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Abstract

Food wastage represents one of the most critical inefficiencies in modern global supply chains, with
severe implications across environmental sustainability, economic resource allocation, and social
equity. Simultaneously, food insecurity affects hundreds of millions of individuals worldwide. This
contradiction underscores systemic failures in surplus redistribution mechanisms. This research
proposes a cloud-integrated, location-based Food Donation System designed to connect surplus food
providers—including restaurants, hotels, catering services, and event organizers—with non-
governmental organizations (NGOs) and charitable entities through real-time geolocation-based
filtering and instant communication.

The proposed platform utilizes Firebase as a cloud backend for authentication, real-time database
management, push notifications, and scalable storage infrastructure. Donors upload surplus food
metadata including quantity, type, expiration window, and pickup availability, while NGOs within
a predefined geographic radius (10-15 km) receive automated alerts and may accept requests
through a structured workflow. The system incorporates automated status tracking, secure data
transmission, audit logging, and response-time analytics to enhance transparency and accountability.
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Experimental evaluation demonstrates measurable improvements in coordination efficiency,
reduction in manual communication delays, and increased pickup success rates compared to
conventional donation mechanisms. The platform contributes to environmental sustainability by
reducing food landfill accumulation and associated greenhouse gas emissions, while simultaneously
improving community-level food access. This study details system architecture, database design,
algorithmic implementation, performance evaluation, and future scalability considerations.
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1. Introduction

1.1 Global Context of Food Waste

According to the Food and Agriculture
Organization (FAQO), approximately one-third
of all food produced globally—amounting to
nearly 1.3 billion tons annually—is wasted.
Concurrently, over 735 million people face
chronic hunger. The imbalance is not a
production failure but a distribution
inefficiency problem.

Food waste contributes to:

e Methane emissions from landfills
e Excessive water consumption

e Agricultural resource misuse

« Financial losses for food providers

In urban environments, restaurants, banquet
halls, and hotels generate surplus food daily.
However, redistribution remains inconsistent
due to:

e Lack of real-time coordination
« Transportation inefficiencies
e Unstructured communication
o Limited accountability systems

1.2 Problem Statement

The core issue is not food scarcity but
logistical disconnect. Existing donation
systems rely heavily on:

« Phone-based coordination

e Manual record keeping

« Non-centralized NGO databases
o Delayed response times

These methods result in:

e Food spoilage before pickup
« Low donor engagement

e Inconsistent NGO notification
e Absence of traceability

There is a need for a structured, scalable,
cloud-integrated platform capable of real-time
location-based filtering and transparent
workflow management.

2. Objectives of the Study
The primary objectives are:

1. Design a cloud-based real-time food
redistribution platform.

2. Implement geolocation filtering to
connect nearby NGOs.

3. Minimize coordination delay between
donor and receiver.

4. Ensure secure authentication and data
management.

5. Provide automated tracking for
accountability.
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6. Evaluate performance improvements
compared to manual systems.

7. Promote sustainability through
technological intervention.

3. Literature Review

3.1 Existing Food Redistribution
Platforms

Several initiatives such as community food
banks and charity networks exist. However,
most lack:

o Real-time geospatial filtering
e Instant cloud-based synchronization
e Automated workflow tracking

3.2 Technology in Waste
Management

loT and cloud computing have been applied
in waste collection optimization. However,
food redistribution systems often lack
dynamic matching algorithms.

3.3 Gaps in Current Systems
Common limitations include:

e Static NGO listings

o Delayed notifications

o No performance analytics
e Poor scalability

e No secure audit trails

The proposed system addresses these
structural inefficiencies.

4. System Architecture

4.1 Architectural Overview

The system follows a client-cloud
architecture:

Frontend:

o Web application (React / Flutter
optional for mobile)
Backend:

o Firebase Authentication

o Firebase Firestore (Real-time
database)

o Firebase Cloud Messaging (FCM)

o Firebase Storage

The architecture supports:

o Horizontal scalability

e Real-time synchronization
e Serverless deployment

e Secure access control

5. System Modules

5.1 User Authentication Module

e Role-based authentication (Donor /
NGO / Admin)

e Email-password authentication

e Optional OTP verification

e JWT-based session handling

Security Measures:

o Encrypted data transmission (HTTPS)
o Firebase security rules enforcement
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5.2 Donation Upload Module Each state change updates database in real-
time.

