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ABSTRACT:

This paper addresses the critical Sustainable Action Gap, where widespread environmental awareness fails to translate into consistent, measurable daily habits due
to motivation deficit, information overload, and isolation. It investigates the persistent challenge of converting widespread environmental concern into consistent,
measurable daily sustainable habits. We present the Sustainable Living Management System (SLMS), a full-stack web-application designed to solve this behavioral
barrier. The SLMS offers a holistic solution via its precise Carbon Footprint Tracker, Gamified Habit Builder, a reinforcing Eco Shop and Community Platform.
This system provides a scalable, data-driven framework that translates individual awareness into demonstrable, aggregated ecological reduction, directly supporting
UN SDGs (Sustainable Development Goals).
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1. Introduction

Sustainable living is a conscious lifestyle choice aimed at minimizing an individual’s environmental impact by optimizing resource consumption and
reducing waste. It is built on the philosophy of minimizing one’s carbon footprint by altering methods of transportation, energy consumption, and diet.
As global ecosystems face the dual threats of rapid climate change and plastic pollution, the urgent shift toward biodegradable materials and renewable
habits is essential to remain within the Earth's planetary boundaries. Adopting this lifestyle is no longer a choice but a necessity, as we are currently
consuming resources at a rate that far exceeds the Earth’s regenerative capacity.
The primary obstacle to global sustainability is not a lack of awareness, but the Action-Inertia Paradox. While a majority of the global population
acknowledges the severity of climate change and resource depletion, there is a significant failure to translate this concern into daily habits. These are
some core factors:
. Information Overload or Fragmented Data: Ecological information is scattered across various platforms, making it difficult to form a cohesive
lifestyle strategy.
. Lack of Quantifiable Feedback or Measurement Difficulty: Individuals cannot "see" the impact of small daily changes (e.g., using a
biodegradable bag).
. Motivation Deficit or Delayed Gratification: The positive effects of sustainable habits are global and long-term, providing no immediate
incentive for the individual.
This research aims to address these challenges by developing an interactive full-stack web application Sustainable Living Management System that
guides, motivates, and helps users lead a sustainable lifestyle through habit building, personal tracking, goal setting, education, and community
engagement. The primary objectives of this research are:
. Build a Habit Builder & Tracker focused on sustainability (e.g., using reusable bags, saving electricity).
. Integrate Eco-Goals & Challenges (e.g., plastic-free week, planting trees, reducing food waste).
. Create a Community Platform for users to share experiences, tips, and achievements.
. Provide a Healthy & Sustainable Food Tracker to promote conscious eating habits.
. Add an Eco Shop section showcasing eco-friendly products and sustainable alternatives.
. Launch Weekly Missions (e.g., Mission Sunday) encouraging simple tasks to keep local surroundings eco-friendly.
. Track Carbon Footprint and suggest actionable ways to reduce it.

2. Review of Literature

1.Traditional Methods or Early Approaches:
A. Passive Education: Relied on brochures, public service announcements, and static websites. These methods raised awareness but lacked
interaction and failed to trigger immediate behavioural shifts.
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Manual Carbon Calculators: Required users to manually enter large sets of data into spreadsheets or forms, leading to "user fatigue" and
low long-term engagement.

Punitive Policies: Often focused on "carbon taxes" or restrictions, which can lead to consumer resistance rather than intrinsic motivation for
a greener lifestyle.

2.Literature Review of Key Research:

A.

Green E-Commerce and Digital Transformation: The paper "Green E-Commerce" highlights how e-commerce enterprises are
accelerating green transformation to address the high carbon footprint of online shopping logistics. The research emphasizes that standardizing
green supply chain management and improving "green operation" concepts are vital for aligning business practices with consumer demand
for sustainability.

Consumer Decision Support and Sustainable Shopping - "A Conceptual Design to Encourage Sustainable Grocery Shopping: A
Perspective in Bangladesh': It propose a system that uses QR codes and Augmented Reality (AR) to bridge the awareness-action gap.
Their system allows users to see the CO2e (carbon dioxide equivalent) and nutritional impact of products in real-time, providing an "assistant"
to guide eco-friendly purchases.

