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ABSTRACT:

The transportation industry has a substantial impact on air quality and global climate change due to its enormous contribution to carbon dioxide (CO:) emissions.
The goal of the project, "A Reliable End-to-End Machine Learning Model to Predict CO. Emissions in Different Types of Cars," is to create a data-driven predictive
model that incorporates important automotive characteristics to estimate CO- emissions from vehicles. Analysing how different parameters, such as engine size,
cylinder count, vehicle class, fuel consumption (highway, city, or mixed), fuel type, and gearbox type, affect emission levels is the main goal. We create a predictive
model that uses user-inputted vehicle specs to estimate CO: emissions by utilizing machine learning techniques, specifically linear regression. To guarantee excellent
prediction accuracy, the project includes data preprocessing, model training, and evaluation. After that, the trained model is included into a web application built
on Flask, giving users an easy-to-use interface to enter car information and get forecasts for CO2 emissions in real time. By evaluating the environmental impact
of various vehicle types, the program helps consumers, legislators, and automakers make smarter decisions that will lower carbon footprints. Beyond forecasting,
this study investigates the wider environmental effects of vehicle emissions, looking at how they contribute to public health issues, urban air quality degradation,
and climate change. Future regulations that promote the use of electric cars, fuel-efficient vehicles, and alternative energy sources can be greatly influenced by the
knowledge gathered from this study. This project raises awareness and encourages sustainable mobility options by offering an approachable and engaging platform,
which eventually helps to create a cleaner and healthier world.

Keywords: CO: emissions, machine learning, vehicle emissions, predictive modelling, sustainable transportation

1. INTRODUCTION

The increasing concentration of carbon dioxide (CO:) emissions from automobiles has become a pressing environmental challenge, contributing
significantly to climate change and air pollution. A significant portion of world emissions come from the transportation sector, which continues to be one
of the biggest contributors of greenhouse gases. Environmental degradation is made worse by the growing demand for personal and commercial
automobiles brought on by the acceleration of urbanization and industrialization. This calls for the creation of creative methods for tracking, evaluating,
and lessening the effects of vehicle emissions.

Policymakers, automakers, and environmentally conscious consumers must all have a thorough understanding of the major factors influencing car CO:
emissions. Various parameters, including engine size, number of cylinders, fuel consumption, fuel type, and gearbox type, directly influence pollution
levels. Conventional methods of calculating and cutting emissions depend on empirical models and laws, which might not always offer precise and useful
information. Data-driven approaches like machine learning provide a strong substitute for creating predictive models that can evaluate big datasets and
produce precise emission estimates in order to overcome these difficulties.

Based on important automotive characteristics, this project offers a machine learning-based prediction model that estimates CO2 emissions from different
automobile models. To produce accurate emission forecasts, the model assesses crucial characteristics using sophisticated data analysis techniques. Linear
regression, a popular statistical technique for forecasting continuous values, is the main approach used in this study. To improve its predictive power, the

model is trained on a large dataset that includes actual car specs and the associated CO: emissions.

Using Flask, the trained model is incorporated into an intuitive online application to guarantee usability and accessibility. Users can enter particular
vehicle details into this interactive application to get real-time CO2 emission predictions. A system like this enables people and businesses to make well-
informed choices regarding car purchases, operational effectiveness, and legal compliance. The project intends to raise awareness about car emissions
and promote the use of eco-friendly transportation options by offering a user-friendly platform.

This study investigates the wider environmental effects of vehicle emissions in addition to forecast capabilities. The study looks at the ways that high
CO2 emissions affect public health issues like respiratory and cardiovascular disorders, urban air pollution, and climate change. It also promotes the
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broad use of electric, hybrid, and fuel-efficient vehicles and emphasizes the necessity of sustainable transportation laws. This project hopes to support
international initiatives to lower carbon footprints and promote a cleaner, more sustainable future by utilizing data-driven insights and technical
innovation.

Additionally, one important step toward evidence-based decision-making is the incorporation of machine learning into environmental sustainability
undertakings. Stakeholders can put into practice efficient ways to lower vehicle emissions by evaluating enormous volumes of data and producing precise
predictions. While automakers may utilize predictive analytics to create fuel-efficient and environmentally friendly automobiles, policymakers can use
these findings to establish policies that support cleaner transportation. These technologies also help consumers because they allow them to compare the
environmental impact of several cars before making a purchase. This project is a catalyst for change, encouraging a move toward sustainable vehicle
solutions and a greener planet by bridging the gap between technology and environmental conscience.

