data. Jana, Ghosh, and Sanyal (2020) 
proposed a hybrid deep learning approach combining maximal overlap discrete wavelet 
transformation (MODWT) with long short-term memory (LSTM) networks, showing its 
effectiveness in forecasting energy consumption across various sectors. Overall, these 
studies underscore the potential of machine learning and hybrid models in enhancing 
energy management strategies, improving accuracy, and optimizing energy usage across 
different contexts. Continued advancements in these technologies will be essential for 
developing effective energy solutions and achieving sustainability goals. 
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INTRODUCTION 

Efficient energy management in commercial environments is increasingly challenging 

due to rising operational costs and sustainability demands. Predictive modeling, powered 

by machine learning techniques, offers a promising solution to these challenges by 

providing valuable insights for optimizing energy use and cutting expenses. Machine 

learning encompasses methods that allow systems to learn from data without explicit 

programming. In commercial settings, these techniques can forecast energy consumption, 

identify inefficiencies, and implement effective energy-saving strategies. 
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Predictive modeling excels at analyzing extensive historical and real-time data to 

forecast future energy needs. Techniques such as artificial neural networks, decision trees, 

and regression models can process data from sensors, building control systems, and 

weather information to create accurate energy demand models. These models account for 

variables such as occupancy patterns, weather conditions, and special events, enabling 

more proactive and tailored energy management. 

 

Figure 1: Approach for forecasting residential and commercial energy consumption. Source: Nabavi et al. 
(2020). 

 
 
 

Furthermore, predictive modeling helps pinpoint inefficient usage patterns and 

recommend adjustments to HVAC systems, lighting, and other equipment. Integrating these 

models with smart control systems allows for real-time adjustments, enhancing energy 

efficiency and reducing costs. Recent studies, such as those by Mawson and Hughes 

(2020), demonstrate the effectiveness of deep neural networks in forecasting energy 

consumption and environmental conditions in manufacturing facilities. Their research, which 

compared feedforward and recurrent neural networks, showed high accuracy in predicting 

energy use and environmental variables, proving the value of machine learning in industrial 

energy management. 

Similarly, Deng, Fannon, and Eckelman (2018) evaluated machine learning methods 

against SARIMA models for predicting energy performance in U.S. commercial office 
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buildings. Their findings indicate that while machine learning models like Support Vector 

Machines and Random Forest offer improved accuracy, linear regression models were 

more effective for certain predictions, such as plug loads. This highlights the nuanced 

performance of predictive algorithms based on specific datasets. 

Walker et al. (2020) explored the use of machine learning algorithms for predicting 

electricity demand at both individual buildings and building clusters, emphasizing the need 

for accurate short-term forecasts. Their study found that algorithms such as boosted-tree, 

random forest, and artificial neural networks provided the best results for hourly predictions, 

offering valuable insights for managing electricity consumption. 

In another study, Jana, Ghosh, and Sanyal (2020) introduced a hybrid deep learning 

approach combining maximal overlap discrete wavelet transformation (MODWT) with long 

short-term memory (LSTM) networks. Their approach demonstrated superior performance 

in predicting energy consumption across various sectors by decomposing time series data 

and aggregating forecasts from different components. 

El Alaoui et al. (2023) assessed the performance of machine learning models versus 

SARIMA models for predicting heating energy consumption in Morocco. They found that 

machine learning models generally outperformed SARIMA models in prediction accuracy 

but noted that SARIMA models were effective with limited data. This suggests that while 

machine learning offers high accuracy, SARIMA models also have their place in energy 

forecasting. 

Finally, Ahmad, Zhang, and Yan (2020) reviewed various forecasting models for 

renewable energy and electricity, highlighting their role in improving energy system 

efficiency and supporting planning efforts. The review covered machine learning algorithms, 

ensemble approaches, and artificial neural networks, noting their ability to handle large 

datasets and provide accurate forecasts. This comprehensive analysis guides professionals 

in selecting appropriate forecasting methods for energy planning and policy development. 

In conclusion, the integration of machine learning techniques into energy 

management strategies offers a significant advantage in addressing the complex 

challenges of optimizing energy consumption and reducing costs across various sectors. 

The studies reviewed highlight the effectiveness of predictive modeling in enhancing energy 

management, with machine learning algorithms demonstrating superior accuracy and 

efficiency compared to traditional methods in many cases. Research by Mawson and 

Hughes (2020) and Walker et al. (2020) underscores the potential of deep neural networks 
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and advanced predictive algorithms in forecasting energy needs and managing electricity 

consumption, both at individual and cluster levels. 

However, the findings also reveal that while machine learning models, such as 

Support Vector Machines and Random Forest, provide valuable insights and improved 

prediction capabilities, there are circumstances where traditional models like SARIMA still 

hold merit, particularly in scenarios with limited data (Deng, Fannon, & Eckelman, 2018; El 

Alaoui et al., 2023). The hybrid approaches discussed by Jana, Ghosh, and Sanyal (2020) 

further illustrate the potential of combining advanced techniques for more granular and 

accurate energy forecasting. 

Overall, these studies demonstrate the importance of leveraging machine learning 

and hybrid models to tackle energy management challenges effectively. They also highlight 

the need for continued innovation and refinement in predictive algorithms to enhance their 

applicability and accuracy in various contexts. As energy management becomes 

increasingly critical in the face of rising operational costs and sustainability demands, 

adopting these advanced techniques will be crucial for developing effective energy 

strategies and achieving long-term efficiency and cost savings. 
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