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Introduction

Climate change is one of the most pressing challenges of our time, driven
largely by the emission of greenhouse gases (GHGs) into the atmosphere.
Among these emissions, Scope 3—indirect emissions occurring across an
organization's value chain—is often the most difficult to track yet plays a
crucial role in understanding and mitigating overall carbon footprints. The
FOSSEE Semester-Long Internship on Scope 3 Emission Database
Development aims to address this gap by creating a comprehensive database
to assist companies and policymakers in making informed decisions on
carbon accounting and sustainability.

Understanding GHG emissions is fundamental to tackling climate change.
The primary gases contributing to global warming include carbon dioxide
(COy), methane (CH,), nitrous oxide (N,0O), and fluorinated gases—each with
varying Global Warming Potential (GWP) and sources. For example, CO,,
accounting for approximately 76% of global GHG emissions, is primarily
released through fossil fuel combustion and deforestation, whereas CH,
emissions stem largely from agriculture and waste management. Effective
carbon accounting frameworks, such as the GHG Protocol, help
organizations measure emissions across Scope 1, Scope 2, and Scope 3
categories to enhance sustainability efforts.

This report provides a background study on Scope 3 emissions, detailing its
importance in environmental accounting, major emission sources, and
existing database methodologies. Additionally, it explores global carbon
reporting standards, carbon footprint assessment, and the role of carbon
offsets in achieving Net Zero emissions. By leveraging reliable regulatory
frameworks like the EU Emissions Trading System (EU ETS) and protocols
such as Task Force on Climate-related Financial Disclosures (TCFD),
businesses and policymakers can improve transparency and efficiency in
carbon management.

The development of the Scope 3 Emission Database will play a crucial role in
facilitating sustainable business practices, enabling companies to reduce
their carbon footprints, comply with regulations, and align with
international climate goals. This initiative underscores the urgent need for
comprehensive emission tracking, ensuring a data-driven approach to
mitigating climate change impacts.



Overview of Scope 3 Emissions

Scope 3 emissions refer to indirect greenhouse gas (GHG) emissions that
occur across an organization's entire value chain, beyond direct operational
control. They encompass emissions from activities such as supplier
operations, product transportation, employee commuting, waste disposal,
and end-use emissions from products and services.

Unlike Scope 1 emissions (direct emissions from owned sources like
company-owned vehicles and factories) and Scope 2 emissions (indirect
emissions from purchased electricity and heating/cooling), Scope 3 includes
a broader range of emissions that organizations typically do not own but still
influence. In many cases, Scope 3 emissions account for the largest share of
total carbon emissions within an organization—often exceeding 70% of total
corporate emissions for industries like manufacturing, retail, and services.

Given their indirect nature, tracking and reducing Scope 3 emissions
presents a significant challenge for businesses. However, improving Scope 3
emissions monitoring is vital for companies seeking to align with global
climate goals, improve sustainability performance, and meet regulatory
requirements such as the European Union Emissions Trading System (EU
ETS) and the Task Force on Climate-related Financial Disclosures (TCFD).

Importance of Emission Database Development

The development of a Scope 3 Emission Database plays a crucial role in
enabling companies, policymakers, and researchers to accurately track and
quantify indirect emissions. Without a centralized database, organizations
struggle to identify key emission hotspots, leading to inefficiencies in carbon
management and climate strategies.

Key benefits of a Scope 3 Emission Database include:

o Standardization & Data Accuracy: Establishing consistent
methodologies for calculating and reporting emissions across supply
chains.

e Regulatory Compliance: Helping organizations meet mandates under
protocols like the GHG Protocol and Science-Based Targets
initiative (SBTi).

o Industry Benchmarking: Allowing businesses to compare their
emissions performance with peers and adopt best practices for
carbon reduction.

e Sustainability Planning: Enabling companies to make informed
decisions about emission reduction strategies such as carbon offsets,
green energy adoption, and supply chain optimization.



By developing a comprehensive Scope 3 Emission Database, companies can
strengthen transparency, build investor confidence, and contribute to global
sustainability efforts toward Net Zero emissions.

Objective of the Internship

The objective of this project was to provide a structured approach to
tracking and analyzing indirect emissions. With an increasing global
emphasis on carbon accountability, this internship focused on developing a
centralized emission database, an interactive dashboard, and a user-friendly
data collection system to support individuals and organizations in
measuring and reducing their carbon footprints. It equipped us with the
technical expertise and analytical skills needed to develop a functional
emissions database. The objectives of the internship include:

1. Understanding Greenhouse Gas Emissions: Interns will conduct a
background study on key GHGs, including carbon dioxide (CO,),
methane (CH,), and nitrous oxide (N,O), analyzing their sources,
impacts, and regulatory reporting requirements.

2. Exploring Carbon Accounting & Global Reporting Frameworks:
Interns will study carbon reporting systems such as the GHG
Protocol, CDP (Carbon Disclosure Project), and TCFD to understand
how organizations track and disclose their emissions.

3. Developing a Structured Scope 3 Emission Database: Interns will
work on database design, data validation methodologies, and
integration of emission factors from regulatory sources like the IPCC
(Intergovernmental Panel on Climate Change) and national
environmental agencies.

4. Applying Data Analytics for Emission Reduction Strategies:
Interns will analyze sector-specific emission trends, identifying
potential carbon mitigation strategies such as renewable energy
adoption, waste management, and carbon offset investments.

5. Ensuring Practical Industry Applications: The database framework
developed during the internship can be leveraged by corporate
sustainability teams, environmental researchers, and climate
policymakers to enhance carbon management practices and support
informed decision-making.

Through this internship, we gained hands-on experience in sustainability
research, environmental data science, and emissions tracking—contributing
to global efforts in addressing climate change.

Development of an Interactive Dashboard & User Data Collection Tool



To make carbon accounting more accessible, an interactive dashboard was
developed, functioning as a Scope 1, Scope 2, and Scope 3 emissions
calculator for individuals and companies.

