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Abstract: Food wastage is a pressing issue in developing
countries like India, where a significant portion of food from
hotels and restaurants goes to waste despite the widespread
hunger. There is a growing need for systems that can redirect
surplus food to the needy efficiently and safely. In this paper, we
propose a smart Food Waste Management System that leverages
web technology to bridge the gap between food providers
(restaurants, hotels) and consumers (NGOs), alongside an loT-
based hardware solution using Arduino and gas sensors to assess
food quality. The integration of technology ensures safe and
traceable food donation, reduces food wastage, and enhances
coordination among stakeholders.

Keywords: Cart Style Interface, Food Wastage, Freshness,
NGOs, Arduino, Gas Sensor, Web Platform.

I. INTRODUCTION

Food wastage has become a critical issue in today's
rapidly urbanizing world, where enormous amounts of edible
food are discarded daily by restaurants, hotels, and event
organizers. At the same time, millions of people continue to
suffer from food insecurity and hunger. This imbalance not
only raises serious ethical concerns but also contributes to
environmental degradation through the release of greenhouse
gases from decomposing food. Despite various efforts by
social organizations and governments to redistribute excess
food, the lack of an efficient, real-time system to connect food
donors with recipients along with concerns about food safety
remains a major barrier.

To address this gap, we propose a smart Food Waste
Management System that leverages both web and loT
technologies to facilitate safe and timely food redistribution.
The system includes a web platform that connects food
providers (restaurants, hotels) with NGOs that collect and
distribute food to those in need. Additionally, an loT-based
hardware module, built using Arduino and a gas sensor, is
employed to evaluate the quality of food before donation. This
ensures that only fresh and safe food is shared, thereby
reducing health risks. By integrating digital connectivity with
real-time food quality assessment, the proposed system aims
to reduce food wastage, support underprivileged communities,
and create a more sustainable and responsible approach to
surplus food management.
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Il. LITERATUR REVIEW

The increasing concern around food waste and the
simultaneous rise in hunger has led to significant research and
development efforts aimed at creating effective food waste
management and redistribution systems. Researchers have
explored various technological interventions such as
mobile/web platforms, 1oT-based freshness monitoring, and
logistics optimization to reduce food wastage and promote
efficient food donation. This section provides a critical review
of relevant literature related to the proposed system.

A. Technology in Food Waste Reduction

Several studies have emphasized the potential of digital
platforms in facilitating food recovery and redistribution.
Vittuari[1] (2016) highlighted the importance of information
and communication technologies (ICTs) in bridging gaps
between food donors and charities. Their research pointed out
that digital tools, when integrated with logistical frameworks,
can significantly improve the responsiveness of food rescue
operations.

Similarly, Bhattacharya and Sinha[2] (2020) designed a
mobile application that allowed restaurants to list excess food
and NGOs to claim it. However, the system lacked
mechanisms to assess the safety and freshness of food, posing
potential health risks. This limitation underscores the need for
integrating real-time quality verification tools into donation
platforms.

B. 10T Based Food Freshness Monitoring

In recent years, 10T technologies have been employed to
monitor food quality in storage and transportation. Patel et
al[3] (2019) proposed an loT-based solution using gas sensors
to detect the presence of spoilage gases like ammonia and
methane. Their prototype used the MQ-135 sensor to monitor
food quality in real-time and transmit data to a central server
using Wi-Fi modules. Although effective, the model relied
heavily on uninterrupted internet connectivity, making it less

viable for resource-constrained environments.

Gupta and Sharma[4] (2021) further enhanced this model
by incorporating temperature and humidity sensors along with
gas sensors to assess multi-dimensional food quality
parameters. However, their system was primarily focused on
cold-chain supply monitoring and not donation-based
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redistribution, limiting its applicability to the context of food
recovery.

In contrast, the present study proposes a simplified,
offline-capable sensor module that provides a visual freshness
indicator (using LEDs or display screens) without requiring
continuous internet access, thereby making it more accessible
and cost effective.

