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Abstract— The ""Web Application for the Estimation of
Carbon Footprints by Coal Mines of India* project aims
to create a digital platform to calculate, monitor, and
manage the carbon emissions associated with coal mining
operations in India. The web-based solution addresses the
urgent need for sustainable mining practices and
compliance with environmental regulations by providing
a tool for estimating carbon footprints based on various
factors such as coal production, energy usage, and fuel
consumption. The application features a user-friendly
interface built with modern web technologies, offering
data visualization, reporting, and monitoring capabilities.
It allows stakeholders, including mining companies,
regulatory bodies, and researchers, to assess carbon
emissions, track trends over time, and generate reports
for regulatory compliance. The system is designed with a
modular architecture, leveraging React.js for the
frontend, Node.js for the backend, and MongoDB for data
storage. Challenges such as data availability and emission
factor standardization were addressed to ensure the
accuracy and usability of the platform. The project
promotes data-driven decision-making and encourages
the adoption of sustainable practices within the mining
sector.
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I. INTRODUCTION

The Coal mining plays a significant role in India's
economy, serving as a primary source of energy and a major
industry for employment. However, the environmental
impact of coal mining, especially in terms of carbon
emissions, is substantial and poses a challenge to sustainable
development. The extraction and processing of coal
contribute to greenhouse gas emissions, which are a primary
cause of climate change. Addressing this issue requires tools
that enable mining companies and regulatory bodies to
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accurately estimate, monitor, and reduce their carbon
footprints. The "Web Application for the Estimation of
Carbon Footprints by Coal Mines of India" project aims to
develop a digital platform that simplifies the process of
calculating and managing carbon emissions for coal mining
operations. By providing a user-friendly interface and robust
data analytics, the application helps stakeholders track
emissions, identify key sources of carbon output, and
implement measures to reduce environmental impact. This
initiative  supports compliance  with  environmental
regulations and promotes the adoption of sustainable
practices in the mining sector. The application leverages
modern web technologies to offer a responsive user interface,
an efficient backend for data processing, and a scalable
architecture for future enhancements. Through data-driven
insights and reporting capabilities, it empowers mining
companies to take proactive steps toward reducing their
carbon footprints and contributes to broader efforts in
combating climate change. Estimating the carbon footprint of
a coal mining project involves assessing the greenhouse gas
(GHG) emissions generated during the entire coal lifecycle,
from extraction to transportation, processing, and eventual
combustion. Key sources of direct emissions include fuel
consumption by mining machinery (e.g., diesel-powered
trucks and excavators), methane release from coal seams
(especially in underground mines), and electricity use for
operational activities like ventilation and lighting. Indirect
emissions come from coal transportation (via trucks, rail, or
ships), processing and washing, and the supply chain of
mining materials.

I1. OBJECTIVE

The primary goal of the "Web Application for the
Estimation of Carbon Footprints by Coal Mines of India"
project is to create a digital platform that enables coal mining
companies in India to accurately estimate, monitor, and
manage their carbon emissions. This platform aims to
promote sustainability by providing valuable insights into the
environmental impact of mining activities and
recommending strategies for emission reduction. It also
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ensures national and international

compliance  with
environmental regulations by offering tools for tracking
emissions and generating necessary compliance reports. By

empowering stakeholders with real-time, data-driven
information, the platform facilitates better decision-making
and fosters a proactive approach to environmental
conservation. Additionally, the project aims to raise
awareness of the coal mining sector’s environmental
footprint and encourage the adoption of greener practices.