Key Features of the Dashboard
1. Data Collection via User-Friendly Forms

o Individuals and companies could input travel activities, fuel
consumption, and electricity usage to estimate emissions.

o Organizations hosting events had the ability to track emissions
from venue operations, transportation, and supply chain
logistics.

2. Real-Time Emissions Calculation

o The tool differentiated Scope 1 (direct emissions), Scope 2
(indirect emissions from energy use), and Scope 3 (indirect
supply chain emissions) for an accurate assessment.

o It integrated scientifically validated emission factors from global
climate databases.

3. Carbon Footprint Reduction Reports

o Users received detailed emissions reports with customized
sustainability recommendations, including:

1. Switching to renewable energy sources

2. Optimizing travel and transportation choices

3. Implementing sustainable supply chain practices
4. Tree Planting Suggestions for Carbon Offset

o The tool suggested the specific number of trees to be planted
based on a user’s calculated emissions.

o Users were directed toward verified afforestation and carbon
offset projects to neutralize their carbon footprint.

5. Industry Applications & Scalability

o The dashboard was adaptable for corporate ESG reporting,
assisting businesses in complying with frameworks like the
GHG Protocol, CDP, and TCFD.

o Individuals could use it to track and reduce their personal
carbon footprints, encouraging sustainable lifestyle choices.



Impact & Future Applications

The integration of a Scope 3 Emission Database and an Interactive
Dashboard in this internship established a data-driven approach to carbon
accounting, empowering organizations and individuals to actively contribute
to global sustainability efforts. By ensuring accurate emissions tracking,
regulatory compliance, and actionable reduction strategies, this internship
played a pivotal role in enhancing corporate climate accountability and
supporting global Net Zero goals.

Development of Scope 3 Emission Database

The Scope 3 Emission Database serves as a comprehensive resource for
businesses and researchers, enabling them to quantify indirect emissions
across various activities, including supply chain operations, product use,
and logistics. The database aims to:

o Standardize emissions reporting by integrating verified emission
factors from regulatory bodies such as IPCC, EPA, and UNFCCC.

o Facilitate data-driven decision-making by allowing organizations to
benchmark their emissions against industry standards.

e Support corporate sustainability efforts by providing insights into
areas where emission reduction strategies could be implemented.

Project Background
What are GHG emissions?

Greenhouse gases (GHGs) are gases that trap heat in the Earth's
atmosphere, contributing to the greenhouse effect. Gases that trap heat in
the atmosphere are called greenhouse gases. This section provides
information on emissions and removals of the main greenhouse gases to and
from the atmosphere. The primary GHGs include:

e Carbon Dioxide (CO;): Accounts for ~76% of global GHG
emissions. Carbon dioxide enters the atmosphere through burning
fossil fuels (coal, natural gas, and oil), solid waste, trees and other
biological materials, and also as a result of certain chemical reactions
(e.g., cement production). Carbon dioxide is removed from the
atmosphere (or "sequestered") when it is absorbed by plants as part of
the biological carbon cycle. (US EPA). Major sources include fossil fuel
combustion, deforestation, and industrial processes (IPCC, 2021).

e Methane (CH,): Accounts for ~16% of GHG emissions. Major sources
include agriculture (livestock and rice paddies), landfills, and natural
gas systems (EPA, 2023). Methane is emitted during the production



and transport of coal, natural gas, and oil. Methane emissions also
result from livestock and other agricultural practices, land use, and
by the decay of organic waste in municipal solid waste landfills.

e Nitrous Oxide (N,0): Accounts for ~6% of GHG emissions. Major
sources include agricultural soil management, industrial activities,
and combustion of fossil fuels (IPCC, 2021). Nitrous oxide is emitted
during agricultural, land use, and industrial activities; combustion of
fossil fuels and solid waste; as well as during treatment of wastewater.

o Fluorinated Gases: Synthetic gases like hydrofluorocarbons (HFCs)
and sulfur hexafluoride (SF¢) used in refrigeration and industrial
applications. They have high Global Warming Potential (GWP) but
contribute less than 2% of total emissions (UNFCCC, 2023).
Hydrofluorocarbons, perfluorocarbons, sulfur hexafluoride, and
nitrogen trifluoride are synthetic, powerful greenhouse gases that are
emitted from a variety of household, commercial, and industrial
applications and processes. Fluorinated gases (especially
hydrofluorocarbons) are sometimes used as substitutes for
stratospheric ozone-depleting substances (e.g., chlorofluorocarbons,
hydrochlorofluorocarbons, and halons). Fluorinated gases are typically
emitted in smaller quantities than other greenhouse gases, but they
are potent greenhouse gases. With global warming potentials
(GWPs) that typically range from thousands to tens of thousands, they
are sometimes referred to as high-GWP gases because, for a given
amount of mass, they trap substantially more heat than COo.

Additional compounds in the atmosphere including solid and liquid
aerosol and other greenhouse gases, such as water vapor and ground-
level ozone can also impact the climate.

The development of a Scope 3 Emission Database is a crucial step toward
improving greenhouse gas (GHG) accounting and enabling businesses and
individuals to track emissions comprehensively. Scope 3 emissions include
indirect emissions occurring throughout an organization’s value chain,
making them one of the most complex but important aspects of carbon
footprint analysis.

This section explores the foundational concepts of Scope 3 emissions,
existing carbon accounting databases, and their significance in global
sustainability efforts.

Understanding Scope 3 Emissions

Scope 3 emissions refer to indirect greenhouse gas emissions generated from
sources not owned or directly controlled by an organization but related to its



operations. These emissions arise from activities such as procurement,
transportation, product use, waste disposal, and supply chain operations.