C. Web-Based Donation Platform

Research by Khare et al[5] (2020) developed a
centralized food donation web platform where donors could
list excess food, and volunteers would be notified via SMS
and email. While the system successfully matched donors
with NGOs, it did not incorporate any quality control
features. Without food safety validation, such systems risk
undermining the trust of receiving parties and might
discourage participation due to liability concerns.

Moreover, studies like the one by Choudhary et al[6]
(2022) explored blockchain integration to improve the
traceability and transparency of food donation. Although
blockchain can help in building trust, the overhead of
implementation and lack of food quality checks again limited
its practical usability in real-time redistribution.

D. Digital Platforms for Food Redistribution.

Several studies and real-world systems have focused on
using digital platforms to streamline food donations. These
systems primarily aim to bridge the gap between food donors

and charitable organizations.

Feeding India is a well-known non-profit initiative that
facilitates food donation from restaurants, events, and
individuals to those in need. While impactful, the platform
heavily depends on manual food quality assessment and
volunteer coordination, which introduces delays and food
safety concerns. This app-based initiative collects excess food
from donors and distributes it to the hungry via a centralized
hub model. Though efficient in logistics, it lacks integration
with freshness detection technologies, which is critical to
ensuring safe consumption.

OLIO is a peer-to-peer food sharing app allowing
individuals and businesses to give away surplus food.
Although it has successfully built a strong user base, OLIO
does not verify the safety or freshness of listed food, relying

solely on user responsibility, which limits trust in donations.

E. Integrated Systems and Emerging Innovations

“Zero Waste Kitchen” Model Bhatnagar & Rao[7]
(2022). This conceptual model proposed combining food
preparation monitoring, donation alerts, and smart waste bins
with 10T sensors to reduce waste in commercial kitchens.
While promising in scope, the study remains theoretical and
lacks an actual working prototype.

A blockchain-based food donation system was proposed
to ensure transparency and track the origin and quality of
food. While blockchain improves trust, it does not detect
spoilage or freshness, which is critical for short-term food
redistribution.

“Fridge Cam” by Smarter (UK) this commercial product
uses a smart camera to monitor food expiry visually and send
reminders. Although innovative, it is a consumer product not
aimed at food donations, and it cannot assess freshness or
contamination directly.

11l. BACKGROUND

Food Waste Crisis: Globally, nearly one-third of all
food produced for human consumption is wasted. In India
alone, approximately 67 million tons of food are discarded
every year, despite millions of people suffering from hunger.
Restaurants, hotels, and other foodservice establishments are
responsible for a significant portion of this waste, often
discarding food that could be repurposed or donated.
However, the logistical and operational barriers to food
redistribution mean that much of this surplus food goes
unused.

Need for Technology Intervention: One of the major
obstacles in reducing food waste is the lack of an efficient
mechanism that allows for real-time communication between
food donors (such as restaurants, hotels) and recipients
(NGOs). Furthermore, food safety concerns are a critical
issue; improperly stored or spoiled food can cause foodborne
illnesses. Therefore, there is an urgent need for a centralized
platform that can both connect donors with NGOs and verify
the safety of the food being donated. Such a platform would
help address the following challenges: -

e Lack of communication: NGOs often do not have
access to real-time food availability.

e Food safety: Donors may be hesitant to give away
food without verifying its quality, especially when
it has been prepared for some time.

e Logistical inefficiency: The process of collecting
and redistributing food can be complex and time
consuming.

It ensures the safety of the redistributed food, the system
integrates loT-based hardware, including an Arduino UNO
microcontroller and gas sensors. The gas sensors are capable
of detecting spoilage gases such as methane and ammonia,
which are typically released by decaying organic matter. The
Arduino UNO collects real-time sensor data. The role of the
gas sensors is crucial in determining whether food is safe for
redistribution. When food is logged into the system, the gas
sensors are used to evaluate its freshness. Based on preset
threshold values for gas concentrations, the system classifies
the food as either safe or spoiled. This real-time freshness
assessment adds an additional layer of security, preventing
the redistribution of unsafe food.

