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Abstract: 
            India has emergent carbon emission and mitigation challenges and this paper focuses on both the 

quantification of emissions in coal mines of India as well as the pathways for achieving carbon neutrality. 

The project implements APIs, machine learning models, and visualization in its design to assess emissions, 

examine trends and recommend afforestation measures to curb emissions by utilizing Django, PostgreSQL, 

and Django REST Framework. The research discusses how it is possible to curb greenhouse gas emissions 

and thus be part of the efforts towards achieving the carbon neutrality target for India. 
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I. INTRODUCTION 

The global climate crisis has been characterized by 

an increased focus on approaches that will greatly 

reduce greenhouse gas emissions with coal mining 

as one of the primary industries. Coal mines emit 

significant quantities of methane (CH₄), and carbon 

dioxide (CO₂) which are very potent greenhouse 

gases. In particular, methane is rather effective in 

heat trapping, approximately 25 times more effective 

than CO₂ over 100-year perspective, making it 

especially critical to mitigate its emissions. Being 

one of the biggest coal producers and consumers, 

India is facing a conundrum on the one hand how to 

meet its energy requirements and on the other hand 

how to fulfil its obligations towards global carbon 

neutrality as envisaged under Paris Accord. As coal 

mining remains important economic activity in coal-

indebted countries, emissions from coal mines must 

also be evaluated and monitored for effective 

sustainable environment management. More often, 

conventional techniques using such estimation rely 

on manual calculations or simple tools which cannot 

be very large-scale and integrated with modern 

technologies as it would like to be. This creates a gap 

between what exists, information, and what one 

needs in most cases timely, actionable insights. 

Furthermore, measures on carbon credits and 

afforestation plans for industrial applications as 
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emission offsets do exist but they create a need for 

precise emissions data integration.  

The current project seeks to overcome these issues 

by developing a web application that facilitates 

emission quantification of coal mines and reduction 

techniques. The system, which is built employing 

Django, PostgreSQL and Django REST Framework, 

integrates external APIs and visualization elements 

in addition to strong backend to provide a flexible 

and simple approach. This project helps industries in 

their journey toward achieving carbon neutrality 

with the use of methane and CO₂ emission estimation 

and visualization of the emissions’ directional trends 

and afforestation in its features. In addition, the 

modular structure of the application makes it 

possible to refine it in the future which includes the 

use of IoT devices for real time monitoring and 

predictions utilizing machine learning. This research 

not only adds value to environmental conservation 

initiatives but also illustrates the role of such 

technology in resolving complicated industrial 

problems. 

II. LITERATURE REVIEW 

Quantification and limiting carbon emissions have 

been key areas of concern in climate change 

prevention, especially in the case of the large-scale 

greenhouse gas emitters, such as coal mine activities. 

Methane (CH₄) is a product of coal mine activities 

and a potent GHG with a 25-fold higher global 

warming capacity than CO₂. The Intergovernmental 

Panel on Climate Change (IPCC) specifies elaborate 

methodologies to quantify emissions such as 

methane resulting from coal mines, focusing on 

accurate quantification and prevention via high-

technology [1]. 

Mitra et al. pointed towards the importance of 

precise quantification of methane emissions and 

suggested various mitigation strategies that can be 

implemented in Indian coal mines. Their study 

points towards the possibility of creating scalable 

systems that are harmonious with real-time data and 

external factors like carbon credits and afforestation 

[2]. 

Recent studies also investigated the application of 

Geographic Information Systems (GIS) and remote 

sensing in tracking environmental degradation due to 

mining. They allow for indirect tracing of emissions 

but are limited in their application for direct carbon 

quantification [2]. The absence of modular platforms 

for real-time monitoring using IoT systems also 

limits their application. Machine learning techniques 

can derive emission trend estimations from the past. 

Hausfather et al. discussed the use of AI techniques 

in GHG emission projection and mitigation, which 

can be achieved while designing emission forecast 

models [3]. The lacuna is in implementing these 

techniques from the non-technical stakeholders' 

point of view. 

