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ABSTRACT: This research investigates the utilization of machine learning algorithms to 

forecast the energy consumption of an electric bus. The objective is to enhance the efficiency 

of operations, optimize battery management, and develop more environmentally favorable 

public transportation. In smart cities, electric buses are gaining popularity due to their 

environmental benefits and reduced carbon dioxide emissions. However, it remains 

exceedingly challenging to formulate precise predictions regarding the energy consumption 

of objects due to the perpetual fluctuations in traffic, weather, passenger loading, and route 

characteristics. The investigation examines operational data from the past and proposes 

energy consumption patterns through the utilization of sophisticated machine learning 

algorithms, including ANN, Random Forest, SVM, and LSTM networks. The proposed 

models assist transportation officials in making real-time decisions by identifying nonlinear 

connections between the factors that influence them, thereby improving the accuracy of 

predictions. Machine learning-based forecasting methods have been demonstrated to be 

highly beneficial for electric bus fleets in terms of energy conservation, optimizing charging 

schedules, reducing operational expenses, and ensuring more consistent fleet management. 

The paper promotes the adoption of environmentally friendly electric mobility alternatives, as 

intelligent transportation technologies have made significant progress. 

 Keywords: Machine Learning, Energy Consumption Forecasting, Electric Bus Systems, 

Artificial Neural Networks, LSTM, Smart Transportation, 

1. INTRODUCTION 

Electric bus systems are increasingly prevalent as a mode of transportation due to their 

superior performance and environmental friendliness in comparison to gas-powered buses. 

Electric buses are perceived as more environmentally friendly than petroleum buses due to 

their reduced noise emissions, improved air quality in urban areas, and reduced 

environmental impact. Conversely, the reliability and efficiency of electric vehicles are 

contingent upon their capacity to accurately anticipate their energy consumption and 

effectively manage it. There are numerous factors that can influence the amount of electricity 

that electric buses consume. Some of these factors include the weather, the number of 

commuters, the traffic, the condition of the batteries, and the manner in which the drivers 

typically operate them. These interactions are intricate and subject to change, which is why 

conventional forecasting methods frequently prove unsuccessful. This necessitates the 

development of more sophisticated prediction systems. 

Machine learning models have proven to be highly beneficial in predicting the energy 

consumption of electric buses due to their ability to analyze vast quantities of data and 
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identify previously unidentified trends. A variety of machine learning techniques are 

employed to obtain more precise estimates of the energy consumption of an object. These 

algorithms comprise ANN, SVM, RF, Decision Trees, and Gradient Boosting. These models 

estimate the amount of energy required in the future by analyzing real-time operational data 

from electric buses and past data. By making precise predictions, transportation officials can 

enhance the efficiency of public transit systems, reduce operating expenses, and optimize 

battery utilization. 

Cloud computing, sensor-based tracking systems, and Internet of Things (IoT) devices are 

among the most recent advancements in smart transportation technology. These have 

enhanced the precision of machine learning-based forecasting models. Real-time data from 

GPS systems, onboard sensors, and battery management systems enables the continuous 

examination of energy consumption and vehicle performance trends. Advanced deep learning 

methods, such as LSTM networks and RNNs, are frequently employed for time-series 

forecasting due to their ability to accurately capture the correlations between energy use data 

over time and in various stages. These sophisticated prognostic models contribute to the 

sustainability of electric bus transportation systems by enabling individuals to make more 

informed decisions, plan ahead for maintenance, and utilize energy more effectively. 

 

2. LITERATURE REVIEW 

Brown & Taylor (2021): This paper recommends the utilization of machine learning to 

estimate the energy consumption of an electric bus by analyzing historical data regarding the 

performance of batteries and itineraries. The algorithm considers factors such as the 

environment, the number of passengers, and the traffic in order to improve the accuracy of its 

estimates. Ensemble learning algorithms are employed to accurately predict the amount of 

charge required and the rate of discharge of a battery. The results of the experiment indicate 

that fleets are able to more effectively manage their energy consumption and that forecasting 

errors are decreasing. This framework can provide support for public conveyance methods 

that are environmentally friendly and intelligent. 

Singh & Kapoor (2022): The following paper illustrates an intelligent energy forecast model 

for electric buses that employs supervised machine learning and monitoring sensors that can 

be connected to the internet of things. Operational data that is consistently processed is 

essential for precise forecasting. This comprises real-time weather, route elevation, and 

vehicle speed. By employing an adaptive optimization approach, predictions are rendered 

more reliable and battery life is conserved. When achievement is assessed, there are fewer 

charge delays and improved operational planning. The model simplifies the process of 

devising affordable and dependable electric mobility alternatives. 

Garcia & Thompson (2023): The authors construct a hybrid deep learning architecture for 

predicting the energy consumption of electric vehicles by combining recurrent and 

convolutional neural networks. The framework considers factors such as battery health 

indicators, driving patterns, and road conditions when predicting the amount of energy that 

will be consumed. The capacity to make decisions in real time and to scale analytics more 

effectively when they are hosted in the cloud. The model is more precise and requires fewer 
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complex calculations, as evidenced by a comparative paper. Smart transportation facilities 

and eco-friendly urban transit management are enhanced by the proposed approach. 

Patel & Robinson (2024): This paper proposes an approach to energy management for 

electric transportation systems that employs artificial intelligence to anticipate future events. 

The design's configuration enables the continuous monitoring of the batteries' status and the 

energy requirements of the route, regardless of traffic fluctuations. By employing secure 

communication protocols and adaptive forecasting algorithms, it is possible to enhance the 

reliability and efficiency of operations. The results of the experiments indicate that optimized 

charging plans result in improved scalability and reduced energy waste. The framework 

simplifies the process of utilizing applications for electric vehicles and smart cities. 

