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Abstract - Climate change poses a significant threat to
the environment due to increasing greenhouse gas emissions
generated by everyday human activities. Many individuals
are willing to contribute to sustainability but lack accessible
tools to measure and understand their environmental
impact. This paper presents EcoTrack, an innovative web
application designed to help users monitor and reduce their
carbon footprint by tracking daily activities such as travel,
food consumption, and household appliance usage. The
system includes a real-time carbon footprint calculator,
visual analytics using dynamic charts, and an integrated Al-
based chatbot that provides personalized sustainability
suggestions and environmental guidance. EcoTrack also
offers educational resources that promote awareness and
encourage long-term eco friendly behavior. The architecture
utilizes a web-based interface linked to a Java backend and
Firebase cloud database, ensuring accessibility, scalability,
and security. Preliminary testing indicates that EcoTrack
effectively increases user engagement and awareness,
enabling individuals to make more sustainable lifestyle
decisions.

1. INTRODUCTION

A Problem Statement

Rapid urbanization and increased vehicle usage have
significantly contributed to carbon emissions, leading to
poor air quality and environmental degradation.
Additionally, improper waste disposal and delays in
addressing waste-related complaints continue to worsen
sanitation conditions in many regions. Although awareness
about sustainability is increasing, most individuals lack real-
time guidance on reducing their carbon footprint and
managing waste effectively. There is a strong need for a
unified digital system that not only monitors environmental
impact but also provides suggestions, encourages eco-
friendly actions, and ensures accountability in waste
management This paper addresses the need for a user-
friendly solution that empowers individuals to track and
reduce their carbon footprints effectively...
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B.Motivation

The global challenge of reducing carbon emissions has
reached a critical juncture. While transportation is often
highlighted as a significant contributor to greenhouse gas
emissions, it is crucial to acknowledge that carbon emissions
stem from various sectors, including energy production,
industrial activities, agriculture, and waste management.
According to data from the U.S. Envi-ronmental Protection
Agency (EPA) [15], these diverse sources collectively
exacerbate the environmental impact, underscoring the need
for a comprehensive approach to carbon reduction strategies.

Moreover, there is a significant gap in awareness regarding
how individuals can effectively reduce their carbon footprint
daily. Many people are unaware of the broader implications
of their consumption patterns, waste management, and
energy usage, leading to unintentional contributions to the
carbon load. The disconnect between knowledge and action
is a critical barrier that needs to be addressed through
education and practical solutions.

The By focusing on the wide range of carbon emission
sources and highlighting practical, actionable steps that
individuals and organizations can take, we aim to bridge the
gap between awareness and action. Our objective is to
develop and promote strategies that not only reduce carbon
emissions across various sectors but also encourage a cultural
shift towards more sustainable prac-tices. This research is
crucial in driving the necessary change toward a low-carbon
future, where individual and collective actions align with
long-term environmental sustainability.

EcoTrack is not just a web application but a step toward
building a smarter and greener society. By integrating
technology with environmental responsibility, the system
ensures that every individual can actively contribute to
sustainability with ease.
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2. OBJECTIVE

The primary objective of our initiative is to develop and
implement effective strategies for reducing carbon
footprints across several fields, such as transportation,
appliance usage, and everyday human activities. We
search for and support practical solutions to help
individuals and companies reduce their carbon
footprints. Additionally, our paper aims to encourage
age people to adopt sustainable technologies and
behaviors by emphasizing the long-term advantages and
critical importance of such investments for the future of
our world. By raising awareness of the different sources
of carbon emissions and emphasizing the value of
sustainability, we hope to cultivate a more informed and
environmentally concerned community that is dedicated
to the complete reduction of carbon emis-sions.

EcoTrack also includes a dedicated complaint
registration and management feature that allows users to
report waste-related issues such as improper garbage
dumping or unclean public spaces. Once a complaint is
submitted, the system tracks its status and provides
regular updates until the problem is resolved. To
enhance user awareness and environmental knowledge,
the application offers an educational module containing
informative articles, videos, and visual resources that
teach users about recycling techniques, waste
segregation, and sustainable lifestyle practices.

