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Abstract: Eco Drive is a mobile application developed to ad- dress the pressing issue of vehicular emissions,
one of the largest contributors to urban air pollution. By combining automated carbon footprint tracking with
gamification and community engagement, Eco Drive encourages users to adopt eco-friendly travel habits. The
application analyzes commute data using smartphone sensors to estimate carbon emissions and awards points
for improvements in travel choices. In this paper, we present the design, implementation, and evaluation of
the Eco Drive application, demonstrating its efficacy in reducing carbon footprints and fostering sustainable
travel practices.

Index Terms - Carbon Footprint, Eco-Friendly Travel, Gamification, Smartphone Sensors, Mobile
Application Development, Community Engagement, Sustainable Development Goals (SDG)

I. INTRODUCTION
1.1 Background and Motivation

Air pollution has become one of the most critical environmental issues worldwide, with urban areas being
disproportionately affected. According to a report by the World Health Organization (WHQO), over 90% of the
global population breathes air containing harmful levels of pollutants, and vehicular emissions contribute
significantly to this problem. In India, transportation accounts for approximately 14% of total carbon dioxide
emissions, with private vehicles being the largest contributors. Urban centers, where population density and
vehicular ownership are high, face severe air quality degradation due to traffic congestion and emissions.

The increasing awareness of climate change and its detrimental effects has led to calls for innovative solutions
to mitigate carbon footprints. Individual action, such as opting for public transportation or carpooling, can
make a significant difference. However, motivating individuals to adopt eco- friendly practices remains a
challenge. Research suggests that real-time feedback and incentives, such as gamification, can play a pivotal
role in promoting behavioral changes.

Eco Drive seeks to address this challenge by combining automated carbon footprint tracking with gamification
and community engagement. Unlike traditional awareness campaigns, the application empowers users to take
actionable steps to reduce emissions, turning sustainable travel into a rewarding and competitive activity.
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1.2 Significance and Objectives

The Eco Drive application aims to:

= Raise Awareness: Provide users with real-time data on the environmental impact of their daily
commute.

= Encourage Eco-Friendly Behavior: Motivate users to shift to sustainable travel modes such as public
transport, cycling, or walking. Leverage Community Dynamics: Foster a sense of community by
encouraging users to collaborate and compete in reducing emissions.

= Promote Gamified Engagement: Use gamification elements such as leaderboards, badges, and virtual
rewards to sustain user interest and commitment. The app aligns with global climate action goals,
particularly the United Nations Sustainable Development Goal 13 (Climate Action), by enabling
individuals and communities to contribute to reducing greenhouse gas emissions.

1.3 Scope of the Study

This paper focuses on the technical design, implementation, and evaluation of the Eco Drive application.
The study also explores the app’s potential to influence behavior and achieve measurable reductions in carbon
footprints through pilot testing.

Il. LITERATURE REVIEW
2.1 Carbon Footprint Tracking

The concept of tracking carbon emissions at the individual level has been widely explored in recent years.
Early carbon footprint calculators, such as the ones developed by the Carbon Trust, provided users with tools
to estimate their emissions manually, but they required significant user input, which limited adoption [3]. These
tools were primarily educational and lacked automation, making them less effective for influencing real-time
behavior.

More advanced solutions have emerged that leverage smart- phone technologies to simplify and automate
emission tracking. For example, the Commute Greener app uses GPS data to calculate the emissions associated
with travel routes and provides users with suggestions to reduce their environmental impact [4]. However,
while such tools are effective in offering personalized insights, they lack mechanisms for fostering user
engagement through social or competitive dynamics. Eco Drive addresses this gap by integrating real-time
tracking with gamification and community engagement.

Recent advancements in activity recognition technologies, such as Rapid API, allow applications to classify
user activities (e.g., walking, cycling, or driving) based on accelerometer and location data. This approach
eliminates the need for manual input and ensures higher accuracy in estimating carbon footprints. Studies
highlight the importance of combining multiple sensors to achieve reliable activity classification, as done in
Eco Drive [6].