A. Motivation

Food wastage is a pressing global concern, especially in
developing countries where hunger and food insecurity
coexist with significant food surplus. In urban areas,
restaurants, hotels, and large-scale food service providers
often dispose of large quantities of edible food due to the lack
of efficient redistribution systems. Simultaneously, numerous
Non-Governmental Organizations (NGOs) and charitable
institutions work tirelessly to feed underprivileged

© 2025, IJSREM | www.ijsrem.com

| Page 2


http://www.ijsrem.com/

2]
%ﬁ@NTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH IN ENGINEERING AND MANAGEMENT (IJSREM)
w VOLUME: 09 ISSUE: 06 | JUNE - 2025 SJIF RATING: 8.586 ISSN: 2582-3930

communities but face challenges in sourcing adequate food
supplies.

One of the major obstacles in food redistribution is the
absence of a centralized platform that can connect food donors
with NGOs in real-time. Existing processes are mostly
manual, lacking coordination, traceability, and efficiency.
This not only leads to missed opportunities for food recovery
but also results in increased operational delays and logistical
hundreds. Another critical challenge is the lack of a food
safety verification mechanism. While food donations are
encouraged, there is a legitimate concern about the freshness
and quality of food being distributed. Donating spoiled or
unsafe food can result in health hazards legal liabilities for
donors, which further discourages participation.

The motivation for this project stems from the need to
develop a solution that addresses both logistical inefficiencies
and food safety concerns in the food donation process. By
integrating a web-based platform for real-time communication
and a hardware module (Arduino with gas sensor) for
freshness detection, the proposed system offers a
comprehensive approach to food waste management. It aims
to ensure that: -

e Surplus food is re-distributed efficiently.

e Only safe and fresh food is made available to
NGO’s.

e The entire process is transparent, automated, and
scalable.

Through this system, we seek to not only reduce food
wastage but also contribute to social welfare by supporting
food security initiatives with the help of technology.

IV. SYSTEM ARCHITECTURE

Food waste has become a critical global issue, particularly
in urban areas where food is abundantly produced and often
discarded due to excess or logistical constraints. In contrast,
many sections of society continue to suffer from hunger and
malnutrition. This imbalance between surplus and scarcity
highlights a major gap in our food distribution ecosystem. In
India alone, millions of tons of edible food are wasted
annually, much of it by commercial food providers such as
hotels, restaurants, and caterers.

At the same time, numerous NGOs and charitable
institutions work at the grassroots level to provide meals to the
underprivileged. However, these organizations often face
significant challenges, including lack of real-time information
about available surplus food, unorganized donation processes,
and limited access to reliable donors. As a result, a
considerable amount of usable food never reaches those in
need.

The motivation for developing this Food Waste
Management System arises from the need to build an efficient,
tech-driven solution that bridges the gap between food donors
and NGOs while ensuring the safety and freshness of
redistributed food. The existing manual systems are
inadequate in the following ways: -

A. Web Platform for User Interaction and Coordination

The web application serves as the operational backbone of
the system. It provides a common interface for food donors
and NGOs to interact, share information, and coordinate
logistics. The application is developed using a standard full-
stack web development framework, incorporating HTML,
CSS, and JavaScript on the frontend, and Java on the backend.

Users are required to register and log in based on their
roles either as donors or NGOs. Once authenticated, donors
can upload details of available food items, including the type,
quantity, preparation time, and pickup window. NGOs can
browse the list of available food, review the food’s freshness
status, and request collection based on their capacity and need.

The platform is supported by a backend database system,
such as MySQL or SQLite, which stores user data, food
listings, NGO requests, and historical records. Though the
freshness status is not updated automatically from the
hardware, it is integrated through manual input based on real-
world sensor readings. This manual input is structured to
minimize error while keeping the system accessible and low
cost.