Integration of Google Maps enables users to easily
locate nearby recycling centers and authorized waste
disposal facilities, helping them take responsible actions
and contribute actively to proper waste management.
Through these combined features, EcoTrack not only
solves environmental issues but also empowers users to
become more informed and engaged citizens.
environmental actions. By combining awareness,
support, and motivation, EcoTrack Further the system
aims to keep users enaged and motivated through
interactive features such  as chatbot that offers eco
friendly tips and solutions , and a gamification module
that rewards users for positive environmental actions. By
combining awareness ,support and motivation, Eco
Track encourages long terms behavioural change and
contributes to building cleaner and healthier living
environments.

The primary objective of EcoTrack is to
empower individuals and communities to
reduce their environmental impact through
smart digital tools. The system focuses on
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3. LITERATURE REVIEW

The scientific community is examining recycling and
scrap classification globally on various issues and has a
large number of publications reflecting issues in waste
management practices and the public, people’s attitudes,
technological development, and policy implications.
Min and other colleagues (2019) studied consumers'
intentions to separate theirwaste in China bringing an
Extended Theory of Planned Behaviour into practice to
pinpoint individual engagement in waste management
activities (Min et al. 2019). According to this case study
reported by Wang and Tan (Wang & Tan, 2022)
researchers in Wusheng County, Sichuan, China,
exploring farmers' views and attitudes towards domestic
waste classification using multi-channel propaganda and
community engagement as key determinants to change
waste management behaviours and

Pires & Chang (2011) reviewed the solid waste disposal
systems in Europe and emphasized the optimization of
waste disposal processes via systems analysis, which
provides efficiency (Pires & Chang, 2011). Jin et al.,
(2019) adopted a science mapping approach to assess
the trends in construction and demolition waste
management by scrutinizing the widespread conclusions
and the scope of the research applied in the field (Jin et
al., 2019). The study by Hannan et al., 2015)
demonstrated the state of solid waste monitoring and
management  systems  regarding  environmental
monitoring as well as information and communications
technology, which have their challenges and
opportunities associated with them .

Tang et al. (2022) looked at motivation factors of urban
areas’ household waste sorting behaviour and also
proposed the role of reward and punishment
mechanisms in enhancing the practice of classification
of wastes (Tang et al. 2022). Lu & Yuan (2010) made an
in-depth study about success factors for waste
management in the Chinese construction and demolition
field, to show that the problem is becoming more critical
due to the growing amount of construction waste (Lu &
Yuan, 2010; Gala et al, 2020) carried out a
comprehensive survey on post-consumer plastic film
waste in Spain in the aim of targeting the optimal way of
waste management specific to the waste sources.

Researchers have explored various aspects of waste
management to improve environmental practices across
different regions. Tang et al. (2022) investigated
motivational factors influencing household waste sorting
behavior in urban areas and highlighted that reward and
punishment mechanisms
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learning methods are used to escalate the waste sorting
processes (Chu et al, 2018). Moreover, the
improvement of waste classification methodologies,
including deep learning-based methods presented by
Altikat et. al. (2021), showed that Al could be used to
optimize waste management practices .

(Cerchecci et al., 2018) introduce a multi-sensor node
architecture for waste management in the context of a
Smart City with special attention to the role of IoT in
reducing waste (Cerchecci et al., 2018). In addition,
Pardini et al. (2019) worked on a survey on loT-based
solid waste management solutions, emphasizing the role
of urbanization and cloud computing in facing the
problem of waste in urban areas. In Aarif et al., 2022, a
smart waste segregation system by deep learning and
IoT technologies to distinguish waste items as
biodegradable or non- biodegradable was presented,
which demonstrated such technologies' applicability in
waste management (Aarif et al., 2022).

Adding on that, automated waste separation using image
processing and machine learning, as done by 's (2018)
study, portrays the necessity of automation in waste
management processes for proper waste segregation and
disposal (Dev, 2018). In parallel, Mapari et al. discuss a
waste separation and monitoring system that stresses the
waste hierarchy as a critical component of waste
management design. (Mapari et al., 2020; ). Chitale
(2023) developed a smart waste segregation system with
the support of the Internet of Things emphasizing the
significance of using effective segregation mechanisms
to deal with waste management issues (Chitale, 2023).