2.2 Gamification for Behavioral Change

Gamification, the use of game-like elements in non-gaming contexts, has proven to be a powerful motivator

in encouraging user engagement and behavioral change. According to Hamari et al., gamification increases
user motivation by incorporating competition, rewards, and progress tracking into applications [2]. Popular
applications such as Duolingo (language learning) and Fitbit (fitness tracking) demonstrate the effectiveness
of leaderboards, badges, and challenges in sustaining user interest and driving behavior change.
In the environmental domain, applications like JouleBug have successfully applied gamification to promote
eco-friendly habits such as energy conservation and recycling [8]. JouleBug encourages users to earn badges
and compete with friends, creating a social ecosystem around sustainability. However, these applications focus
on general habits rather than transportation- specific emissions. Eco Drive expands on these concepts by
specifically targeting travel-related carbon footprints, awarding points for eco-friendly travel decisions, and
fostering competition within user communities.

IJCRT2501301 \ International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org \ c610


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 1 January 2025 | ISSN: 2320-2882

Application Domain Engagement Improvement (%) Behaviour Change (%)
Language Learning (e.g., 40% 25%
Duolingo)
Fitness Tracking (e.g., FitBit) 60% 35%
Sustainability (e.g., JouleBug) 50% 30%

Table 1: Percentage Improvement in user engagement and behavior modification with gamification elements
2.3 Community Engagement in Sustainability

Community-based interventions amplify the impact of in- dividual actions by leveraging social dynamics.

Research on the European Union’s CIVITAS initiative highlights the effectiveness of engaging communities
to promote sustainable transportation practices, such as carpooling and increased use of public transit [7].
Similar programs, such as the UK’s TravelSmart, have demonstrated how community challenges can
significantly reduce private vehicle use by encouraging participants to share their progress and achievements
with others [4].
Social comparison theory also plays a role in driving behavioral change, as individuals are motivated to adopt
better habits when they observe peers achieving success. Eco Drive leverages this principle by providing users
with leaderboards and community-specific challenges, making sustainability a collaborative effort rather than
an individual one.

2.4 Sensor Technology in Mobile Applications

The integration of smartphone sensors into mobile applications has revolutionized data collection and
processing. GPS sensors provide accurate location data, while accelerometers and gyroscopes are used to detect
motion and orientation. Combined, these sensors enable applications to infer travel modes and distances
automatically. Jakubowski et al. emphasize the importance of fusing data from multiple sensors to improve
detection accuracy, especially in dynamic environments [6]. Applications such as Google Maps and Strava
have successfully integrated these technologies for navigation and fitness tracking, respectively. Eco Drive
adopts a similar approach, combining GPS and accelerometer data with machine learning algorithms to infer
commute modes and calculate carbon emissions.

2.5 Addressing Challenges

While many existing solutions provide valuable insights into personal emissions, they often fail to sustain
long-term user engagement or adequately address privacy concerns. For ex- ample, studies by Froehlich et al.
on eco-feedback technology highlight the need for real-time data visualization to encourage behavior change,
but they also underscore the importance of balancing user data collection with privacy considerations [5]. Eco
Drive addresses these issues by using anonymized data storage and providing clear communication about its
privacy policies.

I11. SYSTEM DESIGN AND ARCHITECTURE
3.1 Overview

= Eco Drive’s architecture integrates three primary components:

= Frontend Mobile Application: A user-friendly interface for data visualization, leaderboard access,
and community management.

= Backend Server: A cloud-based system for storing user data, computing carbon emissions, and
managing rewards.

= Sensor and API Integration: Utilizes smartphone hardware (GPS) and Rapid APIs to collect
commute data.
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3.2 Key Features

Carbon Footprint Estimation: Calculates emissions based on mode of travel, distance, and duration,
adhering to established emission factor guidelines.

=  Community Engagement: Users can form groups, invite friends, and compare scores to promote
accountability.