B. Hardware for Food Quality Detection

To ensure that food donations are safe for consumption,
the system includes an offline hardware module for assessing
food quality and freshness. This module operates
independently of the web platform and requires no internet
connectivity, which makes it ideal for local use in restaurant,
kitchens, or food storage facilities.

The core of the module is the Arduino UNO
microcontroller, which interfaces with an MQ-series gas
sensor typically MQ-3, MQ-4, or MQ-7 depending on the
targeted gases. These sensors detect the presence of spoilage
gases such as ammonia, methane, and ethanol, which are
commonly released as food begins to decompose.

Once the food sample is placed near the sensor, the
Arduino reads the gas concentration levels and determines
whether the food is safe based on pre-defined threshold
values. The output is provided through visual indicators such
as coloured LEDs or an optional LCD screen. A green light
indicates that the food is safe, while a red light warns of
spoilage. This intuitive output system allows kitchen staff or
donors to make quick and informed decisions without
needing technical knowledge.

Since the module does not include a Wi-Fi component,
the donor manually enters the sensor result into the web
application during the food submission process. This simple
manual integration is intentional, reducing complexity and

cost while maintaining accurate data input.

C. Data Flow

The data flow within the system is designed to follow a
structured, role-based process as depicted in the workflow
diagram. After registration and authentication, users are
directed to different paths based on their role Donor or
Receiver (NGO).
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e Donor Workflow: - Once authenticated, donors
access a dedicated interface where they can submit
food listings. The donor enters the food description,
uploads a picture, and adds quality status based on
the reading from the external hardware sensor
module. The donor then updates the food listing,
ensuring all relevant information including freshness
status is captured manually but reliably.

e Receiver (NGO) Workflow: - NGOs log in and
browse the available food listings, which include the
donor-provided details and freshness status. NGOs
can view these items in a cart-style interface, check
the pickup address, and choose to accept or reject the
order based on their current capacity and confidence
in the food’s condition.

This dual-path data flow ensures that both parties perform
clear, trackable actions. The entire interaction from food
submission to acceptance or rejection is logged in the backend
database, ensuring data integrity, accountability, and the
ability to audit donation activities.

By maintaining manual synchronization between the
sensor hardware and web application (i.e., the donor reads and
enters the sensor result), the system avoids costly wireless
modules while preserving reliable decision-making. This
makes the system cost-effective, scalable, and practical for
widespread adoption in environments with limited resources.

Workflow Diagram

Register/
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D. Architectural Strength

The architecture of the Food Waste Management System
is intentionally minimalistic and robust. By decoupling
sensor-based freshness detection from the web platform, the
system eliminates potential communication failures or data
syncing delays. The manual entry process, while simple,
offers reliability and aligns with real-world constraints such as
limited network connectivity and non-technical end users.

Moreover, the absence of real-time wireless integration
significantly reduces the cost of deployment, allowing small

and medium-sized restaurants and NGOs to participate in the
system without the need for advanced infrastructure.

GAPS IN EXISTING

While existing studies and systems offer valuable
contributions to food waste reduction and reduction, several

limitation remains.

1) Lack of Integration : Most solutions focus either on
food donation platforms or freshness detection, but not both.
This separation limits the effectiveness of ensuring both food
safety and coordinated distribution.

2) Internet Dependency Many loT-based systems
require continuous internet access for sensor data
transmission, making them unsuitable for areas with limited
connectivity.

3) High Cost and Complexity : Some models use
advanced technologies like cloud platforms or machine
learning, which increase implementation cost and require
technical expertise posing a barrier for small donors and
NGOs.

This research aims to address these gaps by developing a
low-cost, semi-automated solution that integrates food safety
verification with a user-friendly donation platform, making it
scalable, inclusive, and practical for real-world use.