Scope 3 emissions are typically divided into 15 categories, as outlined by the
GHG Protocol:

Upstream Emissions (Before the Organization Uses a Product or
Service)

1. Purchased goods and services

Capital goods

Fuel- and energy-related activities (not included in Scope 1 or Scope 2)
Upstream transportation and distribution

Waste generated in operations

Business travel

Employee commuting

® N o g & W b

Upstream leased assets

Downstream Emissions (After the Organization Uses a Product or
Service)

9. Downstream transportation and distribution

10. Processing of sold products

11. Use of sold products

12. End-of-life treatment of sold products
13. Downstream leased assets

14. Franchises

15. Investments

Since Scope 3 emissions often account for more than 70% of a company's
total emissions, businesses must track and mitigate them to achieve Net
Zero targets and meet regulatory requirements. However, due to the
decentralized nature of these emissions, collecting accurate data is
challenging.

The Scope 3 Emission Database aims to simplify this process by integrating
reliable emission factors and real-time tracking methods to make emissions
measurable, transparent, and actionable.

Existing Database Systems for Carbon Accounting



Several global carbon accounting databases exist to support organizations in
tracking emissions. However, many are limited in Scope 3 tracking, making
a dedicated Scope 3 Emission Database essential.

Existing Key Carbon Accounting Databases & Protocols

1. GHG Protocol Database — A widely used emissions reporting
framework that helps businesses categorize their emissions into Scope
1, Scope 2, and Scope 3.

2. IPCC Emission Factor Database (EFDB) — Provides scientifically
validated emission factors, allowing organizations to calculate CO,
equivalent (CO,e) values based on activity data.

3. CDP (Carbon Disclosure Project) Database — Encourages businesses
and governments to voluntarily report their emissions and climate-
related risks.

4. EPA & UNFCCC Databases — Offers industry-specific emission
insights used in global climate policy and corporate sustainability
planning.

5. EU Emissions Trading System (EU ETS) - Facilitates carbon trading
and provides emissions caps for industries within the European
Union.

While these databases offer valuable tools for carbon accounting, they lack
real-time emissions tracking, interactive user data collection, and
personalized reduction strategies. The Scope 3 Emission Database aims to
fill this gap, integrating industry-specific emissions data, real-time reporting
dashboards, and sustainability recommendations.

Significance of Scope 3 Emission Tracking

Tracking Scope 3 emissions is essential for businesses and policymakers
striving for sustainability. Effective Scope 3 tracking:

o Identifies emission hotspots within supply chains, helping
organizations implement carbon reduction strategies.

o Improves corporate sustainability reporting by providing data for GHG
Protocol, CDP, and TCFD frameworks.

e Supports carbon neutrality efforts, allowing organizations to measure
progress toward Net Zero goals.

« Enhances transparency and investor confidence, particularly for
businesses involved in ESG (Environmental, Social, Governance)
reporting.



e Ensures regulatory compliance with emissions mandates like the EU
ETS and national greenhouse gas reporting systems.

Given the critical role Scope 3 emissions play in global climate mitigation,
integrating a dedicated emission tracking system into corporate
sustainability strategies ensures that businesses can take effective and
data-driven climate action.

Methodology

The development of the Scope 3 Emission Database and interactive
emissions dashboard required a structured approach to ensure the accurate
collection, storage, processing, and visualization of greenhouse gas (GHG)
emissions data. This methodology encompasses data collection techniques,
tools and technologies used, and challenges faced during the
implementation of the system.

Data Collection Techniques

To enable real-time emissions tracking, an interactive dashboard was
designed to collect first-hand user data on various sources of emissions,
including transportation, food consumption, and energy usage. Users
provided relevant information, which was processed through scientifically
validated emission factors to calculate their carbon footprint.

1. User-Entered Transport Data

Since transportation accounts for a significant portion of Scope 1 and Scope
3 emissions, the dashboard gathered details about users’ travel activities:

e Personal and public transport usage (car, bus, train, air travel,
bicycle, walking).

e Fuel consumption (petrol, diesel, CNG, electricity for EVs).
o Distance traveled and frequency of trips to estimate overall emissions.

Each travel mode had predefined emission factors sourced from IPCC, EPA,
and GHG Protocol standards, allowing the system to convert activity data
into CO, equivalent (CO,e) values.

2. Energy Consumption & Household Emissions
Users reported their daily energy consumption, including:
o Electricity usage from fossil-fuel-based grids vs. renewable sources.

e Heating and cooling appliances (air conditioners, room heaters, water
heating systems).



e« Waste disposal methods, including landfill contributions and
recycling.

These entries helped categorize emissions under Scope 2 (electricity
purchased) and Scope 3 (indirect energy-related activities).

3. Food Consumption & Dietary Emissions

Food production contributes significantly to methane emissions, especially
through livestock farming. To quantify food-related carbon footprints, users
were asked about:

o Dietary preferences (meat-based vs. plant-based diets).

e Frequency of consumption of high-emission foods such as red meat,
dairy, and processed products.

Emission calculations accounted for agricultural supply chain impacts,
categorizing emissions under Scope 3 (indirect supply chain activities).

Tools and Technologies Used

To streamline emissions tracking, the system integrated various
technologies, ensuring efficient data processing, storage, and visualization.

1. Streamlit for Dashboard Deployment

The emissions dashboard was deployed using Streamlit, a Python-based web
framework known for its:

o Interactive capabilities, allowing users to input data and receive real-
time insights.

o Simple yet powerful visualization tools, making emissions data more
accessible.

o Scalability, ensuring adaptability for individuals and organizations.

Users could enter their transport, energy, and food consumption data, and
the dashboard instantly computed carbon footprints and reduction
strategies.

2. MongoDB for Database Storage & Management

To efficiently store large datasets generated from user entries, MongoDB was
used. This NoSQL database system offered:

o Flexibility in handling structured and unstructured emissions data.
e Scalability to accommodate increasing user interactions.

o Fast retrieval, supporting comparative analysis over different periods.