Accumulation of knowledge in the field of research
foreshadows smart waste systems that emit [oT devices
(Sairam et al., 2021) strengthening the need not only for
environmentally friendly habits but also for the
reduction of waste pollution using the technology.
Lundin et al, in 2017, conducted research to
operationalize sensor-based solutions that help monitor
service and collection of waste in public trash bins. The
study gave a real-life example of how sensors are used
to improve waste management operations (Lundin et al.,
2017). An IoT-based lead route system for the
recommendation was proposed by Ghahramani et al,
2022. In that realm, smart waste management consists of
the role of IoT in devising efficient waste collection
routes given that storage is confined (Ghahramani et al.,
2022)

Concerning waste classifying and controlling the field,
the recent research work found us with some viable
ways of controlling waste. Residents’” mechanisms of
decision-making have been studied by Meng et al.
(2019) which depict how residents
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4. RELATED WORK

Many carbon footprint tracking tools today include features like
emission calculators, progress trackers, etc. However, they often
fall short in several important ways. The Pawprint app [10] is a
sustainability-focused platform designed to help users track, and
reduce their carbon footprint. It was launched by Christian Arno
in 2020. The Earth Hero: Climate Change [11] app is a mobile
platform designed to reduce emissions and encourage
community engagement through collective climate action. The
Earth Hero app was launched in 2019. These apps typically don’t
offer personalized recommendations. While they may provide
general advice on reducing emissions, they usually don’t give
personalized suggestions based on individ- ual behaviors or
preferences. This makes it challenging for users to make the
right choices that would reduce their carbon footprints.
Additionally, many of these tools don’t promote or raise
awareness about sustainability. Apps like Pawprint [10] and
Earth Hero [11] might offer data and metrics but often lack
integrating features that encourage users to adopt sustainable
practices and eco-friendly options. Without such elements, users
might not fully understand the impact of their actions or be
inspired to choose more sustainable alternatives. EcoTrack
overcomes these shortcomings by combining everything on one
platform. Its diagnostic branch provides personalized insights
based on each user’s input. An Al-powered chatbot will increase
this, providing timely recommendations and answering specific
questions about sustainable practices. What makes EcoTrack
different is the payment system. It not only tracks progress but
encourages environmental behavior by offering rewards such as
sustainable product donations. By combining these features,
EcoTrack helps users understand and reduce their carbon
footprint and promotes a sustainable and healthy lifestyle.

5. METHODOLOGY

The Eco Track system uses a modular and technology-driven
approach to promote environmental sustainability through active
user participation. The methodology begins with user
registration and profile creation, where basic information related
to the user and their environmental activities is securely stored in
the database. Once logged in, the user can access multiple eco-
related features designed to reduce carbon emissions and
improve waste handling practices.

To estimate vehicle-based pollution, the system provides a
carbon footprint calculator where users input details such as
vehicle type, distance traveled, and fuel usage. The system then
generates the estimated carbon emission using standard
calculation formulas and returns results in an easily
understandable format. This enables users to track their
environmental impact and adopt greener transportation options
to reduce emissions over time.

For waste management, EcoTrack includes a complaint
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registration module that allows users to report unclean areas,
littering issues, or overflowing garbage bins. The complaint is
geo-tagged using GPS and forwarded to concerned authorities
for action. Users can track the status of their complaint in real
time until the issue is resolved. Additionally, a waste advisory
service provides tips for proper waste segregation and disposal
based on user input, helping people manage household waste
more responsibly.

To further support behavior change, EcoTrack integrates an Al-
based chatbot that offers instant guidance, environmentally
friendly suggestions, and answers common questions related to
pollution control and recycling practices. The system also
implements a gamification mechanism where users earn points
or rewards for completing eco-friendly tasks, such as reducing
carbon emissions or filing valid waste reports. Google Maps
integration assists in locating nearby recycling centers and
waste disposal facilities, encouraging correct waste handling.
Using these combined methodologies, EcoTrack delivers a
comprehensive and engaging platform that encourages
sustainable living and contributes to environmental protection

To ensure seamless data processing and secure storage, Eco
Track follows a cloud-based architecture using a real-time
database. All wuser interactions, such as complaint
submission, carbon emission data, and chatbot queries, are
stored and retrieved through backend services for fast
performance and reliability. The system also uses role-based
access control, where authorities can log in to view, update,
and resolve complaints submitted by the users. This ensures
transparency, accountability, and faster response from
municipal organizations for cleanliness and waste-related
concerns.