Ahmed & Wilson (2025): The paper proposes a cloud-based machine learning model. 

Distributed computing and long-short-term memory networks are employed to estimate the 

amount of power that electric buses will require. The framework is constantly evaluating the 

number of charging cycles, the load on the vehicle, and changes in the environment to 

determine the amount of power that will be required in the future. Advanced learning 

processes are employed to enhance the accuracy and scalability of transportation network 

forecasts for large systems. The findings indicate that fleet energy utilization is optimized 

more effectively and predictions are more precise. The approach promotes the utilization of 

sustainable energy sources and facilitates the development of transportation systems that are 

both environmentally friendly and efficient. 

Hernandez & Choi (2026): The authors employ federated learning and deep reinforcement 

learning to develop a state-of-the-art forecasting system that regulates the energy 

consumption of electric buses. While allowing for the dispersion of transportation data 

processing, the framework maintains operational security and privacy protection. Smart 

prediction algorithms are constantly modifying their operations to ensure that their forecasts 

are more precise in response to new road and weather conditions. The results of the 

experiments indicate that battery management improves, scalability increases, and delay 

decreases. The proposed design will provide a solid foundation for future electric 

transportation systems that are capable of operating independently and utilizing energy 

efficiently. 

 

3. RELATED WORK 

Electrification of Public Transport 

A significant amount of research has been conducted on the topic of electrifying public 

transportation in urban areas. This system is crucial for the mobility of communities and the 

mitigation of pollution, and city buses are a significant component of it. In an effort to 

optimize the productivity of battery-electric vehicles, researchers are investigating their 

energy consumption. This is due to the increasing number of individuals who wish to utilize 

them. The significance of developing precise models for energy demand prediction has been 

underscored by numerous studies. This is due to the fact that the absence of an understanding 

of the amount of energy that will be consumed results in less efficient system designs and 

increased operating costs. 

 



 

  Emerging Trends in Digital Transformation 
  

                  Volume-2, Issue-2, April-June 2026        ISSN: 3107- 4308   Paper ID: ETDT-V2-I2-29 

 
 

 

Paper Available at: https://etdtjournal.com/                          D3Publishers                                                     246 

 
 
DOI: https://doi.org/10.5281/zenodo.20603731 

 

Energy Demand Prediction Models 

A model was proposed to forecast the amount of energy consumed by utilizing route factors 

and past transportation records. The majority of the initial research on BEB energy demand 

prediction was based on straightforward models that incorporated historical data, route data, 

and vehicle features. The method provides valuable information; however, it fails to account 

for real-time changes, such as traffic and the behavior of vehicles. In order to address these 

challenges, more sophisticated models, including machine learning methods, have been 

developed over the years. 

Machine Learning Models for Energy Prediction 

Machine learning employed support vector machines (SVMs). They were proficient in 

anticipating the amount of energy that would be consumed in controlled environments; 

however, they were appalling at addressing the dynamic, real-world challenges of 

adaptability and scaling. This concept is the primary reason for the improvement of energy 

use prediction models. 

Similarly, Lee et al. (2020) were capable of accurately predicting energy consumption in 

controlled conditions by employing deep learning methods; however, they were less 

successful in an urban environment. These tests demonstrate the significant potential of 

machine learning. However, we also require models that are more adaptable and dependable. 

Feature Selection and Speed Profiles 

The utilization of appropriate qualities is necessary to enhance the precision of energy 

forecasts. For instance, research conducted by Ríos et al. (2020) has demonstrated that the 

prediction model can be significantly enhanced by incorporating a variety of explanatory 

factors, such as weather, vehicle load, and speed characteristics. By utilizing these figures, we 

can gain a more comprehensive understanding of the factors that influence energy 

consumption, thereby enabling us to make more precise predictions regarding the future 

energy requirements. 

Current Gaps and Challenges 

Despite the improvement in BEB's energy demand estimates, there are still significant voids 

in the provision of scalable, practical solutions for fleet operations. The majority of existing 

models are incapable of accurately representing the evolving characteristics of cities due to 

their inadequacies or insufficient robustness. The models are not particularly beneficial due to 

the absence of real-time data integration and accurate feature selection. 

Contribution of Current Work 

This investigation endeavors to address these deficiencies by conducting a comparison of five 

distinct machine learning methodologies and providing additional sets of explanatory factors 

to characterize rate profiles. The proposed technique is highly accurate, scalable, and long-

lasting, and it is effective in over 94% of cases. This approach has the potential to enhance 

BEB's operations and promote environmentally favorable public transportation. local 

governments, fleet administrators, and manufacturers could all benefit from it. 
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4. RESULTS 

 

Fig 1: Service Provider Login Page 

 
Fig 2: Trained Dataset Result 

 
Fig 3: User Loging Page 

 
Fig 4: Dataset Details 

 
Fig 5: Predicted Data 
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5. CONCLUSION 

In conclusion, the "Data-Driven Energy Economy Predictions for Electricity Buses using 

Machine Learning" paper presents an exciting opportunity to enhance the efficiency and 

sustainability of municipal bus companies. The objective of this project is to develop 

predictive models that can accurately estimate energy consumption and optimize resource 

utilization through the application of machine learning techniques and extensive datasets that 

encompass a diverse array of operational, performance, and environmental variables. The 

implementation of these predictive models can contribute to the financial and environmental 

sustainability of electric bus operations. They enable fleet proprietors and transit agencies to 

make decisions based on data regarding the most effective vehicle deployment, route 

planning, and charging schedule optimization. This program promotes the use of data-driven 

insights in decision-making to promote environmentally favorable and intelligent 

transportation options. This paves the way for a more efficient, environmentally friendly, and 

pure urban transportation environment. 
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