Each user’s emissions data was stored, allowing trend analysis and long-
term tracking.

3. Visualization Techniques for Emissions Breakdown

To make emissions more understandable and actionable, multiple
visualization methods were employed:

e Pie Charts: Represented the percentage breakdown of emissions
across transportation, energy use, food consumption, and other
sources.

e Bar Graphs: Provided comparative analysis across Scope 1, Scope 2,
and Scope 3 emissions, helping businesses identify high-emission
activities.

o Statistical Insights: Displayed emissions-related metrics such as:
o Average emissions per user per month.

o Highest emissions recorded, highlighting areas that needed
mitigation.

o Lowest emissions recorded, showcasing best sustainability
practices.

4. Emission Reduction Reports & Tree Planting Recommendations

After processing user data, the dashboard generated detailed carbon
footprint reports, including:

o Customized strategies to reduce emissions, such as switching to green
energy, optimizing travel, or adopting plant-based diets.

e Recommendations for tree planting, calculating the number of trees
required to offset emissions through afforestation initiatives.

These features enabled businesses and individuals to take informed steps
toward carbon neutrality.

Challenges Faced

While the emissions tracking system provided valuable insights, several
challenges were encountered during implementation.

1. Data Accuracy & Standardization

 Emission factors varied across sources, requiring careful selection to
ensure uniformity.

e User-reported data depended on manual input, which could lead to
minor inaccuracies in emission calculations.



2. Integration with Real-Time Emission Factors

o The system needed frequent updates to match evolving IPCC, EPA,
and UNFCCC standards.

e Certain industries had unique carbon accounting methods,
necessitating sector-specific adjustments in emission factors.

3. Scalability & System Load Handling

e As the dataset grew, real-time emissions computation became
resource-intensive, requiring database optimizations.

e Supporting multiple users simultaneously required performance
enhancements to maintain quick processing speeds.

4. User Adoption & Engagement

« Encouraging businesses and individuals to use the tool regularly for
emissions tracking was challenging.

e The need for awareness campaigns arose, ensuring that users
understood the importance of tracking Scope 3 emissions for
sustainability goals.

The Scope 3 Emission Database and interactive dashboard successfully
provided an intuitive and data-driven approach to carbon accounting. By
integrating Streamlit for deployment, MongoDB for data storage, and
advanced visualization techniques, the system offered real-time emissions
tracking, enabling users to take proactive climate actions.

Despite challenges in data accuracy, scalability, and user adoption, the
emissions dashboard served as a valuable tool for businesses, policymakers,
and individuals aiming to measure and reduce their carbon footprint.

Development & Implementation

The Scope 3 Emission Dashboard and its underlying database system were
developed with a structured approach to ensure efficient data collection,
integration, validation, and visualization. Given the complexities of tracking
indirect emissions, the implementation process focused on designing a
system that could provide accurate, real-time insights for both businesses
and individuals.

The dashboard was built to:
1. Collect user-generated emissions data through an interactive form.

2. Process data using verified emission factors for precise calculations.



3. Store emissions-related information in a structured MongoDB
database.

4. Provide visual analytics and insights through pie charts, bar graphs,
and statistical breakdowns.

5. Generate personalized sustainability reports, suggesting emission
reduction strategies like tree planting recommendations.

Each stage of development was carefully designed to ensure accuracy,
scalability, and usability, making carbon accounting accessible and
actionable for users.

Database Structure & Design

The emissions database was structured using MongoDB, a NoSQL database
that provided flexibility, scalability, and high-speed processing for handling
large datasets of emissions-related information. The database was designed
with multiple collections, each serving distinct purposes in the emission
tracking system.

1. Collection Schema Design

The database consisted of four primary collections, categorizing emissions
and user inputs efficiently:

e User Profiles Collection: Stored user-specific data, including activity
logs, timestamps, and previous emissions reports, allowing users to
track their footprint over time.

« Emission Factors Collection: Contained scientifically validated
emission coefficients for various activities, sourced from IPCC, EPA,
and GHG Protocol datasets.

o Activity Data Collection: Maintained details about users' transport
habits, energy consumption, and food preferences, ensuring
structured data logging.

o Emission Reports Collection: Stored automated emissions
assessments, allowing users to access historical carbon footprint data
and measure their progress.

Each data entry was uniquely tagged, ensuring quick retrieval for dashboard
analytics and comparative reporting.

2. Key Fields & Data Attributes

The database tracked essential attributes to ensure accurate emissions
calculations:



User ID: Unique identifier linking personal emissions data.

Activity Type: Classified emissions under transport, energy, food, or
household sources.

Scope Category: Tagged emissions into Scope 1, Scope 2, or Scope 3,
differentiating between direct and indirect sources.

Emission Factor Reference: Linked to predefined CO, emission values,
ensuring regulatory compliance.

Timestamp & Historical Logs: Allowed users to track long-term trends
in their carbon footprint.

By maintaining an optimized data structure, the system ensured reliable
emission tracking, facilitating corporate sustainability initiatives and

individual climate actions.

Data Integration Process

For precise emissions calculations, the dashboard incorporated multiple
data sources, ensuring consistency with global carbon accounting
methodologies. The integration process involved merging user input with
scientific emission factors, converting raw activity data into CO, equivalent

(CO,e) emissions.

1. Processing User Data with Emission Factors

Upon entering transport, energy, or food details, the system matched
the inputs with verified emission coefficients in the Emission Factors
Collection.

The calculated emissions were categorized into Scope 1 (direct
emissions), Scope 2 (purchased electricity), and Scope 3 (indirect
supply chain emissions).

Each activity type had distinct emission multipliers, ensuring
accuracy in footprint calculation.

2. Automated Report Generation

The dashboard compiled individual and corporate emissions reports,
highlighting areas where carbon reduction strategies could be applied.