The system methodology of EcoTrack is primarily designed
around three essential aspects of environmental improvement
— awareness, action, and motivation. By educating users
about the impact of carbon emissions and improper waste
disposal, the system builds awareness and encourages them
to take responsibility for their surroundings..

Overall, the system methodology focuses on awareness,
action, and motivation — the three key aspects needed to
improve environmental responsibility within communities.
By combining loT-inspired features, machine learning-based
guidance, mobile application convenience, and social
responsibility tools, EcoTrack creates a complete digital
ecosystem for environmental protection. This systematic
approach ensures that users are not only informed but also
actively involved in reducing carbon emissions and
maintaining cleaner surroundings.
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6. SYSTEM ARCHITECTURE

As the time post-deployment passes continue to track the
application's performance and collect user feedback. Use this
knowledge to prioritize and set in motion bug correction,
addition of new features, and modifications.

Eco Track’s Carbon Footprint Calculator is an essential tool
for users to understand the environmental impact of their
everyday actions. It provides a comprehensive view of carbon
emissions by examining various aspects of their lifestyle, such
as travel, diet, and household appliance use. This tool offers
clear insights into their carbon footprint, making it easier to
make informed choices that contribute to sustainability. °
Transportation Choices: The carbon calculator estimates
emissions from different modes of transportation by
considering factors such as vehicle type (e.g., electric, hybrid,
gasoline, diesel), distance traveled, and the frequency of trips.
The emissions for each journey are calculated using the
following formula [12]: CO2 Emissions = Distance X
Emission Factor (kg) (km) (kg CO2 per km) The emission
factor varies based on the mode of trans- port. Below are the
emission factors used:

- Gasoline Car: 0.23 kg CO2/km
- Electric Car: 0.05 kg CO2/km
- Diesel Car: 0.29 kg CO2/km

- Hybrid Car: 0.15 kg CO2/km

- Bike: 0.05 kg CO2/km

- Bicycle: 0.02 kg CO2/km

- Walking: 0.0 kg CO2/km

- Bus: 0.08 kg CO2/km

To enhance accuracy, the calculator also considers real-time
factors like traffic conditions and vehicle fuel efficiency. This
allows users to compare the environmental impact of different
travel options, such as driving a gasoline-powered car versus
using public transport or cycling. By better understanding the
carbon footprint of their transportation choices, users are
motivated to adopt more environmentally friendly travel habits,
helping to support a more sustainable future.

 Dietary Habits: This feature evaluates the carbon foot-print
of users’ diets by analyzing the types of foods consumed,
including meat, dairy, and plant-based prod-ucts. It considers
the environmental impact of various food production methods
and calculates the associated carbon emissions weekly. The
carbon emissions can be determined using the following
formula [13]:

CO2 Emissions = Quantity x Emission Factor (kg) (km) (kg CO2
per km)

- Meat (e.g., beef, lamb): 27 kg CO2 per kg
- Dairy: 6 kg CO2 per kg

- Poultry: 6 kg CO2 per kg

- Plant-Based Foods: 0.5 kg CO2 per kg

DOI: 10.55041/IJSREM65310 |  Page4
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By emphasizing the effects of dietary selections on total
carbon emissions, this feature encourages users to adopt
more sustainable food practices and modify their eat- ing
habits, ultimately promoting a more environmentally friendly
lifestyle. * Household Appliances:The calculator also
assesses the energy usage of various household appliances,
such as refrigerators, washing machines, and air conditioners.
It factors in the energy efficiency of each appliance, how
long it is used, and the source of electricity (renewable or
non-renewable). Many users are unaware of how appli- ance
usage impacts their carbon footprint.