The objective of the "Web Application for the
Estimation of Carbon Footprints by Coal Mines of India"
project is to develop a comprehensive digital platform that
enables coal mining companies in India to effectively
estimate, track, and manage their carbon emissions. This
platform aims to support the adoption of sustainable mining
practices by providing accurate data and actionable insights
into emissions from coal production, energy usage, and fuel
consumption. Additionally, the system will facilitate
compliance with environmental regulations by generating
detailed reports and monitoring emission levels. The
application will empower stakeholders, including mining
companies and regulatory bodies, with real-time data to make
informed, data-driven decisions aimed at reducing the

environmental impact of mining activities.
I11. LITERATURE RIVIEW

Author : Lloyd has established ""Quantifying Greenhouse
Gas Emissions in Coal Mining Operations”(2011): This
paper examines the various sources of greenhouse gas
emissions in coal mining operations, comparing underground
and surface mining. The study highlights that surface mining
typically results in higher emissions due to the extensive use
of heavy machinery and increased fuel consumption. It offers
comparative insights into the environmental impact of
different mining techniques.

Author : Ghose has established "Environmental Impact
of Coal Mining: A Carbon Footprint Analysis'(2012):
This research provides a comprehensive analysis of carbon
emissions associated with coal extraction and transportation.
The study discusses challenges related to emission reduction,
emphasizing the need for accurate estimation tools and
suggesting methodological improvements for more precise
carbon accounting in coal mining.

Author : World Resources Institute (WRI) and World
Business Council for Sustainable Development (WBCSD)
have established ""Greenhouse Gas (GHG) Protocol: A
Framework for EmissionCalculations™ (2004) This
foundational document provides standardized guidelines for
calculating greenhouse gas emissions across various sectors,
including coal mining. It introduces scope-based accounting
(Scope 1, 2, and 3) and serves as a global benchmark for
emission reporting and management.

Author:International ~ Organization ISO  has
established “ISO14064 Standard : Guidelines for
Carbon Footprint Assessment” (2006):This paper outlines
principles and requirements for quantifying and reporting
greenhouse gas emissions. It ensures consistency and
transparency in environmental assessments and supports
organizations in implementing effective carbon
management strategies.

Author: Spath et al. (U.S. DOE/NREL) have established
"Life Cycle Assessment of Coal-fired Power
Production'(1999):This paper conducts a full life cycle
assessment (LCA) of coal-fired electricity generation, from
coal extraction to power plant operation. It quantifies the
environmental impacts, including GHG emissions, across
each stage of the coal power supply chain and identifies
critical points for emission reduction.

Author Singh and Shrivastava have established
"Mitigating Greenhouse Gas Emissions from Coal
Mining in India” (2014):This study explores technologies
and policy measures aimed at reducing methane and carbon
dioxide emissions from coal mines in India. It identifies
opportunities for emission capture, utilization, and regulatory
interventions to curb the environmental impact of coal
mining.

IV. PROPOSED METHODOLOGY

The proposed methodology outlines a digital
solution for analyzing carbon emissions and exploring carbon
neutrality pathways in the coal industry. Users start by
logging in and initiating the process via an input button
labeled “Explore Carbon Solutions.” They then enter key
operational data such as excavation volume, transportation
distance, fuel consumption, equipment usage, number of
workers, fuel type, emission mitigation measures, policies,
and annual coal production. The system validates these inputs
before proceeding. Once validated, a Flask server processes
the data and begins emission calculations. React’s useState
hooks are used to manage dynamic Ul updates. The results
are displayed by category—excavation, transportation,
equipment—giving users a detailed view of emission
sources. Visualization is enhanced through interactive charts
created with react-chartjs-2 and supporting plugins. Based on
the analysis, the system suggests actionable strategies and
policies to reduce emissions and achieve carbon neutrality.
The process ends with an option to revisit or export the results
for further use.