Each report contained:
o Pie chart representations of emission sources.

o Bar graph comparisons for trends across Scope 1, 2, and 3.



o Statistical insights, including average, highest, and lowest
emissions recorded per user.

o Personalized carbon footprint reduction strategies, including
suggestions to plant trees to offset emissions.

This automated data integration process ensured seamless emissions
monitoring, helping users take proactive climate action.

Validation & Quality Control

To ensure data accuracy and system reliability, multiple validation steps
were embedded within the emissions dashboard. These measures ensured
consistent tracking and reporting of carbon footprints.

1. User Data Validation

e« The dashboard incorporated predefined input options for transport
modes, energy sources, and food consumption to minimize errors.

e Drop-down menus ensured users selected accurate emission
categories, reducing manual data entry mistakes.

o System checks flagged unrealistic values and prompted users for
corrections before submission.

2. Validation of Emission Factors

« The emissions database referenced official sources, ensuring
calculations remained aligned with international carbon accounting
frameworks.

e Regular updates were performed to incorporate new research findings,
ensuring emission calculations matched global standards set by IPCC,
CDP, and UNFCCC.

3. Quality Control in Data Visualization & Reporting

e Visual analytics were cross-checked, ensuring the accuracy of
emissions breakdowns in pie charts and bar graphs.

e Scope classifications (Scope 1, Scope 2, Scope 3) were validated to
ensure activities were categorized correctly.

e« Emission reduction recommendations underwent testing to ensure

appropriate tree planting suggestions aligned with actual carbon offset
calculations.

This multi-layered quality control system ensured the dashboard provided
reliable emissions insights, helping businesses and individuals confidently
reduce their carbon footprint.



The Scope 3 Emission Dashboard and Database were developed to provide a
data-driven, scalable, and scientifically validated system for tracking carbon
footprints.

By ensuring structured database design, real-time data integration, and
robust validation measures, the system empowered users to take
meaningful action toward sustainability.

Despite challenges in data standardization and system optimization, the
dashboard successfully created a transparent emissions tracking
framework, enabling businesses and individuals to reduce their climate
impact effectively.

Results & Findings

The Scope 3 Emission Dashboard successfully demonstrated the importance
of real-time emissions tracking and user-specific data collection in carbon
footprint management. By analyzing transportation, energy consumption,
and dietary emissions, the dashboard provided valuable insights into the
distribution of greenhouse gas emissions across different activities. These
findings were compared with existing models and improvements were
identified to enhance usability and accuracy further.

Key Insights from Data

The emissions data collected from user interactions with the dashboard
revealed several important patterns in carbon footprint distribution:

1. Transportation Emissions Are the Largest Contributor

« Private vehicle use accounted for the highest share of emissions,
particularly from gasoline and diesel-powered cars.

o Users who opted for public transport or electric vehicles (EVs) showed
significantly lower emissions, reinforcing the role of sustainable
mobility in reducing carbon footprints.

e Air travel had disproportionately high emissions per trip, indicating
the importance of carbon offset programs for frequent travelers.

2. Food Consumption Patterns Have a Noticeable Impact

e Meat-based diets contributed substantially to methane emissions,
with beef and dairy products generating the highest carbon footprints.

e Plant-based diets resulted in lower emissions, supporting the
argument that dietary changes can play a major role in sustainability
efforts.



Food waste emissions were also a concern, suggesting that effective
waste management strategies should be considered alongside dietary
decisions.

3. Energy Consumption Contributes Significantly to Scope 2 Emissions

Household electricity usage varied greatly between users, with
emissions depending on energy sources (renewable vs. non-
renewable).

Users relying on fossil-fuel-based electricity grids had higher indirect
emissions, emphasizing the need for clean energy adoption.

Energy efficiency improvements, such as switching to LED lighting or
solar power, were seen as effective emission reduction strategies.

4. Scope 1 vs. Scope 3 Corporate Emissions Trends

Direct (Scope 1) emissions were lower than Scope 3 emissions in most
cases, highlighting the hidden impact of supply chains.

Companies with outsourced logistics and procurement had higher
Scope 3 footprints, reinforcing the need for sustainable supplier
networks.

Carbon footprint reduction strategies were more effective when
organizations addressed supply chain sustainability alongside direct
energy usage.

These insights indicate major emission hotspots across different activities,
underscoring the importance of real-time monitoring and tailored emission
reduction strategies.

Comparison with Existing Models

The Scope 3 Emission Dashboard was compared with traditional carbon
accounting models, showcasing its advantages over conventional static
emissions reporting.

1.

Conventional Carbon Accounting vs. Real-Time Dashboard Analytics

Traditional models such as GHG Protocol and CDP rely on annual
estimates and static reports, often using indirect approximations for
Scope 3 tracking.

The dashboard enabled dynamic, real-time carbon calculations,
ensuring that users could monitor and adjust their activities instantly.

. Generalized Emission Factor Databases vs. Personalized User Data



o Existing emission databases use average industry coefficients, offering
broad estimations but lacking personalization.

o The dashboard collected individual lifestyle and corporate activity
data, providing tailored emissions insights that aligned with real user
behavior.

3. Limited Visualization in Conventional Models vs. Graphical
Representation of Emissions

o Traditional reports rely on text-based summaries without interactive
visualization.

e The dashboard provided intuitive pie charts, bar graphs, and trend
analysis, making it easier to compare Scope 1, Scope 2, and Scope 3
emissions visually.

4. Tracking Scope 3 Emissions More Effectively

« Existing models often focus more on direct (Scope 1) emissions, with
fewer tools available for indirect carbon tracking.

e The dashboard actively measured supply chain and lifestyle
emissions, allowing businesses and individuals to account for
activities beyond direct energy use.

These comparisons highlighted the dashboard’s real-time monitoring, user
personalization, and enhanced analytics, making it a more flexible and
comprehensive tool than traditional reporting methods.