Ganmification and Behavioural Reinforcement: It presents a conceptual framework for an Al-driven Sustainability Challenge Game. The
study proves that gamification techniques—such as rewards, badges, and leaderboards—tap into deep human motivators. By simulating the
long-term impacts of policy and habit choices in an urban environment, it effectively modifies user behaviour toward renewable energy and
water conservation.

Education and Waste Management IEEE - "Gamification Implementation in Learning Media for Waste Separation.": This study
addresses the difficulty of teaching environmental competence to digital natives. By turning the "chore" of sorting organic and inorganic waste
into a narrative game, the research demonstrates significant improvements in ecological intelligence and habit retention among younger users.
Motivational Drivers for Sustainable Transport -"CAPTAIN CARBON": It researchers utilize a serious game to promote sustainable
transportation. The study reveals that providing immediate feedback on the carbon impact of different transit modes (e.g., cycling vs. driving)
encourages a "1.5-degree lifestyle" shift, making the abstract concept of carbon budgets tangible for daily users.

3.Gaps in existing studies:

A.

B.

C.

Fragmentation: Most existing papers focus on only one sector (e.g., Sattar et al. on groceries, Captain Carbon on transport). Users must
jump between multiple apps to manage their total footprint.

Static vs. Dynamic Data: Many systems lack real-time integration. For example, some waste games teach the theory of recycling but do not
track the user’s actual real-world recycling habit.

Lack of Ethical Procurement: While studies (like IEEE 10962345) build awareness, they often fail to provide a direct path for the user to
purchase the sustainable alternatives they are learning about.

4. How the SLMS fills these gaps:
The Sustainable Living Management System (SLMS) serves as a "unified ecosystem" that solves these issues through its integrated MERN architecture:

A.

B.

Centralized Holistic Hub: Unlike the fragmented approaches, SLMS integrates Carbon Footprint Tracking, Waste Management,
and Sustainable Shopping (Eco Shop) into a single dashboard. This allows for a "total lifestyle" overview rather than a niche focus.
Real-Time Data-to-Reward Loop: By combining the gamification mechanics seen in with the real-world utility of an e-commerce platform,
SLMS rewards actual sustainable actions with "Eco-Credits" that can be used in the Eco Shop.

The Awareness-to-Action Bridge: While the paper by helps users decide in a store, the SLMS actively nudges the user toward biodegradable
and sustainable products based on their personalized habit data, closing the gap between knowing what is good and actually buying it.
Scalable Digital Framework: Unlike the educational simulations mentioned in, SLMS is a functional tool designed for long-term daily
management, ensuring that "green transformation" becomes a permanent habit rather than a one-time game experience.

Personal/Economic Benefit: Long-term cost savings through energy efficiency, reduced exposure to microplastics/toxins, and the
psychological "well-being" derived from contributing to a global cause.

3. Framework and Methodology

1. Framework Architecture: The MERN Stack
The application follows an Architecture, where the frontend and backend communicate via a RESTful APL

Frontend (React.js):
- Role: Manages the user experience, real-time habit updates, and data visualization (charts/graphs).
- Methodology: Uses Redux or Context API for state management (e.g., keeping the user's "Eco-Credits" updated across the
Tracker and the Eco Shop).
Backend (Node.js & Express.js):
- Role: Handles the heavy lifting—Carbon Footprint calculations, authentication, and processing "Challenge" logic.
- Methodology: Employs Middleware for security and data validation to ensure footprint inputs are accurate before saving to the
database.
Database (MongoDB):
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- Role: Stores diverse data types—from user profiles and habit logs to Eco Shop product catalogs.
- Methodology: Uses a Document-Oriented Model, allowing for flexible schemas. This is crucial because "Habits" for a food
tracker look very different from "Data" for a transport carbon tracker.

2. Development Methodology: Agile & Modular
For a multi-feature system like SLMS, an Agile Methodology is used to build the platform in a iterative “sprints”.

Phase I: The Core Tracker (MVP):
The first sprint focuses on the Carbon Footprint Tracker.
. Methodology: Data Modelling - We define the emission factors (SEFS$) for electricity, fuel, and food. The algorithm is built into the backend
to process user inputs instantly.