= Gamification: Points, badges, and leaderboards are used to incentivize eco-friendly travel decisions.
= Ease of Use: The app minimizes manual input, automatically detecting travel modes and distances.

3.3 Technical Implementation

= Platform: Developed using Visual Code, the app employs React and Nods js for the frontend, for
backend we use rapidapi and mysgl for storage.

= Data Processing: The carbon footprint is computed using a lookup table of emission factors derived
from verified sources. Security: Data privacy is ensured through encryption and anonymization of

Commute Tracker

Select Travel Mode:

Choose a mode

Daily Eco Tip c

Turn food scraps into natural fertilizer to reduce landfill waste.

user data.

Fig. 1. Commute Tracker

IVV. PROPOSED METHODOLOGY
4.1 Requirement Analysis

The initial phase involved defining the application’s objectives based on user needs and environmental
goals. Key features identified during this stage included: Automated Carbon Footprint Calculation: Accurately
track users’ travel modes and distances without requiring manual input. Gamification: Incorporate game-like
features such as points, badges, and leaderboards to motivate sustained user engagement. Community-Centric
Features: Allow users to form virtual communities to share progress, collaborate, and compete. Ease of Use:
Ensure minimal effort from users by automating data collection through smartphone sensors. Privacy and Data
Security: Address concerns about data sharing and storage by adopting anonymization techniques and clear
communication about data use policies. User interviews and literature reviews guided these requirements,
aligning them with global best practices in eco-feedback and gamification technologies.
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4.2 System Architecture

The application architecture was designed as a modular system consisting of the following components:

Data
Acquisition

Data processing

Gamification
and community
engagement

User interface

Fig 2: System Architecture

4.2.1 Data Acquisition:

The application utilizes smartphone sensors to collect raw data, including:
GPS: For recording user locations, travel distances, and routes.

Welcome to Carbon Footprint Tracker

© 2 @

Create Account Travel Mode Community

How do you usually commute?

Select your primary mode of transportation

o
=] do
Car Bicycle
Regular car commute Eco-friendly cycling
@ *
Public Transport Walking
Bus or train travel Walking or running

Fig. 3. Data Acquisition

4.2.2 Data Processing:
The collected sensor data is preprocessed and analyzed in real time:
= Noise Filtering: Outlier detection techniques, such as low- pass filters, are used to remove GPS

errors and inconsistencies in accelerometer readings.
= Activity Classification: The system applies a multi-level classification algorithm, combining

Android’s API results with additional heuristics (e.g., speed thresholds to differentiate cycling from
driving).
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= Emission Calculation: Based on established emission factors (e.g., grams of CO per kilometer for

various transport modes), the system calculates the user’s carbon footprint.

4.2.3 Gamification and Community Engagement:

A gamified system incentivizes eco-friendly behavior through:

Points System: Users earn points for eco-friendly travel modes, such as cycling or walking, with higher
points for greener choices.

Badges and Achievements: Milestones, such as completing 100 kilometers using public transport,
unlock virtual badges. Leaderboards: Weekly rankings foster healthy competition among users and
communities.

Challenges: Periodic group challenges encourage collaborative efforts, such as achieving a collective
emission reduction target.

4.2.4 User Interface:

The user interface (Ul) was designed to be intuitive and engaging:

Dashboard: Displays real-time carbon footprint data, progress toward goals, and community
performance.

Gamification Widgets: Visual elements, such as leaderboards and badges, are prominently featured to
reinforce engagement. Community Feed: Users can share achievements and tips with peers, promoting
knowledge exchange.

4.3 Implementation

The Eco Drive application was developed using a combination of modern mobile development frameworks:

Frontend: Built using Flutter, enabling cross-platform compatibility for Android and iOS devices.
Backend: Powered by Python-based APIs hosted on a cloud platform to handle data processing, storage,
and retrieval efficiently.

Database: Firebase was used for storing anonymized user data securely, including travel records, carbon
emissions, and gamification progress.