Improvements Suggested

Although the dashboard provided accurate tracking and emissions insights,
certain enhancements were identified to further improve its effectiveness.

1. Expanding the Scope of Emission Factor Databases

e More region-specific emission factors could be integrated, improving
the accuracy of location-based carbon footprint calculations.

o Sector-specific adjustments for industries such as manufacturing,
logistics, and event management could refine corporate reporting
accuracy.

2. Enhancing Al-Powered Emission Reduction Recommendations

e Implementing machine learning models could help automate
sustainability advice, optimizing transportation routes, energy
choices, and supply chain decisions.



e Predictive analytics could allow users to visualize expected emissions
trends, enabling better future planning.

3. Integrating Direct Carbon Offset Mechanisms

e Connecting the dashboard with verified tree-planting initiatives and
carbon credit marketplaces could encourage real-world impact.

« Enabling automated donation options for renewable energy projects
could facilitate instant offsets for calculated emissions.

4. Mobile App Deployment for Increased Accessibility

e A mobile app version would provide on-the-go emissions tracking,
increasing engagement and ease of use.

o Integrating GPS tracking could help users calculate transport-related
emissions more precisely.

5. Improving Corporate Adoption for ESG & Sustainability Compliance

o Businesses could receive automated sustainability reports aligned
with ESG frameworks, allowing easier compliance.

e Custom enterprise dashboards could be developed for organizations
seeking detailed supply chain emissions insights.

These improvements would increase usability, accuracy, and engagement,
making the dashboard a more impactful tool for climate-conscious
decisions.

How the Dashboard Can Be Used

The Scope 3 Emission Dashboard is designed for multiple use cases,
allowing individuals, corporations, event organizers, and policymakers to
track emissions effectively.

1. Personal Carbon Footprint Tracking

e Individuals can enter their daily activities and receive instant
emissions insights with tailored reduction suggestions.

e The dashboard recommends lifestyle changes such as switching
transportation modes or adopting plant-based diets to lower personal
carbon footprints.

2. Corporate Use for ESG & Sustainability Reporting

e Businesses can track Scope 1, 2, and 3 emissions and integrate data
into corporate sustainability frameworks such as CDP and GHG
Protocol.



« Companies can identify high-emission supply chain practices and
optimize procurement for lower environmental impact.

3. Event Sustainability Tracking

o Event planners can use the dashboard to track travel-related
emissions, venue energy use, and catering impacts, making climate-
conscious decisions.

o The system provides tree planting recommendations to offset event-
related carbon footprints.

4. Government & Policy Implementation

e Policymakers can use the dashboard to monitor emissions trends by
sector, influencing climate policy and setting carbon reduction targets.

« Urban planners can integrate insights into smart city designs,
ensuring low-carbon transportation networks.

The Scope 3 Emission Dashboard demonstrated strong potential in
providing detailed carbon tracking insights, surpassing conventional models
with real-time analytics, interactive visualization, and user-specific
emissions monitoring. By expanding dataset integration, implementing Al-
based recommendations, and enabling corporate reporting enhancements,
the system can evolve into a more advanced sustainability platform to drive
proactive climate action.

Conclusion & Future Scope

The development and deployment of the Scope 3 Emission Database and
Interactive Dashboard demonstrated the importance of real-time carbon
tracking, personalized emissions calculations, and actionable sustainability
insights. By integrating user-specific data collection, scientifically validated
emission factors, and comprehensive visualization tools, this system offered
an innovative approach to carbon footprint monitoring and reduction.

Beyond just tracking emissions, the dashboard was designed to empower
individuals, businesses, and policymakers with the ability to make informed
climate decisions, contributing to global sustainability goals. This section
highlights the key learnings from the project, recommendations for future
development, and potential applications that can further expand the impact
of the emissions tracking system.

6.1 Summary of Learnings

Throughout the development process, several important insights emerged
that shaped the functionality and effectiveness of the Scope 3 Emission
Dashboard:



1. Real-Time Tracking Improves Carbon Accounting Accuracy

One of the primary challenges with traditional emissions reporting systems
is their reliance on static, estimated data, which often lacks precision. The
dashboard addressed this limitation by:

Allowing users to input and track their emissions dynamically,
ensuring a real-time snapshot of their carbon footprint.

Visualizing carbon footprint breakdowns using interactive pie charts,
bar graphs, and comparative statistics, making emissions reporting
more understandable.

Offering instant sustainability recommendations, rather than relying
on post-event sustainability audits.

This real-time approach significantly enhanced user engagement and
provided actionable insights for behavioral changes.

2. Transportation and Energy Consumption Are Major Carbon Contributors

Analyzing emissions data collected through the dashboard revealed that:

Transportation accounted for the highest share of emissions,
particularly private vehicle usage and frequent air travel.

Public transport and electric vehicles led to lower carbon footprints,
reinforcing the need for sustainable mobility options.

Household electricity consumption varied greatly, with fossil-fuel-
based grids contributing significantly to Scope 2 emissions.

These findings confirmed that lifestyle adjustments in travel and energy use
could substantially reduce personal and corporate carbon footprints.

3. Scope 3 Emissions Are Often Overlooked but Represent the Largest Share

Businesses commonly focus on direct emissions (Scope 1) and energy-
related emissions (Scope 2) but fail to track indirect supply chain emissions
(Scope 3). The dashboard revealed that:

Scope 3 emissions often account for more than 70% of total corporate
emissions, making them a critical factor in sustainability reporting.

Supply chain optimizations and sustainable procurement strategies
were essential in reducing overall footprint.

Event organizers and corporate sustainability teams benefited from a
clearer view of indirect emissions sources, leading to better mitigation
strategies.



This insight emphasized the need for comprehensive Scope 3 tracking tools,
as indirect emissions have the highest reduction potential in corporate
sustainability strategies.

