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Abstract - This study has been undertaken to develop an
image analysis framework for estimating the carbon footprint
of consumer products using advanced computational
techniques. The framework leverages image recognition
models alongside a dataset of product-specific carbon emission
metrics to provide accurate assessments. Streamlit serves as the
primary interface for user interaction, while Python, HTML,
and CSS facilitate backend computation and frontend design.
The analytical framework integrates data preprocessing, feature
extraction, and environmental impact modelling to ensure
robust analysis. Publicly available datasets on carbon footprints
have been utilized to train and validate the system. The
proposed system aims to bridge the gap between academia and
sustainable practices, offering an innovative tool for
researchers, educators, and policymakers to assess
environmental impacts effectively
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1.INTRODUCTION

In recent years, environmental sustainability has
become a critical area of focus for researchers and
policymakers, driven by the increasing awareness of climate
change and its far-reaching impacts. This study presents an
academia-driven framework for estimating the carbon footprint
of consumer products using image analysis techniques. By
leveraging advancements in machine learning and data science,
the proposed system seeks to simplify and enhance the process
of evaluating environmental impacts, making it accessible to a
broader audience, including researchers, educators, and
policymakers.

The framework integrates image recognition models to
analyze product attributes, coupled with a backend database
containing product-specific carbon emission metrics. Streamlit
serves as the primary interface, offering an intuitive platform for
users to upload product images, input relevant details, and
visualize the results. Python, HTML, and CSS are utilized to
build a cohesive system that bridges computational efficiency
with user-friendly design.

One of the primary motivations for this study is the
pressing need for accurate and scalable tools that align with
global sustainability goals. Traditional methods of calculating
carbon footprints are often resource-intensive and time-
consuming, limiting their applicability in real-time decision-
making processes. By employing image analysis and
automation, this study addresses these challenges, enabling
faster and more efficient assessments. This novel approach not
only reduces the computational burden but also provides a user-

friendly solution for integrating environmental considerations
into daily consumer and business activities.

Moreover, the integration of publicly available datasets
ensures that the framework remains transparent and adaptable to
various use cases. The modular nature of the proposed system
allows it to accommodate new datasets and adapt to
advancements in environmental metrics, ensuring its relevance
over time. By emphasizing the use of academic research to
develop practical tools, this study highlights the role of
technology in bridging the gap between theoretical frameworks
and real-world applications, fostering a culture of sustainability
in academia and beyond.

The following sections detail the methodology,
analytical framework, experimental results, and implications of
the study, showcasing the system's efficacy in providing
accurate carbon footprint estimations. This research aims to
contribute to the ongoing dialogue on sustainability by offering
a practical and scalable tool for environmental assessment.

LITERATURE SURVEY

Prats-Montalban, J.M., de Juan, A., Ferrer, A. [1]
reviewed the evolution of multivariate image analysis, focusing
on its increasing importance in enabling fast, non-invasive, and
cost-effective analysis of products and processes. The paper
discusses the shift from traditional image analysis techniques
to the integration of chemometric tools for processing
hyperspectral data. This transition has significantly enhanced
capabilities in areas like defect detection, image segmentation,
and the development of new methodologies such as
multivariate statistical process control.  Additionally,
advancements in image resolution techniques have allowed for
more precise and efficient analysis, improving overall
performance in various industrial applications.

Hino, M., Benami, E., Brooks, N. [2] demonstrated
the potential of machine learning in optimizing resource
allocation for environmental monitoring systems. Their
research focused on predicting the likelihood of failures in
water pollution inspections and proposed innovative data-
driven strategies for better resource distribution. These
methods aim to identify more pollution violations, thereby
improving the overall effectiveness of regulatory processes.
The proposed strategies consider real-world constraints,
making them practical and scalable for use in environmental
governance, ultimately contributing to the reduction of
environmental damage.

Adedeji, O., Wang, Z. [3] proposed an intelligent
waste classification system that leverages a 50-layer ResNet-50
Convolutional Neural Network combined with a Support
Vector Machine (SVM) to automate the sorting of waste
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materials. Tested on a comprehensive trash image dataset, the
system demonstrated an impressive 87% accuracy rate,
significantly enhancing waste management practices. This
automated system reduces the need for human involvement in
waste segregation, increasing efficiency and making waste
management more sustainable and scalable in urban
environments.