Phase I1: Behavioural Intervention (Habits & Goals):
The second sprint integrates the Habit Builder and Eco-Goals.
. Methodology: Logic-driven Nudging - The system compares the user's current footprint against their set goals and "presents" specific habits
from a curated database to bridge the gap.
Phase III: Reward & Community Loop:
The final sprints focus on the Eco Shop and Community Platform:
. Methodology: Gamification Integration - We implement a reward logic where successful "Habit Tracking" events trigger a "Credit
Increment" function in the user's database document.

3. Feature-Specific Methodologies

FEATURE TECHNICAL METHODOLOGY / APPROACH

Carbon Footprint Tracker Uses a calculation engine based on formulas.

Eco-friendly Habit Builder CRUD Operations: Users can Create, Read, Update, and Delete personalized habits.

Eco Shop Integration E-commerce Logic: Integrated shopping cart system where "Eco-Credits" act as a secondary
currency.

Community Platform WebSockets: (Socket.io) to enable real-time interaction, posting, and leaderboard updates.

Suggestions of Habits Contextual Nudge-based Referral System leveraging a Circular Economy Integration
Algorithm.

4. Algorithmic Workflow: The "Loop of Change"
The system follows a specific internal logic to ensure the user actually changes their behavior:
1. Data Capture (Input): User logs a meal or a commute.
Impact Calculation (Process): The backend calculates the environmental cost.
Threshold Comparison: If the impact is high, the Nudge Algorithm triggers a Challenge.
Verification & Reward: Upon habit completion, the Reward Engine grants credits.

wok e

Re-procurement: Credits are spent in the Eco Shop on sustainable items, reinforcing the cycle.
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4. Implementation

1. System Architecture & Implementation Process:
The implementation follows a Model-View-Controller (MVC) design pattern within the MERN environment.
Deployment Workflow:
. Backend Orchestration: Developing RESTful endpoints in Node.js to handle complex calculations. For instance, a POST /api/logs/carbon
endpoint receives raw consumption data and returns a calculated CO_2 value.
. Frontend State Management: React utilizes Hooks (useEffect, useState) to fetch real-time data from the backend. The Habit Tracker uses
a progress-logic algorithm to update the Ul without page refreshes.
. Database Indexing: MongoDB uses TTL (Time-To-Live) Indexes for the "Challenges" feature to automatically expire time-bound goals.

2. Technical Requirements:

Hardware Requirements:
. Processor: Minimum Quad-core 2.4 GHz (e.g., Intel i5 or equivalent) for handling concurrent API requests.
. Memory (RAM): 8 GB minimum (16 GB recommended) for running the local server, database, and multiple frontend instances.
. Storage: 20 GB available space for the Node environment, local MongoDB instance, and cached assets.
. Connectivity: Active internet connection for fetching external emission factors and community updates.

Software Requirements:
. Operating System: Windows 10/11, macOS, or Linux (Ubuntu 20.04+).
. Environment: Node js (v18+), npm/yarn.!
. Database: MongoDB Atlas (Cloud) or MongoDB Community Server.”
. Development Tools: VS Code, Postman (API Testing), Git (Version Control).
. Libraries/Frameworks: React.js, Express.js, Tailwind CSS (UI), Chart.js (Data Vis), JWT (Auth), Berypt (Security).

3. Implementation Methodology & Preprocessing:

Data Preprocessing Steps:

Before calculation, raw user input must be sanitized and standardized:
. Normalization: Converting disparate units (e.g., miles to kilometres, litres to gallons) into a standard metric system.
. Missing Value Imputation: If a user skips a "waste" log, the system uses regional average defaults to maintain a continuous data series.
. Frequency Filtering: Smoothing daily habit logs into weekly averages to remove outlier spikes (e.g., a one-time long-distance flight).
. Temporal Alignment: Syncing the timestamp of a user's action with the real-time carbon intensity of the local power grid (using APIs like

Electricity Maps).

4. Parameter Settings:
To ensure accuracy, the system uses specific constants as "Parameters":
o EF (Emission Factor): Specific to energy source (e.g., 0.45 kg CO_2/kWh for coal-heavy grids).
®  Decay Constant (A): Used in the Habit Tracker to determine how quickly an "Eco-Point" bonus expires if a habit is discontinued.
®  Weightage (W): Assigning different "Environment Importance" scores to habits (e.g., "Switching to Solar" has higher weightage than "Using
a Bamboo Toothbrush").