© 2025, IJSREM | www.ijsrem.com

DOI: 10.55041/IJSREM45816 |

Page 2


http://www.ijsrem.com/

SJIF RATING: 8.586

ISSN: 2582-3930

Login

Explone Carton
Solutions|Inpest
Button)

'

Excavationdions) , Transportation(km), fuel
ConsuepLon ) Equpment USageMonss) no of workees
fuel type, Emission Magation, Policies. Annaal Coal
Proguction

X

< Chiwck Vind Input 7 D0y Stop Procesy ‘

Yes

v

Flask Servor ‘
—_—
Bagn Cakuloton

I
—
f \

Wanstate Mook ’
¥

l Ceplay Viekss in @ Paramatan |

l

‘ Excavation . Transportation ‘

Equemant, Total

|

h 4

‘ Chan n  React Librasy ‘

l

Genecole graph with react-chaet j=-2
!l f pRonoddabion

l

pathways 1o acheve
carbon Neutradzation

Fig. Flowchart for Calculation of Carbon footprints
A. Data Collection and User Input

The system begins with user-driven data collection,
where essential operational and environmental details are
provided through an interactive interface. Users are required
to input data related to coal mining activities, which includes
excavation quantity (in tons), transportation distance (in
kilometers), fuel consumption (in liters), equipment usage
hours, and the number of workers involved. Additionally,
users specify the type of fuel used, any existing emission
mitigation strategies, relevant environmental policies, and
annual coal production figures. This data is crucial for
accurately calculating carbon emissions across different
stages of the operation. The system includes a validation step
to ensure all required fields are completed correctly before
moving forward with the analysis, ensuring data integrity and
reliability of the resulting calculations.

B. Backend Processing

Once the user inputs are validated, the data is sentto a
Flask-based backend server for processing. This server
handles the core logic of the system, including parsing the
input data and performing carbon emission calculations using
predefined emission factors and formulas. The backend
categorizes emissions by activity—such as excavation,
transportation, and equipment usage—allowing for detailed
analysis of each component. The processed data is then
returned to the frontend for display and visualization.
Simultaneously, a recommendation engine analyzes the
emission outputs and compares them against industry
standards and policy benchmarks. Based on this analysis, the
engine generates tailored suggestions for emission reduction,
such as adopting cleaner fuels, improving equipment
efficiency, or implementing advanced mitigation strategies.
These recommendations aim to guide users toward practical
steps for achieving carbon neutrality within their operations.

C. Generate Graph using react-chartjs-2

In the context of this system, real-time tracking refers
to the dynamic monitoring of user-provided operational data
and its immediate impact on carbon emissions. Using React’s
useState hooks and real-time state management, the system
updates emission calculations and visual feedback as users
modify inputs. This allows for an interactive experience
where users can instantly see how changes in fuel
consumption, equipment hours, or transportation distances
affect their overall carbon footprint. Visual elements like
dynamic graphs, powered by react-chartjs-2, provide clear,
real-time feedback, helping users identify high-impact areas.
This responsive feedback loop encourages experimentation
and informed decision-making, allowing users to adjust their
operational parameters and immediately evaluate the
environmental implications. Ultimately, it fosters a more
engaged and proactive approach to carbon management.

D. Explore Neutralization Pathways

The "Explore Neutralization Pathways" feature is a
core component of the system, designed to guide users toward
achieving carbon neutrality based on their specific
operational data. Once carbon emissions are calculated and
visualized, this module analyzes the emission profile and
suggests customized mitigation strategies. These may include
switching to low-carbon fuels, adopting renewable energy
sources, optimizing equipment usage, or implementing
carbon capture technologies.

The system also considers the user's adherence to
existing environmental policies and recommends policy
enhancements where applicable. By comparing current
practices against best-in-class standards and sustainability
goals, the module identifies the most effective pathways to
reduce emissions. Each recommendation is data-driven and
tailored, helping users prioritize actions based on feasibility
and impact. This feature empowers users not only to
understand their carbon footprint but also to take actionable
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E. System Architecture