4.4 Evaluation Metrics

The effectiveness of the application was evaluated based on the following metrics:

Accuracy of Activity Recognition: Measured by comparing system predictions with ground-truth labels
obtained during pilot testing.

User Engagement: Analyzed using metrics such as daily active users, number of challenges completed,
and leaderboard participation rates.

Emission Reduction Impact: Estimated by comparing pre- and post-adoption travel habits of users over
a three-month pilot period.

User Satisfaction: Collected through surveys assessing ease of use, gamification effectiveness, and
overall app satisfaction.
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Fig 4: Evaluation of Carbon Footprint Score
4.5 Pilot Testing

A pilot study was conducted with 50 participants in an urban area over three months. Participants were
instructed to use Eco Drive during their daily commutes. The results were analyzed to assess the system’s
robustness, usability, and impact on travel behavior. Key insights gained during the pilot informed subsequent
refinements to the application.

IV. RESULTS AND DISCUSSION

4.1 Results

The Eco Drive application was evaluated through a pilot study involving 50 participants in an urban setting.
The following results were observed:

1) Activity Recognition Accuracy: The application demonstrated an accuracy of 92% in detecting travel
modes, as verified against manually labeled datasets. Misclassification primarily occurred between cycling
and driving at low speeds, which was attributed to sensor noise and similar motion patterns.

2) Gamification Engagement: The gamification system proved highly effective in maintaining user
engagement:

Daily Active Users (DAU): 86% of participants actively used the application for more than 20 days during
the 30-day observation period.

Challenges Completed: Participants completed a total of 18 community challenges, with an average of 3
challenges per user.

Leaderboards: 90% of users reported checking the leaderboard weekly, highlighting the competitive appeal
of the feature.

3) Emission Reduction: Participants collectively reduced their carbon footprint by 15% compared to their
baseline emissions prior to using Eco Drive. Key factors contributing to this reduction included:

Increased use of public transport and cycling, as incentivized by the points system. Reduced reliance on
private vehicles for short-distance commutes.

4) User Satisfaction: Survey results indicated that 94% of participants found the application easy to use,
while 88% reported feeling more motivated to adopt sustainable travel behaviors. Some users suggested
additional features, such as personalized tips for emission reduction and multi-language support, which will
be considered in future versions.
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4.1 Discussion

The results demonstrate that Eco Drive effectively encourages sustainable travel behaviors through a
combination of automated tracking, gamification, and community engagement. Key findings are discussed
below:

@ Carbon Tracker

Carbon Score

Daily Average: 97.1668 kg CO2
Monthly Average: 97.1668 kg CO2
Total Carbon Emission : 97.1668 kg CO2

Community Rankings

Fig. 5. Carbon Score

1) Effectiveness of Gamification: The integration of points, badges, and leaderboards significantly
enhanced user engage- ment. The competitive dynamics created by leaderboards encouraged users to
outperform their peers, while badges served as intrinsic motivators for long-term behavior change. These
results align with previous studies on gamification’s role in influencing user behavior [2].

2) Impact on Travel Behavior: The 15% reduction in emissions indicates that users were motivated to
adopt more eco-friendly travel habits. This reduction is consistent with findings from similar applications,
such as JouleBug and Commute Greener, but Eco Drive’s focus on gamification appears to offer a stronger
incentive for sustained engagement [8].

3) Challenges and Limitations: While the application per- formed well overall, several limitations were
identified: Misclassification in Activity Recognition: Low-speed cycling was sometimes misclassified as
driving, which could lead to inaccurate carbon footprint calculations. Future iterations will explore hybrid
models combining accelerometer and gyro- scope data to improve accuracy.

Scalability: The pilot study was conducted with 50 participants. A larger-scale deployment is needed to
evaluate the system’s performance under high user loads.

Privacy Concerns: Although anonymized data was used, some participants expressed hesitation about sharing
location infor- mation. Introducing on-device processing for sensitive data could address this issue.