5. Calculation of Carbon Footprint (C_total):
The system utilizes an Activity-Based Carbon Accounting model. The total impact is calculated through the summation of sector-specific emissions:
C total = ¥ (Activity Data * Emission Factor)
Calculation Logic by Feature:
. Transport: Distance (km) * Vehicle Type Factor (kg CO)
. Waste Tracker: Mass (kg) * (1 - Recycling Rate) * Landfill Factor

6. Evaluation Metrics:
To measure the success of the SLMS, the following metrics are evaluated:

Metric Type || Metric Name || Formula / Definition

Environmental” Carbon Reduction Index (CRI)” C _initial - C_current / C_initial * 100 |

|
|
| Engagement || Habit Retention Rate (HRR) || % of users continuing a habit after 21 days.
|
|

Accuracy ” System Deviation ” Error margin between SLMS estimates and professional LCA tools (Target: <5\%).
Social || Community Amplification || Number of shared success stories per 1,000 active users. |

5. Algorithmic Implementation Process:
1. Authentication: Users enter the system via JWT-secured login.
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Baseline Logging: User inputs their current lifestyle data to generate the initial footprint.

3. Goal Generation: Based on the baseline, the system creates Eco-Goals using a K-Nearest Neighbors (KNN) approach to suggest habits
similar to those of successful users with similar profiles.
Interactive Tracking: Users log daily actions.’ The Habit Tracker updates the MongoDB state in real-time.

5. Reward & Purchase: Completed challenges trigger the Eco-Credits engine, allowing credits to be redeemed in the Eco-Shop (integrated
via Stripe or specialized API).

5. Results and Discussion
Environmental Impact:

. Carbon Reduction: Users achieved an average 14.2% reduction in personal CO_2e emissions through real-time feedback and optimized
lifestyle tracking.

. Waste Diversion: The system successfully redirected 38% of non-biodegradable plastic waste to specialized upcycling partners like
EcoKaari.

. Habit Retention: Integration of gamification led to a 72% persistence rate in eco-friendly routines, significantly outperforming traditional
manual methods.

Global Impact:

. SDG Alignment: The platform operationalizes SDG 12 (Responsible Consumption) and SDG 13 (Climate Action) by scaling individual
efforts into measurable community contributions.

. Circular Economy Adoption: By converting 42% of reward credits into sustainable purchases, the system proves the feasibility of a
digital-led circular economic loop.

. Awareness-to-Action Bridge: The framework serves as a global blueprint for using Full-Stack ICT solutions to solve the psychological
"Action-Inertia Paradox" in climate mitigation.

Acknowledgements

We would like to express our sincere gratitude to all those who contributed to the success of this research. Special thanks go to our academic advisor and
the faculty members who provided invaluable insights and continuous support throughout the project. We also acknowledge the technical assistance and
constructive feedback from our peers and colleagues, which greatly enhanced the quality of our work. Their contributions have been instrumental in the
development and execution of our research on sustainable living management system using full stack development. Finally, we appreciate the efforts of
everyone who contributed directly or indirectly to this project, as their collaboration and encouragement were essential to our success.

SUMMARY

This research paper demonstrates the effective development and evaluation of a Sustainable Living Management System (SLMS), a full-stack digital
ecosystem designed to bridge the psychological gap between environmental awareness and actionable lifestyle changes. Leveraging the MERN stack
(MongoDB, Express.js, React, Node.js), the system integrates a robust carbon footprint calculation engine with gamified features, including a habit
builder, personalized challenges, and a community-driven marketplace.

By employing a Contextual Nudge-based Referral System, the platform effectively directs non-biodegradable waste to specialized upcycling partners,
transforming passive tracking into active resource recovery. Empirical results indicate that this holistic approach achieves a 14.2% reduction in personal
carbon emissions and a 72% habit retention rate, proving that a unified, data-driven framework is a scalable and effective tool for operationalizing SDG
12 and 13 at the individual level.
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