Visualization and Data Management Effective data 

visualization is essential in environmental decision-

making. Tufte et al. emphasized the need to use 

visualization tools like trend charts and comparative 

studies to improve stakeholder participation and 

decision-making [4]. Scalable interactive 

environmental data management is offered by 

Django-based web applications through managing 

large amounts of data in an efficient way and being 

able to make real-time visualizations. 

Carbon offset schemes like forestation projects are 

viewed as indispensable instruments for carbon 

sequestration. Carbon credit mechanisms and their 

alignment with sustainability objectives are the focus 

of research by Vandenbergh et al. Although the 

Kyoto Protocol and the Paris Agreement encourage 

their utilization, industry-level adoption of the 

mechanisms remains low because emission data and 

offsetting schemes are not aligned [5]. 

The literature reviewed shows that there are 

significant gaps in the application of sophisticated 

technological tools such as machine learning, 

visualization methods, and web-based systems for 

real-time monitoring and best decision-making. 

Existing carbon credit and afforestation schemes are 

rarely connected with actual emission data, thus 

being less efficient. This research aims to bridge the 

gaps by developing a Django-based system with the 

incorporation of emission quantification, data 

visualization and afforestation planning to provide a 

real-world solution towards carbon neutrality. 

 

III. OBJECTIVES 
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The overall goal of this research is to create a robust 

and scalable system that can quantify and analyze 

carbon emissions in Indian coal mines while 

developing actionable pathways for reducing these 

emissions. It will provide the accuracy in estimating 

methane (CH₄) and carbon dioxide (CO₂) emissions 

from coal production data with standardized 

emission factors. The project also wants to integrate 

external APIs to take in more data, such as carbon 

credit rates and afforestation plans to provide 

effective carbon offset strategies. Through advanced 

data visualization, it will enable stakeholders to 

monitor the trend of emissions, make assessments of 

the impact of the reduction strategies, and make an 

informed decision that is inline with India's 

commitment toward the global sustainability goals. 

Furthermore, the project focuses on modularity and 

scalability, allowing for future upgrades to include 

real-time monitoring using IoT devices and 

predictive analytics with the help of machine 

learning. The research bridges the gap between 

emission estimation and actionable insights toward 

advancing technological solutions to mitigate 

climate change impact. 

IV. PROBLEM STATEMENT 

Emissions from coal mining are also considerable, 

and the main greenhouse gases emitted during 

mining operations include methane (CH₄) and 

carbon dioxide (CO₂). Methane's high global 

warming potential calls for its accurate 

quantification and mitigation in combating climate 

change. However, conventional approaches for 

emission estimation are usually manual, fragmented, 

and do not have an integrated use of modern 

technologies. Moreover, carbon reduction 

mechanisms like afforestation plans and carbon 

credits are hard to incorporate into industries as there 

is a lack of accessible tools that provide reliable data 

and recommendations. This raises a pressing need 

for an all-inclusive system that not only estimates 

emissions but also visualizes trends and suggests 

pathways for achieving carbon neutrality, especially 

in coal-dependent regions like India. 

 

V. METHODOLOGY 

The proposed project is about developing a 

comprehensive web-based application for 

quantifying and analyzing carbon emissions from 

Indian coal mines. The methodology integrates 

advanced technologies, including Django for 

backend development, PostgreSQL for robust 

database management, Django REST Framework for 

API-based communication, and Matplotlib for data 

visualization. This system is designed to provide 

stakeholders with actionable insights into 

greenhouse gas (GHG) emissions, enabling them to 

adopt mitigation strategies such as carbon credits and 

afforestation plans. 

 
A. System Architecture 

The proposed architecture of the system is 

modular to ensure scalability and extensibility. The 

primary three components are the data processing 

and storage layer, calculation engine, and the layer 

for visualization and user interaction. The 

PostgreSQL relational database system is used in 

data processing and storage, ensuring massive 

amounts of data from a large dataset, including those 

regarding coal mine details, emission factors, carbon 

credit rates, and afforestation plans. The calculation 

engine uses dynamic algorithms that determine 

methane (CH₄) and carbon dioxide (CO₂) emissions. 