4. Dietary Choices Have a Noticeable Impact on Emissions

The inclusion of food-related emissions tracking in the dashboard allowed
users to evaluate their dietary habits. Findings showed:

e Meat-heavy diets resulted in higher emissions, with livestock-based
methane emissions contributing to the overall footprint.

o Plant-based diets significantly lowered emissions, providing users with
practical solutions to reduce their environmental impact.

e« Food waste management was another key factor, highlighting the
importance of sustainable consumption and disposal practices.

By including dietary tracking, the dashboard helped users reconsider their
food choices as part of their personal sustainability commitments.

6.2 Recommendations for Further Development

While the emissions dashboard provided valuable insights and user
engagement, several opportunities for improvement were identified to
enhance accuracy, accessibility, and overall impact.

1. AlI-Powered Predictive Analytics for Emissions Reduction

o Implementing machine learning algorithms could enable predictive
carbon tracking, allowing users to receive automated sustainability
recommendations based on historical data.

e Al-driven behavioral analysis could suggest optimal transportation
routes, energy-saving strategies, and low-emission dietary choices.

2. Integration of Direct Carbon Offset Mechanisms

o Tree-planting recommendations were included in the dashboard, but
integrating direct partnerships with carbon offset programs would
allow users to automatically invest in sustainability initiatives.

e Businesses could use the dashboard to purchase verified carbon
credits, ensuring tangible climate impact beyond emissions tracking.

3. Mobile App Deployment for On-the-Go Emissions Tracking

e Developing a mobile-friendly version would enable real-time travel
emissions tracking, increasing accessibility for users.



GPS integration could allow precise transport emissions calculations,
improving accuracy for commuting-based footprints.

4. Corporate ESG Compliance Features

Businesses could receive automated ESG compliance reports, aligning
emissions tracking with frameworks like GHG Protocol, CDP, and
TCFD.

Integrating sector-specific emission databases would enhance
corporate Scope 3 reporting for manufacturing, logistics, retail, and
finance industries.

S. Improving User Adoption Through Awareness Campaigns

Although the dashboard provided real-time sustainability insights,
widespread adoption required educational initiatives to encourage
users to actively track and reduce their emissions.

Community engagement features such as leaderboards, sustainability
challenges, and incentives could motivate users to participate in
carbon reduction efforts.

By implementing these improvements, the dashboard could become an
industry-standard carbon tracking tool, serving corporate sustainability

teams, event organizers, and individual climate-conscious users.

6.3 Potential Applications

The Scope 3 Emission Dashboard has a wide range of applications,
spanning individual carbon tracking, corporate sustainability programs,
event management, and government climate policy development.

1. Personal Use for Carbon Footprint Monitoring

Individuals can use the dashboard to evaluate travel habits, energy
consumption, and dietary choices, allowing them to actively reduce
their emissions.

The tree-planting recommendation feature offers users a practical way
to offset their footprint, linking them with verified sustainability
initiatives.

2. Corporate Use for ESG & Sustainability Reporting

Businesses can integrate the dashboard into their ESG tracking and
sustainability strategies, ensuring compliance with emissions
regulations.



e Corporations can assess supply chain emissions, working with
vendors and partners to implement carbon reduction strategies.

3. Event Sustainability Tracking

 Event organizers can use the dashboard to measure emissions from
transportation, venue energy use, and catering, enabling carbon-
neutral event planning.

o The system offers automated offset recommendations, allowing event
managers to achieve Net Zero footprints.

4. Government & Policy Implementation

e Policymakers can leverage the dashboard for sector-wide emissions
analysis, influencing national climate policies and sustainability
initiatives.

e The data-driven insights can support carbon taxation models,

emissions reduction targets, and renewable energy adoption
programs.

The Scope 3 Emission Dashboard demonstrated strong potential in
enhancing emissions tracking, sustainability awareness, and carbon
footprint reduction strategies. By providing real-time analytics, personalized
emissions insights, and interactive visualization, the system offered a user-
friendly alternative to conventional reporting models.

Future enhancements, including Al-powered recommendations, direct
carbon offset integration, and corporate ESG compliance features, could
elevate the dashboard into an advanced sustainability platform, helping
individuals, businesses, and governments drive meaningful climate action.

This project marks a step forward in making carbon accounting accessible,
actionable, and engaging, contributing to global Net Zero goals and
empowering climate-conscious decisions across industries.
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Emissions

Emission Overview

Understanding the different scopes of emissions is crucial for

effective carbon footprint management.

Emissions refer to the release of gases, particles, or pollutants into
the atmosphere from various sources. These emissions can
originate from natural processes (such as volcanic eruptions or
wildfires) or human activities (such as burning fossil fuels, industrial

processes, and agriculture)
The emissions can be categorized into three scopes:

These three categories are used in Greenhouse Gas (GHG)
accounting to measure and report emissions from different sources.
They help organizations track their carbon footprint and take action

to reduceit.

®. Scope 1: Direct Emissions

@, Scope 2: Indirect Emissions

. S(oEe 3: Indirect Emissions from the Suﬁglx Chain

Stay Updated

Subscribe to our newsletter for the latest sustainability tips, feature updates, and climate

action news.

Frequently Asked Questions

What are Scope 1, 2, and 3 emissions?

Scope 1 emissions are direct emissions from owned or controlled sources. Scope 2 covers indirect emissions from purchased electricity, steam,

heating, and cooling. Scope 3 includes all other indirect emissions in a company's value chain.

How accurate is the carbon footprint calculator?

Our calculator uses industry-standard emission factors and methodologies aligned with the Greenhouse Gas Protocol. The accuracy depends on the

quality of input data, typically providing estimates within 5-10% of actual emissions.

Can | export reports for sustainability reporting?

How often should | update my emission data?

For optimal tracking, we recommend monthly updates for operational emissions (Scope 1 & 2) and quarterly updates for value chain emissions (Scope
3).




What Users Say

This dashboard transformed how we plan sustainable events. We've reduced our carbon footprint by 40% in just six months.

