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Abstract: The rapid adoption of Electric Vehicles (EVs) has significantly increased the demand for efficient and scalable 
charging infrastructure. However, unplanned deployment of charging stations can lead to congestion, uneven distribution of 
resources, and inefficient energy utilization. This research proposes an EV Charging Infrastructure Analytics and Demand 
Forecasting system that uses data analytics and machine learning techniques to analyze EV charging patterns and predict future 
demand. The proposed system uses historical EV charging station data, traffic patterns, and geographical information to identify 
peak charging hours and high‑demand locations. Machine learning algorithms including ARIMA, Random Forest, LSTM, and 
XGBoost are used to forecast charging demand with high accuracy. The results help policymakers, investors, and urban 
planners make data‑driven decisions for EV infrastructure development. The proposed solution improves charging station 
placement, reduces waiting time for EV users, and supports sustainable transportation planning for smart cities. 
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I. INTRODUCTION 
Electric vehicles are becoming an important part of modern transportation systems because they reduce carbon emissions and 
dependence on fossil fuels. Governments around the world are encouraging EV adoption through incentives, subsidies, and 
infrastructure development programs. Despite the growth of EV adoption, charging infrastructure planning remains a major 
challenge. Many regions experience insufficient charging stations, long waiting times, and inefficient placement of charging 
infrastructure. Some stations remain underutilized while others experience high demand. Data analytics and machine learning 
techniques provide effective solutions for analyzing EV charging usage patterns and predicting future demand. By analyzing 
historical charging data, traffic density, and EV adoption trends, it becomes possible to forecast charging demand and identify 
optimal locations for charging stations. This research focuses on developing a machine learning‑based EV Charging Infrastructure 
Analytics system that analyzes EV charging station usage data and forecasts future charging demand to support better infrastructure 
planning. 

II. EXISTING SYSTEM 
Existing EV charging infrastructure planning methods are mostly manual and rely on limited data analysis. Charging station 
placement is often based on general assumptions rather than real usage patterns. 
A. Limitations of existing systems include 
1) Limited data analysis of EV charging usage 
2) No accurate demand forecasting system 
3) Charging stations placed in low‑demand locations 
4)  Lack of real‑time monitoring systems 
These limitations result in uneven distribution of charging infrastructure and inefficient resource utilization. 
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III. PROPOSED SYSTEM 
The proposed system is an EV Charging Infrastructure Analytics and Demand Forecasting platform that uses machine learning and 
data analytics techniques. 
 
A. Key Features 
1) Comprehensive Data Analysis using Exploratory Data Analysis (EDA) 
2) Machine learning models such as ARIMA, Random Forest, LSTM, and XGBoost 
3)  Identification of high demand locations for charging stations 
4)  Demand forecasting based on historical EV charging data 

 
B. Benefits: 
1) Helps government agencies plan charging infrastructure 
2) Enables investors to identify profitable charging station locations 
3) Reduces waiting time for EV users 
4) Supports sustainable transportation development 

 
IV. SYSTEM MODULES 

The system consists of several functional modules: 
1) Data Collection Module: Collects EV charging station usage data and EV traffic data from multiple sources. 
2) Data Processing Module: Cleans and preprocesses raw datasets, removes missing values, and prepares the data for analysis. 
3) Machine Learning Module:  Trains forecasting models such as ARIMA, Random Forest, LSTM, and XGBoost to predict 

charging demand. 
4) Backend Module: Developed using Flask framework to handle server-side processing and prediction requests. 
5) User Interface Module: Provides dashboards, charts, and prediction results to users. 

 
 

V. SYSTEM ARCHITECTURE 
The proposed system architecture consists of four main layers: 
Data Collection Layer: Includes EV registration APIs, charging network APIs, GIS data sources, and traffic sensors. 
Data Processing Layer: Performs ETL processes, data cleaning, feature engineering, and stores data in a data warehouse. 
Analytics and Machine Learning Layer: Implements usage analytics, forecasting models, and model training processes. 
Presentation Layer: Provides dashboards, REST APIs, mobile applications, and report generation tools for end users. 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 14 Issue III Mar 2026- Available at www.ijraset.com 
     

 
4147 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

 
VI. ALGORITHMS USED 

1) ARIMA (AutoRegressive Integrated Moving Average): Used for time‑series forecasting of EV charging demand. It analyzes 
historical charging data and predicts future trends. 

2) Random Forest: An ensemble machine learning algorithm that combines multiple decision trees to improve prediction accuracy. 
3) LSTM (Long Short‑Term Memory): A deep learning model designed for sequential data. It captures long‑term dependencies in 

time‑series EV charging data. 
4) XGBoost: An advanced gradient boosting algorithm that provides high prediction accuracy and handles complex datasets 

efficiently. 
 

VII. EXPERIMENTAL RESULTS 
Experimental results demonstrate that the proposed system effectively predicts EV charging demand. 
Model Accuracy Comparison: 
XGBoost Accuracy – 93.8% 
LSTM Accuracy – 91.2% 
Random Forest Accuracy – 88.7% 
ARIMA Accuracy – 82.5% 
XGBoost produced the highest accuracy with the lowest prediction error. 

 

 
 

VIII. TESTING 
1) Unit Testing: Individual modules such as data preprocessing, model training, and prediction functions were tested 

independently. 
2) Integration Testing: Verified the interaction between modules including backend processing and dashboard visualization. 
3) System Testing: The complete workflow including dataset loading, data processing, model training, and prediction generation 

was tested successfully. 
All modules worked correctly without runtime errors and produced accurate results.  
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IX. FUTURE SCOPE 
Future improvements of this system may include integration of real‑time EV charging data using IoT devices and smart charging 
stations. Mobile applications can also be developed to help EV users locate nearby charging stations. 
Advanced deep learning models and cloud‑based data analytics platforms can be integrated to support large‑scale EV datasets. 
Integration with renewable energy sources such as solar power can further improve sustainability of EV charging networks. 
 

X. CONCLUSION 
This research presented an EV Charging Infrastructure Analytics and Demand Forecasting system using machine learning 
techniques. The system analyzes EV charging patterns and predicts future demand with high accuracy. The insights generated by the 
system help governments, investors, and urban planners plan charging infrastructure efficiently. This data‑driven approach supports 
sustainable transportation and promotes faster adoption of electric vehicles. 
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