This is determined through a user input-based, 

standardized emission factors mechanism. The 

visualization and user interaction layer makes use of 

the Django REST Framework to expose the 

necessary API endpoints for functionality whereas 

Matplotlib is used for making insightful graphs about 

emission trends. 

B. Data Flow and Integration 

The system starts with data acquisition where coal 

mine operators or managers feed in the critical 

parameters, such as volume of coal produced, 

methane emission factors, and regional inputs. These 

are validated with the form handling system in 

Django and stored in the PostgreSQL database. 

External APIs also bring in real-time updates 

regarding emission factors, carbon credit rates, and 

afforestation plans. The fetched data is preprocessed 



International Journal of Scientific Research and Engineering Development-– Volume 8 Issue 2, Mar-Apr 2025 

        Available at www.ijsred.com                                 

ISSN : 2581-7175                             ©IJSRED: All Rights are Reserved Page 1541 

in the matter of consistency and accuracy before use 

in the calculation engine. 

 
Fig 1. Typical process flow of the implemented system 

 
C. Emission Estimation 

     Calculation of GHG emissions is the core 

functionality of the system. Methane emissions 

(CH4) can be estimated as follows: 

 

Fig 1. A typical process flow of the system.  

 

Methane Emissions (m³) = 

Coal Production (tonnes)×Methane Emission Factor

 (m³ CH₄/tonne). 

Additional CO₂ emissions from diesel usage, 

electricity consumption, and other activities are 

computed using activity data and emission factors 

fetched from external APIs. The total emissions are 

calculated by summing methane emissions (in CO₂ 

equivalent) and direct CO₂ emissions. 
 

D. Visualization and Analysis 

The calculated emission data is kept in the 

database for analysis and visualization of trends. The 

system offers interactive visualizations, such as line 

charts and bar graphs, to help stakeholders 

understand how emissions have changed over time. 

For instance, yearly methane and CO₂ emissions can 

be viewed, peaks and reductions identified, and these 

trends correlated with specific operational activities. 

These visualizations are generated dynamically 

using Matplotlib and are accessible through API 

endpoints or a dedicated dashboard. 
 

E. Integration of Carbon Offset Mechanisms 

The system has adopted carbon offset 

mechanisms by using carbon credit rates and 

afforestation plans. The API-fetched data is analyzed 

to give users actionable recommendations for the 

same. For example, based on the emission 

calculations, the system recommends afforestation 

plans that have their estimated carbon offsets in 

tonnes of CO₂ as well as cost estimations considering 

regional carbon credit rates to ensure that 

stakeholders have hands-on pathways toward carbon 

neutrality. 

 

F. Integration and Carbon Offset Mechanisms 

The system has adopted carbon offset 

mechanisms by using carbon credit rates and 

afforestation plans. The API-fetched data is analyzed 

to give users actionable recommendations for the 

same. For example, based on the emission 

calculations, the system recommends afforestation 

plans that have their estimated carbon offsets in 

tonnes of CO₂ as well as cost estimations considering 

regional carbon credit rates to ensure that 

stakeholders have hands-on pathways toward carbon 

neutrality. 

 
G. User Interaction and API Exposure 

The system is user-centric, meaning it is designed 

to be easy to use and accessible. The Django REST 

Framework exposes API endpoints for all major 

functionalities, including: Inputting coal production 

data and emission factors. Fetching carbon credit 

rates and afforestation plans. Retrieving emission 

calculation results. Visualizing emission trends. 

These APIs enable seamless integration with 

external systems. 
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VI. RESULT & ANALYSIS 

It's a well-designed web application, which 

calculates the carbon emissions due to coal mining 

and, simultaneously, offers practical insights 

through interactive visualizations of carbon 

offsetting strategies, and many more. All of this 

encompasses the very crucial functionalities, such as 

emissions calculation, data visualization, and 

interaction with external APIs for delivering 

meaningful outcomes to the stakeholders. 