By providing detailed information on the emissions from
everyday household activities, this feature helps users
understand their energy use better and encourages them to
adopt more energy-efficient practices. The carbon emission
for various household appliances can be calculated using the
following formula [15][16]: CO2 Emissions = Power x
Usage Time x Emission Factor (kg CO2) (kW) (h) (kg
CO2/kWh) The Power usage varies based on the appliance
used. Below is a list of the power usage range for some
appliances. It may further differ based on the model:

e Refrigerator: 0.2 - 0.8 kW

» Washing Machine: 0.5 - 2.5 kW

e Dishwasher: 2.0 - 5.0 kW

e Air Conditioner: 1.0 - 2.5 kW

* Microwave Oven: 1.0 - 1.5 kW

¢ Television (LCD/LED): 0.05 - 0.15 kW
e Laptop: 0.05-0.1 kW

The Carbon Footprint Calculator combines these various data
points into a cohesive analysis, offering real-time feedback
that guides users in making impactful decisions to reduce
their carbon footprint. This empowers individuals to take
charge of their environmental impact, positioning Eco Track
as a crucial resource in the battle against climate change.

Exven g Fromchart

.....

7. System Requirement

A. Hardware Requirements

Processor: Minimum Dual-Core /
Recommended Quad-Core

RAM: Minimum 2 GB / Recommended 4 GB or above
Storage: At least 200 MB free space for installation
and data storage

Device: Android Smartphone/Desktop/Laptop with
standard display

Internet Connectivity: Required for database access,
chatbot communication, and complaint tracking

B. Software Requirements

Operating System: Windows / Linux / Android
Programming Language: Java

Frontend Framework: JavaFX  for  user
interface design

Backend & Database: Firebase (for real-time data
management and authentication)

Al Integration: NLP-based chatbot to provide
suggestions

Development Tools: Android Studio / IntelliJ IDEA

/ Eclipse (based on deployment platform)
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- 8. TECHNOLOGIES USED

The EcoTrack system will be developed using Java as the
primary programming language due to its strong
performance, platform independence, and wider industry
usage. The user interface of the application will be built
using JavaFX, which provides modern Ul components,
responsiveness, and a smooth user experience. For backend
data storage and authentication, Firebase will be utilized,
allowing real-time database operations, secure login, and
easy scalability for handling multiple users and complaints.

Data storage, management, and retrieval within the
application will be done by ** Firebase Storage and Firebase
Database which will make the data interaction as smooth as
possible for the users and the effective operation of different
manipulations with the data (Dahunsi et al., 2021, para. 5).

Through Google Maps API, the website users will be able to
locate appropriate recycling centres and waste disposal
facilities (Miller, 2006).

Such technologies will help the waste management mobile
app to fill in the available gap of simple methods for
categorizing waste, raising complaints, providing resourceful
information, and location-based services as a way to ensure
that unfamiliar waste management practices and
environmental sustainability are promoted.

To support environmental guidance features, the system will
incorporate an Al-based Chatbot that delivers eco-friendly
recommendations and answers frequently asked queries. The
Google Maps API will assist in locating nearby recycling
centers and in geo-tagging complaint locations for accurate
waste reporting. Additionally, mathematical models and APIs
will be used to calculate the carbon footprint based on vehicle
type, distance traveled, and fuel consumption. This
combination of technologies ensures that EcoTrack will be
efficient, reliable, and capable of supporting environmental
sustainability initiatives effectively.

Furthermore, the integration of these technologies enhances
user engagement by providing accurate, real-time insights
that support informed decision-making. As the platform
evolves, advanced features such as personalized
recommendations, data analytics dashboards, and predictive
insights can be introduced to help users visualize their long-
term environmental impact. With strong scalability and the
ability to adapt to emerging eco-technologies, EcoTrack
ensures continuous performance improvement while
promoting a culture of environmental responsibility.

© 2026, IJSREM | https://ijsrem.com

DOI: 10.55041/IJSREM65310 |

9. FUTURE SCOPE

EcoTrack has strong potential for expansion with advanced
technologies that can enhance its effectiveness and user
engagement. In the future, additional Al capabilities can be
integrated to provide more accurate and highly personalized
environmental recommendations. Machine learning models can
also analyze long-term user behavior to predict carbon patterns
and suggest smarter lifestyle alternatives.