4) Broader Implications: Eco Drive’s success suggests that similar approaches can be adopted in other
domains, such as energy conservation or water usage tracking. By combining automation, gamification, and
community engagement, these solutions can drive meaningful changes in user behavior.

V. CONCLUSION

The Eco Drive application demonstrates the potential of smartphone-based technologies to promote
sustainable travel habits and reduce carbon footprints. By leveraging activity recognition, automated carbon
footprint calculation, and gamification, the application provides an engaging platform that motivates users to
adopt eco-friendly behaviors.

5.1. Key Contributions

This study presents several key contributions:

A novel approach to travel behavior tracking, combining real-time sensor data with machine learning
algorithms to accurately estimate carbon emissions. A comprehensive gamification framework that
incentivizes sustainable habits through points, badges, leaderboards, and community challenges. A user-centric
design that integrates ease of use, privacy considerations, and social collaboration into a single platform.

5.2. Practical Implications
The pilot study results highlight Eco Drive’s effectiveness in reducing emissions by encouraging behavioral
changes. The findings suggest that similar applications could be scaled to larger urban populations to address

IJCRT2501301 \ International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org \ c616


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 1 January 2025 | ISSN: 2320-2882

the broader issue of transportation emissions. Policymakers and urban planners can also integrate such tools
into public awareness campaigns to amplify their impact.

5.3. Limitations and Future Work

While the study achieved its objectives, several limitations were identified: The activity recognition model
requires further optimization to reduce misclassification errors, particularly for cycling and driving. A larger-
scale evaluation is necessary to validate the application’s scalability and robustness in diverse geographical
and demographic contexts. Additional features, such as personalized recommendations, multi-language sup-
port, and integration with public transport schedules, will enhance usability and functionality. Future work will
address these limitations by refining the machine learning algorithms, expanding the user base, and
incorporating user feedback into iterative design cycles. Additionally, collaboration with environmental
organizations and municipalities could amplify the application’s adoption and impact.

5.4. Closing Remarks

In conclusion, Eco Drive serves as a proof of concept for how mobile applications can effectively combine
advanced sensor technologies, gamification, and community engagement to drive positive environmental
change. As urbanization and environmental concerns continue to rise, such solutions offer scalable, user-
friendly tools to promote sustainability and reduce the carbon footprint of individuals and communities.

REFERENCES

[1] World Health Organization,” Air pollution levels rising in many of the world’s poorest cities,” 2016.
[Online]. Available: https://www.who.int. [Accessed: 24-Nov-2024].

[2] K. Hamari, J. Koivisto, and H. Sarsa, “Does gamification work?—A literature review of empirical
studies on gamification,” in Proc. 47th Hawaii Int. Conf. Syst. Sci. (HICSS), Waikoloa, HI, USA, 2014,
pp. 3025-3034.

[3] Carbon Trust, “Footprint calculator.” [Online]. Available: https://www.carbontrust.com. [Accessed:
24-Nov-2024].

[4] M. Nurhadi, A. D. Bore'n, and K. Ny,” A review of successful climate policies for reducing
transportation emissions in urban areas,” Sustainability, vol. 12, no. 6, pp. 1-22, Mar. 2020.

[5] J. Froehlich, L. Findlater, and J. Landay,” The design of eco-feedback technology,” in Proc. SIGCHI
Conf. Human Factors Comput. Syst., Atlanta, GA, USA, 2010, pp. 1999-2008.

[6] G. Jakubowski, A. Serafin, and J. Leszczuk,” Activity recognition in mobile applications using sensor
data fusion,” in Int. Conf. Advances Multimedia (MMEDIA), Lisbon, Portugal, 2020, pp. 56—61.

[7] European Commission,” CIVITAS initiative: Cleaner and better transport in cities,” 2019. [Online].
Available: https://civitas.eu. [Accessed: 24-Nov-2024].

[8] JouleBug,” Sustainability made social.” [Online]. Available: https://joulebug.com. [Accessed: 24-
Nov-2024].

IJCRT2501301 \ International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org \ c617


http://www.ijcrt.org/