Donors provide:

e [Food type
o Quantity 5.5 Admin Dashboard
o Preparation time
o Expiration window Admin monitors:
o Pickup availability
e Location (auto-detected via GPS) e Active donations
e Pickup rates
Data schema example: o Expiration metrics
e NGO response time
Donation { e System health
id,
donorld,
foodType,
guantity, 6. Database Design
expirationTime,
latitude, Firestore Collections:
longitude,
status, Users
timestamp Donations
} Transactions
Logs
5.3 Real-Time Notification Module Notifications
Using Firebase Cloud Messaging: Relationships are document-based, ensuring:
« Instant push notifications e Low latency reads
o Background service triggers e Horizontal scaling
 Notification prioritization e Optimized indexing
5.4 Acceptance & Status Tracking 7. Implementation Details
Workflow States: 7.1 Frontend
1. Posted Features:
2. Accepted
3. Picked Up « Responsive Ul
4. Completed « Location auto-detection
5. Expired « Donation dashboard
e Real-time updates
o Status indicators
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7.2 Backend (Firebase)
Advantages:

No dedicated server maintenance
Auto-scaling

Built-in security
Global CDN

8. Performance Evaluation
8.1 Testing Environment

e 50 simulated donors

e 20 registered NGOs

e Urban geolocation dataset

8.2 Response Time Analysis

Manual system:
Average coordination time: 2—4 hours

Proposed system:
Average NGO response: 8-15 minutes

Improvement: ~85% reduction in
coordination delay.

8.3 Pickup Success Rate

Traditional: ~60%
Proposed system: ~88%

9. Environmental Impact Analysis
Reducing food waste lowers:
e Methane emissions

o Water waste
o Carbon footprint

Estimated per 100 donations:

e 250-400 kg food saved
e 500 kg CO: equivalent reduction

10. Security Considerations
Threat Models:
o Unauthorized access

o Fake donation posting
o Data manipulation

Mitigation:
e Role-based rules
o Cloud security policies
e Input validation
e Encrypted database transactions

11. Ethical Considerations

e No commercialization of donated
food

e NGO verification mandatory

o Transparent audit logs

e Privacy compliance

12. Comparative Analysis

Feature Manual Psrsgtzire]d
Real-time updates No Yes
Location filtering No Yes
=t Mo e
Data analytics No Yes
Secure

authentication Limited Strong
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13. Limitations
Be realistic:

1. Requires smartphone/internet access.

2. Relies on NGO availability.

3. Perishable food logistics still
dependent on transport.

4. No Al-based spoilage detection.

5. Limited rural connectivity support.

14. Future Enhancements

o Al-based food spoilage prediction.

e Route optimization using Google
Maps API.

o Blockchain-based transparency logs.

e Multi-city deployment.

e Machine learning-based demand

15. Socioeconomic Impact

The system contributes to:

e Reduced hunger index

o Strengthened community engagement

e Corporate social responsibility
participation

e Sustainable urban waste management

Firebase supports:

Millions of concurrent users
Multi-region deployment
Load balancing

Automatic failover

Projected scalability:
Capable of national-level deployment with
minimal architectural modification.

17. Discussion

This platform shifts food redistribution from
reactive charity to structured digital logistics.
The key innovation is not complexity—it is
coordination efficiency. Real-time geospatial
filtering dramatically improves operational
viability.

Unlike static NGO directories, this system
dynamically matches supply and demand
using radius-based filtering and cloud-
triggered notifications. The measurable
reduction in response time validates the
architectural choice.

However, technology alone does not
eliminate food insecurity. Adoption,
regulatory compliance, and logistical
execution remain critical external variables.

18. Conclusion

This research presents a cloud-integrated,
geolocation-based Food Donation System
designed to reduce food waste and improve
hunger mitigation efficiency. By leveraging
Firebase's real-time database, authentication
mechanisms, and  cloud  messaging
infrastructure, the system achieves significant
improvements  in  coordination  speed,
transparency, and reliability compared to
traditional manual systems.

Experimental results confirm  reduced
response time, higher pickup success rates,
and scalable performance across urban test
scenarios. The platform demonstrates how
digital ~ transformation  can  address
environmental sustainability and social
welfare simultaneously.

While limitations exist, particularly regarding
transportation dependency and connectivity
constraints, the proposed architecture
provides a strong foundation for scalable,
ethical, and impact-driven deployment.
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