Another major future enhancement includes the introduction of
regional customization, where emission factors, waste disposal
rules, and environmental policies are updated automatically
based on the user’s location. Multilingual support can also be
added to reach a wider audience, especially in rural and non-
English-speaking communities.

The waste management module can be extended to support real-
time IoT-based smart bins, automated complaint assignment to
municipal authorities, and live tracking of garbage collection
vehicles. EcoTrack can also establish collaboration with
government organizations, NGOs, and sustainable businesses to
provide exclusive rewards, product discounts, and volunteering
opportunities that motivate users to adopt greener habits.

In future, a carbon tracking device or integration with smart
wearables and EV dashboards can help automatically log travel
emissions without manual input. By partnering with
environmental agencies, EcoTrack could assist in generating
official sustainability reports for communities and smart cities.
With these advancements, EcoTrack can evolve into a powerful
smart-environment assistant that significantly contributes to
global climate action and promotes a greener future.

In future, a carbon tracking device or integration with smart
wearables and EV dashboards can help automatically log travel
emissions without manual input. By partnering with
environmental agencies, EcoTrack could assist in generating
official sustainability reports for communities and smart cities.
With these advancements, EcoTrack can evolve into a powerful
smart-environment assistant that significantly contributes to
global climate action and promotes a greener future.

In the future, EcoTrack can be enhanced with carbon tracking
devices or integration with smart wearables and electric vehicle
dashboards to automatically record travel emissions without
requiring manual input. By collaborating with environmental
organizations and government agencies, the system could further
support the generation of official sustainability reports for
communities and smart cities. these advancements would
transform.
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10. SYSTEM FLOW:

The first thing they see upon entering the application is a
choice either to log in or register. When having a successful
authentication, users will be directed straight to the Home
Screen. In this case, if the user is not logged in, the login or
registration screen is presented. The Home Screen presents
various icons representing distinct functionalities: Home,
Education, Direction, Sense of Place, and Summary. Under
these functionalities, users can access specific features: the
home part can be used for registration of complaints in their
preferred category, in the Learning part there are educational
videos or articles to be accessed, in the map section they can
mark the service centre locations on a map, under Status one
can observe the progress of the problem resolution, and there
is a Profile section to edit the user profile. This makes it easy
for users to have seamless navigation and access to all those
features, which makes the app much more friendly to use
and efficient.

ﬂ
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Figure 11 System Flow

platform-cross compatibility that will boost the availability
of the application (Kasteren et al., 2020). The integration of
the location services allows users to identify the nearest waste
places thereby filtering their choice of information site using
GPS or location coordinates. (Jacobs et al., 2020). The
Firebase Storage and Database for making the data easily
storable in the application and to ensure the smooth
interaction with data in the application are used (Bono et al.,
2004). The provision of Google Maps integration ensures
location-based services provision where people can easily
find recycling centres near and waste disposal facilities for
well-developed sustainable waste management practices
(Sundram et al., 2022). The research paper shows that a
specialized solution, which includes the next generation of
technologies aimed at the waste management problem, can
be created and, consequently, can allow an environmentally
friendly approach to waste management and moral disposal
practices.

11. CONCLUSION:

Eventually, EcoTrack exemplifies the transformative
potential of mobile applications in combating climate change
by offering a com- prehensive and user-friendly platform for
reducing individual carbon footprints. The app not only
empowers users to make informed, sustainable choices but
also incorporates gamifica- tion and rewards systems,
incentivizing eco-friendly behavior. By allowing users to
redeem rewards for purchasing eco-friendly products,
EcoTrack not only encourages sustainable practices but also
promotes the integration of sustainability into everyday life,
underscoring the broader impact of mobile technology in
fostering global environmental responsibility.

Moreover, EcoTrackgoes beyond traditional
environmental applications by combining awareness, action,
and motivation into a single integrated ecosystem. The
system’s ability to provide real-time guidance, track
sustainability progress, and support community-driven waste
management makes it a valuable tool for both individuals and
society. By promoting responsible behavior through education
and rewards, EcoTrack encourages users to develop habits that
positively impact the environment. As environmental
challenges continue to grow, platforms like EcoTrack play a
crucial role in supporting a greener future and inspiring a
collective shift toward sustainable living.
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