Jang, W.-S., Healy, W.M., Skibniewski, M.J. [4]
explored the use of wireless sensor networks (WSNSs) for
building environmental monitoring, presenting an innovative
system where sensors collect and transmit data for analysis.
Data is processed using a Java-based program and stored in a
centralized database for future access and review. The system
is equipped with a web-based interface, providing users with
the ability to remotely access and analyze the collected data.
This approach demonstrates the potential of wireless sensor
networks to enhance the efficiency and effectiveness of
building monitoring, improving energy management and
indoor environmental quality.

Stgren, S. [5] examined how companies can contribute
to ecologically sustainable societies by incorporating
ecological performance metrics into the design of products,
processes, and practices. He suggested the use of an extended
quality function deployment (QFD) process alongside modern
computer-aided engineering (CAE) tools to evaluate the
sustainability potential of new ideas. Stgren emphasized the
critical need for interdisciplinary collaboration between
industry and academia to foster innovative, ecologically
responsible solutions that align with sustainable development
goals. This approach underscores the role of business in
promoting environmental stewardship.

Pandey, D., Agrawal, M., Pandey, J.S. [6] reviewed
various methodologies for estimating carbon footprints, with a
particular focus on the application of lifecycle analysis (LCA).
The paper explores the different approaches used to quantify
the environmental impact of human activities, such as energy
consumption, resource depletion, and waste generation. The
authors highlight the importance of accurate carbon footprint
measurements for sustainability assessments and argue that
improvements in existing methodologies are essential for
informing effective policy decisions. Their work aims to
promote greater environmental awareness and drive informed
actions to mitigate climate change.

Ahlgren, S., Bjorklund, A., Ekman, A., Karlsson, H.,
Berlin, J., Borjesson, P., Strid, I. [7] provided a detailed review
of methodological choices in lifecycle analysis (LCA) for
biorefinery  systems, offering valuable insights and
recommendations for improving sustainability assessments in
the bioenergy sector. Their work emphasizes the critical
challenges faced when modeling biorefinery systems, such as
defining system boundaries, ensuring data quality, and
selecting appropriate methods for impact evaluation. This
comprehensive review aims to contribute to more accurate and
reliable sustainability assessments, ultimately supporting the
development of more sustainable biorefineries and biofuels.

Andersson, D. [8] proposed a novel method for
calculating individual carbon footprints using data derived
from financial transactions. By integrating spending habits into

carbon footprint assessments, this approach provides a
personalized view of an individual's environmental impact.
This innovative method not only raises awareness about carbon
emissions but also encourages individuals to adopt more
sustainable consumption patterns. With the help of digital tools
and real-time feedback, the approach helps users track their
environmental impact and make informed decisions about
reducing their carbon footprint in everyday life.

Birnik, A. [9] assessed the effectiveness of online
carbon calculators, focusing on their role in promoting carbon
awareness and encouraging sustainable behaviors. The paper
highlights the strengths and weaknesses of these calculators,
particularly in areas such as user engagement, accuracy, and
their potential to influence long-term behavior. Despite certain
limitations, Birnik argues that these online tools are invaluable
resources for educating the public about carbon footprints and
motivating individuals to adopt low-carbon lifestyles. The
study suggests that with further improvements, these tools
could play a key role in driving widespread changes toward
more sustainable living.

Biichs, M., Bahaj, A.S., Blunden, L., Bourikas, L.,
Falkingham, J., James, P., Kamanda, M., Wu, Y. [10]
conducted an evaluation of the long-term effects of
personalized feedback provided by carbon calculators in
fostering low-carbon behaviors. Their study demonstrated that
personalized interventions, such as tailored feedback on energy
usage and carbon emissions, have a significant influence on
individual decision-making, encouraging the adoption of
energy-efficient practices. The findings underscore the
importance of personalization in promoting sustained
behavioral change and suggest that carbon calculators can be a
key tool in encouraging individuals to engage more actively in
sustainable practices.