The system architecture is built on a modular, client-

server model to ensure scalability, flexibility, and efficiency.
The frontend is developed using React.js, enabling a
responsive and interactive user interface. It manages input
forms, visual feedback, and real-time chart updates through
state management tools like useState. The backend is
powered by Flask, a lightweight Python web framework that
handles data processing, carbon emission calculations, and
communication with the frontend via RESTful APIs.
Data flows securely from the frontend to the backend, where
emission logic is applied based on standardized formulas and
emission factors. The results are then sent back to the
frontend for real-time visualization. The architecture also
incorporates external libraries such as react-chartjs-2 and
chartjs-plugin-datalabels for dynamic graphing.
Additionally, the system supports modular integration of a
recommendation engine, allowing for scalable upgrades
like machine learning-driven insights or advanced analytics
modules. This robust architecture ensures smooth user
experiences and reliable performance for carbon analysis and
reporting.
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Fig. Architecture of Calculation of Carbon Footprints

F. Results and Discussion

The developed web application effectively collects key
operational data from coal mining sites to estimate their
carbon footprint. Users are prompted to input several
parameters such as:

e Type and quantity of fuel used

e Number of workers
e Operational area (in hectares)
e Coal emission levels
e Annual coal production
Based on these inputs, the application calculates the

estimated greenhouse gas (GHG) emissions, including
carbon dioxide (CO:), methane (CH.), and nitrous oxide
(N:20), using standardized emission factors. The results are
presented in CO: equivalent (COze), providing a clear and
comparable measure of the environmental impact.

The application also generates visual reports and
dashboards to help users understand emission trends over
time, identify major emission sources, and support decision-
making for emission reduction strategies. This outcome
demonstrates the tool's capability to assist coal mining
companies and regulatory bodies in monitoring, reporting,
and managing carbon emissions effectively.

EMPOWERING INDIA'S
COAL INDUSTRY
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V. CONCLUSION

The Carbon Footprint Estimation System for Coal Mines
is a comprehensive solution designed to measure, analyze,
and manage greenhouse gas (GHG) emissions in mining
operations. This project addresses the increasing global
concern for environmental sustainability and provides a data-

driven approach to emission tracking, regulatory compliance,
and decision-making.

By leveraging advanced technologies like React.js,
Node.js, MongoDB, Python, and Al-based analytics, the
system offers an efficient and scalable platform for mining
companies, regulators, and environmental organizations. The
integration of real-time monitoring, predictive analytics, and
reporting capabilities makes this system an essential tool for
emission reduction and sustainable resource management.

The system’s scalability ensures that it can be expanded
to other industrial sectors, making it a versatile tool for
emission tracking across various industries. Future
enhancements such as loT-based real-time emission
monitoring, Al-driven predictive modeling, and blockchain
for data security will further strengthen its impact on
environmental conservation and sustainable mining
practices.

In conclusion, this project serves as a critical step
towards responsible mining and environmental sustainability.
By providing a technologically advanced, efficient, and
reliable system, it empowers industries to reduce their carbon
footprint, comply with regulations, and contribute to a cleaner
and greener future.

The Carbon Footprint Estimation System for Coal Mines
has immense potential for future enhancements to improve
accuracy, efficiency, and scalability. As industries continue
to focus on sustainable development and environmental
conservation, this system can evolve with advanced
technologies to meet future demands. Below are the key areas
for future development:

1.Real-Time Emission Monitoring with loT

e Integration of 10T sensors (e.g., Arduino, Raspberry
Pi, MQTT) to collect real-time emission data
directly from mining sites.

e Live data streaming using Apache Kafka for
immediate processing and analysis.

e Automated alerts for abnormal emission levels to
ensure quick response and regulatory compliance.

2.Mobile Application for On-the-Go Access

e Development of a mobile-friendly wversion or
dedicated app for easy access to emission data and
reports.

e Push notifications for
compliance updates.

e Offline data entry and synchronization when an
internet connection is restored.

real-time alerts and
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3. Expansion to Other Industrial Sectors

e Extending the system beyond coal mines to oil &
gas, manufacturing, power plants, and
transportation industries.

e Customizable emission factor models for different
industries.

e Scalability to a global level for multinational

companies and international regulatory bodies.
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