S Sarah Johnson
Event Manager

Get Started Today

® 4l -

Visualize

Analyze Improve

Get detailed insights into your carbon e cUve charancicaEiRoa i SipLa e Actionable recommendations to reduce

your progress over time.

footprint across all emission scopes. your environmental impact.




Impact Statistics

acfive users tons

Did You Know?

Transportation contributes about 14% of global greenhouse gas emissions.

Working together, we can reach our emission reduction goals. Join 10,000+ other organizations making a difference.

Key Features

m

Real-time Analytics Sustainability Insights Mobile Friendly

Monitor your carbon footprint with Get personalized recommendations to Access your dashboard on any device,

interactive charts and visualizations. reduce your environmental impact. anywhere, anytime.

Climate Impact Preview

O | Carbon Footprint - An Animated Infographic

Reports Tab of Dashboard



& Emissions Calculators

Overview Analysis

Reports Dashboard

Reports module is loading. This feature will be available in the next update.

Monthly Emissions Report Quarterly Sustainability Analysis =

Last generated: March 28, 2025 Last generated: Q1 2025

Generate Report Generate Report

What-if Scenario Simulator

v

@ Original Emissions

4 % Optimization in Electricity Usage

¥ Projected Emissions (If Actions Taken)

Scope 3 Reductions

“ % Reduction in Materials Emissions

¥ Potential CO, Saved

» % Reduction in Transport Emissions

® % Reduction in Logistics Emissions

@ % Shift to Sustainable Food Choices



& What-If Scenario Simulator

Projected Emissions (tCOze)

Simulate alternative greener choices and see potential CO, savings! 60k

Scope 1 Reductions

@ % Reduction in Scope 1 Emissions

% Reduction in HVAC Emissions

@ Original Emissions

4 % Optimization in Electricity Usage

¥ Projected Emissions (If Actions Taken)

Scope 3 Reductions

ts What-If Scenario Simulator

Projected Emissions (tCOze)

Simulate alternative greener choices and see potential CO, savings! 60k

Scope 1 Reductions

® % Reduction in Scope 1 Emissions

Scope 2 Reductions

% % Reduction in HVAC Emissions

@ Original Emissions

4 % Optimization in Electricity Usage

¥ Projected Emissions (If Actions Taken)

Scope 3 Reductions




Emissions Analysis - Activities

A EIRSROLS peRIaIoIt IS Top Highest Emissions Recorded In this Event Doom Day

Scope 2

0.15%
Scope 1 Scope 3
99.8% 0.00168%

Emission

O scoper [0 scopez M scopes

180 40
ElectricityEmissions HVACEmissions Materials Scopel

SourceTable

Overall Emissions Analysis Tab

Emission Calculator & Ana

June 22,2025

This dashboard is designed to calculate and analyze emissions for Scope 1, Scope 2, and Scope 3. Use the navigation below to access different
sections of the tool.

& Emissions Calculators

Overview Analysis

Emissions Dashboard

Track Your Doom Day Carbon Footprints

Total Emissions Refresh Data




Scope 2 Emissions
B4 Choose Visu

Select Chart Type

B Bar Chart

Emissions by Usage for Doom Day

Value

40
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Cooling Nuclear Wind Lighting and other electricaluses  Hydroelectric

Usage

B4 Choose Visualization Type

Select Chart Type

W PieChart

Emissions Breakdown for Doom Day

Solar

Cooling

Nuclear

Hydroelectric

Lighting and other electrical uses
Wind
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4 Electricity Emissions # HVAC Emissions

Source Refrigerant

E cooling B raia
I solar B r3n2

. Hydroelectric . R-404A

Emissions (kg CO,e)
Emissions (kg CO,e)

| e |

Cooling Solar Hydroelectric R-32

Source Refrigerant

B Electricity Usage Overview

) Emissions Analytics

Select Emission Type

Electricity

4 Electricity Emission Data

Total Emission Average Emission Max Emission

Min Emission Total Records




4 Electricity Emissions # HVAC Emissions

(] Cooling
B solar

. Hydroelectric

Source=Cooling
Emissions=30.487

P Scope 2 Electricity and HVAC Emissions

Choose visualization type

Pie Chart

Electricity Inputs % HVAC Inputs
Select Electricity Sources Select HVAC Refrigerants

Cooling x  Solar x  Hydroelectric x R-410A x R-32 x R-404A x

Enter Electricity Usage (kWh) Enter HVAC Refrigerant Leak (kg)
Cooling (kWh) R-410A Leak (kg)

43.00 10.00

Solar (kwh) R-32 Leak (kg)

15.00 4.00

Hydroelectric (kWh) R-404A Leak (kg)

10.00 6.00

B r404a
BH r210a

B r32




Emission data saved successfully!

Emission Contribution by Fuel Type

B coal
Diesel
B Petroleum Gas (LPG)




Scope 1 Emissions Calculator

Welcome, ops_manager

Operations Manager

Profile

M Contact Us

Quick Stats

Carbon Footprint Target Progress

® Carbon Emissions Assistant

Ask me anything about your carbon

Deploy

Scope 1 Emissions Calculator -

Scope 1 emissions refer to direct greenhouse gas (GHG) emissions from sources that are owned or controlled by an organization.

Fuel Type 1: Consumption 1 (kg):

Coal 30.00

Fuel Type 2: Consumption 2 (litres):

Diesel 20.00

Fuel Type 3: Consumption 3 (kg):

Petroleum Gas (LPG) 5.00

Total Emission: 15.735 kg CO,

Add Another Fuel

Emission data saved successfully!

Emission Contribution by Fuel Type

@ Event Management

Select Existing Event Register New Event

Choose an event to work with:

Doom Day

B Event Details

Event Name: Doom Day

Location: Delhi

W Emissions Summary

Scope 1

Date: 2025-04-15

Expected Guests: 200