2. MATERIALS AND METHODS

Along with the associated CO2 emission figures, the dataset utilized in this study includes vehicle details such as engine size, number of cylinders, vehicle
class, fuel consumption (highway, city, and combined), fuel type, and gearbox type. To guarantee its quality and suitability for training the machine
learning model, the dataset was gathered from openly accessible sources and pre-processed.

2.1 Data Preprocessing

Before feeding the dataset to the machine learning model, a number of data pretreatment procedures were used:

e  Managing Missing Values: Imputation approaches, such as mean replacement for numerical variables and mode imputation for categorical
attributes, were used to identify and rectify missing values in the dataset.

. Feature Scaling: To ensure uniformity and keep some features from overpowering others in the model, standardization techniques were used
to standardize numerical data like engine size and fuel consumption.

. Coding Categorical Variables: To enable the machine learning model to efficiently analyze categorical data, vehicle class, fuel type, and
transmission type were transformed into numerical representations using one-hot encoding.

o  Data Splitting: To precisely assess model performance, the dataset was split into training (80%) and testing (20%) sets.
2.2 Model Development

Because of its ease of use, interpretability, and efficiency when working with continuous numerical data, a linear regression model was chosen to forecast
CO: emissions. To determine correlations between the input variables and CO2 emission levels, the model was trained using the processed dataset.
Techniques for hyperparameter adjustment were used to improve the model's prediction accuracy.

2.3 Model Evaluation

The following common evaluation metrics were used to evaluate the model's performance:
e  The average squared difference between actual and anticipated values is measured by the Mean Squared Error, or MSE.
e The goodness-of-fit of the model is indicated by the R-squared value, which shows the percentage of variance in the dependent variable that
can be accounted for by the independent variables.

2.4 Model Deployment

The trained model was implemented using Flask, a lightweight web framework based on Python, to improve accessibility. To enable customers to enter
car specs and obtain real-time CO: emission estimations, an intuitive web application was created. Because of its straightforward design, the interface
can be used by a variety of parties, such as customers, legislators, and automakers.

By empowering consumers to choose vehicles based on CO: emissions, the deployed model encourages eco-friendly choices and supports international
initiatives to lower carbon footprints.

3. RESULTS

The web application's outcomes confirm how well the model predicts CO2 emissions based on user-inputted car parameters. Important vehicle
information, including engine size, cylinder count, fuel consumption, fuel type, gearbox type, and vehicle class, can be entered by users via the web
interface. The estimated CO2 emissions are dynamically shown on the screen after computation.
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The system ensures that users may rapidly comprehend the environmental impact of their car by providing real-time and easily comprehensible outputs.
The outputs of the web application are shown in the following figures:

Figure 1 shows the web application’s input interface, where users can enter vehicle parameters to receive CO- emission predictions.
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Figure 1: Web application interface for CO: emission prediction

Figure 2 demonstrates the predicted CO2 emissions for a sedan with a 4-cylinder, 1119 cc engine and set fuel consumption values after clicking

"Calculate CO.."
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Figure 3 displays the predicted CO. emissions for an SUV, highlighting the output for improved readability.
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Figure 2: Predicted CO: emissions for a Sedan
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Figure 3: Predicted CO: emissions for an SUV.

These results empower users to make more informed decisions about their vehicle choices, fostering greater awareness of CO: emissions and encouraging
environmentally friendly selections.

4. DISCUSSION

The findings of this study are consistent with other research showing that higher fuel usage and larger engine sizes lead to higher CO: emissions. The
web-based program created for this project offers manufacturers, legislators, and consumers a useful tool for efficiently evaluating car emissions. The
application of predictive analytics to climate change mitigation is demonstrated by this project's integration of machine learning with sustainability
initiatives.

In order to improve emission estimates, future improvements might include adding more information like real-time traffic circumstances, weather effects,
and vehicle age. To increase prediction accuracy, other machine learning models, such as decision trees and neural networks, could be investigated. The
model's applicability across a range of geographic regions would be improved by expanding the dataset to include regional emission regulations and
worldwide car models. This project supports ongoing efforts to minimize carbon footprints and promote sustainable transportation through ongoing
innovation and improvement.

5. CONCLUSION:

Based on important parameters, this study effectively created a prediction model based on machine learning to estimate CO2 emissions from different
types of automobiles. The model offers real-time emission forecasts to help consumers and politicians make educated decisions. It is integrated into an
intuitive Flask web application. This project supports environmental preservation and sustainable transportation initiatives by raising awareness of car
emissions. To improve accuracy and usefulness, future research can investigate more complex algorithms and other factors.
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