 
A. Emission Calculations 

Methane (CH₄) and carbon dioxide (CO₂) 

emissions are determined with an accuracy of 

calculation from data on coal production and 

standardized emission factors. For instance, if a test 

dataset for coal production is 2,000 tones and it has 

a methane emission factor of 25.3 m³ CH₄/tone, the 

calculated methane emissions will be at 50,600 m³. 

Converting this into CO₂ equivalent with a GWP 

factor of 25 will give 1,265,000 tones of CO₂e 

 
B. Trend Visualizations of emissions 

The trends of the emissions are so dynamically 

represented with the production of application line 

graphs and bar charts specific to this. In such 

graphical representations, happening changes can be 

easily felt as well as peak emissions with severe 

implications and results for the stakeholders. Under 

such visual scenario of one instance, it was proved 

that by modification in operation, methane emission 

can be reduced around 15%. 

 

 
C. Interactive User Interface 

The frontend developed using React allowed 

users to interact with the system with ease, inputting 

data, viewing results, and downloading reports in 

CSV format. It helped technical and non-technical 

stakeholders use the application effectively. 

Fig 2. high-level system architecture for collecting emissions data, processing it and providing pathways for carbon neutrality 
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Fig 3. User-Interface of the web application 

 

 
D. Data Storage and Retrieval 

Handling big datasets was efficient; retrieval of 

emission data as well as the result happened fast. 

Queries, like emission trends retrieval or offset plan 

recommendation fetching, were run within 

milliseconds; thus, they meet performance 

requirements. 

 
E. Actionable Insight 

The system gave pragmatic suggestions on 

carbon offsetting strategies such as afforestation 

plans and carbon credit purchasing, which enabled 

the stakeholders to make their operations responsive 

to India's sustainability targets. 

 

 
 

Fig 4. Dashboard Interface  

 

 

Fig 5. Dashboard providing gap analysis insights 

 

 

Figure 5. Dashboard providing gap analysis insights 

 

VII. FUTURE ENHANCEMENTS 

 
A. Integration of Carbon Credits Mechanism 

The addition of a carbon credits module can 

further improve the system suggested by giving 

economic rewards for emission cuts. Adding a 

module that monitors the carbon credits earned from 

afforestation activities and emission cuts, the 

companies will be incentivized for their green 

activities. The system may also be coupled with 

carbon credit exchanges for real-time data and 

trading capabilities. 

 
B. Integration of Machine Learning Models 
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Incorporation of machine learning models can 

increase the predictive ability and accuracy of the 

proposed system. Models can be learned to forecast 

future emissions using past emissions data and 

suggest ways to maximize carbon reduction 

measures. AI-based analysis can also identify 

potential loopholes in carbon neutrality and present 

optimized mitigation paths. 

 
C. Real-Time Data Integration 

Subsequent versions of the project can also 

integrate real-time data monitoring through IoT 

sensors, allowing real-time and precise tracking of 

emissions. This will enable the system to be able to 

provide real-time feedback and actionable data to 

stakeholders. 

VIII. CONCLUSION 

The carbon footprint measurement system for Indian 

coal mines, developed with Django, PostgreSQL, 

and React, is designed to close the loop between 

emissions calculation and real carbon reduction 

action. With the provision of an end-to-end platform 

for emissions tracking, afforestation program 

execution, and carbon sink comparison statistics, the 

system provides actionable insights to coal mining 

enterprises wishing to become carbon neutral. 

While the current setup is a good start in computing 

emissions from different activities, there is room for 

further improvement. Incorporation of carbon credits 

systems and predictive modeling using machine 

learning can improve the system's efficiency and 

effectiveness. Moreover, data monitoring in real-

time using IoT systems can provide more accurate 

and timely information for decision-making. 

This project contributes to the growing need for 

interactive and scalable carbon footprint 

management systems for the mining industry. Future 

work will include further developing the ability of 

the system by adding cutting-edge data analytics 

techniques and integrating with worldwide carbon 

neutrality targets. 
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