METHODOLOGY

The system architecture for the ECO SCAN platform
is designed with a clear distinction between the front-end user
interface, the backend processing system, and the database that
stores user information and rewards. The frontend is built using
HTML, CSS, and streamlit, providing users with an intuitive
and easy-to-navigate interface where they can upload images,
view carbon footprint analysis, and track their rewards. On the
backend, Python frameworks are used to manage image
processing, handle API requests, and perform data analysis.

The core of the ECO SCAN platform is its image
recognition model, which utilizes Convolutional Neural
Networks (CNNs) to identify the material composition of
clothing items uploaded by users. The model is trained on a
large dataset containing images of clothing items labeled with
material types such as cotton, polyester, wool, etc., along with
their corresponding carbon footprints. Once the user uploads an
image, the model analyzes it to classify the clothing material.
Based on the recognized material, the system calculates the
carbon footprint by referencing predefined data on the
environmental impact of different materials. This estimation is
then displayed to the user, offering insights into the
sustainability of their fashion choices.

Once the carbon footprint calculation is done, users
are provided with an option to participate in a short survey
about their sustainable fashion practices. This survey helps
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collect data on user habits, such as their preference for
secondhand clothing, recycling practices, and eco-friendly
fabric choices. The responses from the survey, combined with
the user's carbon footprint history, contribute to a reward
system where users earn Eco Reward Points for making
sustainable choices. These points can be redeemed for various
rewards, such as discounts on sustainable brands, free shipping,
or exclusive eco-deals. This reward system encourages users to
adopt more sustainable fashion habits while promoting
environmental awareness and making the process engaging and
rewarding.

IMPLEMENTATION

ECO SCAN is an advanced platform designed to track
the environmental impact of fashion choices by calculating the
carbon footprint of clothing items. Built using Python,
Streamlit, HTML, and CSS, ECO SCAN seamlessly integrates
various modules to provide users with an interactive and
informative experience that helps make sustainability more
accessible.

The system starts when users upload an image of their
clothing item, either via a file upload or directly from their
device's camera. The uploaded image is processed through an
image recognition model based on Convolutional Neural
Networks (CNNs), trained on a dataset of clothing materials and
their associated carbon footprints. Once the clothing material is
identified, the backend computes its carbon impact using
predefined data and provides the user with detailed statistics on
the environmental cost of their fashion

£ Welcome to ECO

Figure 1. Working of Eco scan Image Scanning

The platform also incorporates a reward system to
motivate sustainable behavior. As users engage with the system,
they earn Eco Reward Points for making eco-friendly choices,
such as buying sustainable fabrics, recycling clothes, or
choosing secondhand items. These points can then be redeemed
for discounts, free shipping, and exclusive offers from eco-
conscious brands. The interactive interface, supported by robust
backend algorithms, ensures that users can track their carbon
footprint while being rewarded for positive environmental
actions.

14 Welcome to ECO
SCAN

Figure 2: Web Interface of Eco scan

CONCLUSIONS

In conclusion, the Image Analysis Framework for Carbon
Footprint Estimation offers a sustainable and innovative
approach to assessing the environmental impact of clothing. By
leveraging advanced image recognition technologies, this
framework provides accurate estimations of the carbon
footprints associated with various clothing materials, which can
raise consumer awareness about the environmental costs of
their choices. The combination of image analysis, carbon
footprint data, and a reward-based engagement system
empowers users to make more eco-conscious decisions and
fosters long-term sustainable practices.

This approach has significant implications for the
fashion industry, encouraging a shift towards more responsible
consumption patterns. As consumers increasingly seek to
reduce their environmental impact, the integration of image
analysis tools into daily decision-making can inspire a more
informed and sustainable purchasing process. Furthermore, the
reward-based system can incentivize individuals to
continuously engage in eco-friendly behaviors, ensuring the
adoption of sustainable practices over time.

Ultimately, the framework has the potential to drive
meaningful change within the fashion industry by promoting
transparency in environmental impacts and helping brands,
retailers, and consumers make more sustainable choices. By
fostering a culture of sustainability and innovation, this
framework paves the way for a greener, more responsible
future, not just for fashion but for all industries concerned with
environmental stewardship. Through such technologies, we can
envision a future where sustainability is integrated into the very
fabric of our daily lives and choices, leading to a positive
environmental impact on a global scale.
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