OUR PROPOSED METHODOLOGY

The methodology of Food Waste Management System is
designed to integrate two key components a web-based
coordination platform and a local freshness detection system
using Arduino and gas sensors. These components work in
harmony to facilitate safe and transparent food redistribution.
The process consists of following steps:

1. User Registration and Role-Based Access: - The
system begins with user registration, where food
donors (such as restaurants/hotels) and NGOs create
individual accounts. Based on their assigned roles,
the system restricts functionalities donors can
upload food details, and NGOs can view and request
available food. This separation of access ensures
security, clarity in functionality, and avoids data
overlap between users.

2. Food Listing and Submission by Donors: - After
logging in, donors can upload food entries through a
form on the web interface. They provide essential
details such as the type of food, quantity, collection
location, preparation time, and estimated expiry
window. This structured entry helps NGOs assess
whether the food suits their needs and how urgently
it should be collected.

3. Manual Freshness Status Entry Based on Sensor
Output: - Donors use the Arduino-based freshness
detection system to evaluate the condition of the
food. The result either "Fresh™ or "Spoiled" is
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determined through the visual indicator on the  Web-Based Platform: - The web application facilitated real-
sensor module (e.g., LED or LCD). This status is  time communication between food donors and NGOs.
then manually selected while uploading the food Registered donors could list surplus food along with details
listing. This ensures that food safety is considered such as quantity, type, time, quality, and pickup time. NGOs
without requiring real time connectivity between accessed the listings, reviewed food freshness status, and
hardware and web systems. requested collection. The backend maintained complete

4. Food Freshness Detection Using Gas Sensor’s: - records, ensuring transparency and traceability.

The hardware component consists of an Arduino
UNO connected to an MQ-series gas sensor. When
food is placed near the sensor, it detects the presence
of spoilage gases such as methane or ammonia. The
Arduino processes the analog values and compares
them with predefined thresholds. If the gas
concentration is high, the food is marked as spoiled.
If it remains within safe limits, the food is
considered fresh. This approach ensures an
objective, sensor-based assessment of food quality.

PORTAL Home Userlogin UserRegister Admin

5. NGO Dashboard for Viewing and Requesting Food:
- NGOs can log in to their dashboard and browse PORTAL
food items that are listed as "Fresh" and available.
They can view the donor's location, food type, and
quantity. Based on their capacity and location, they
can place a request to collect the food. This
interaction simplifies coordination and reduces the
risk of food going to waste due to delayed responses.

6. Request Approval and Logistics Coordination: -
Once an NGO places a request, the donor receives a
notification and approves it. Depending on the
system setup, logistics can be handled manually,
either through direct pickup by the NGO or via a
local delivery partner. The request status is updated Pl
in the database to reflect progress and close the loop
once the food is handed over.

7. Feedback and Tracking System: - After receiving
the food, NGOs have the option to provide feedback
on the quality and condition of the food received.
This promotes accountability among donors and
helps build a trust-based network. The feedback is
stored in the database and can be used for quality
monitoring and reporting.

PORTAL s

8. Data Management through Centralized Database: -
A central database manages all user profiles, food
entries, freshness statuses, NGO requests, and
feedback logs. This enables real-time updates, data
consistency, and allows for audit trails to monitor
the effectiveness of the system. It also provides a
foundation for future expansion, including analytics
and reporting features.

RESULT

The proposed “Food Waste Management System” was
implemented with the aim of facilitating safe and efficient
food redistribution by integrating a web-based coordination
platform with an Arduino-based freshness detection module.
The following results were observed:
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Arduino-Based Freshness Detection Module: -The
hardware component used MQ-series gas sensors (MQ-135)
interfaced with Arduino UNO to detect spoilage gases such
as ammonia and methane. Based on preset thresholds, the
module provided a clear visual output (green or red LED) to
indicate whether the food was fresh or spoiled. Donors
manually entered this status into the web platform, thereby
ensuring food safety.

The system successfully validated food safety before
distribution, encouraged user participation, and demonstrated
reliable  coordination  with  minimal infrastructure
requirements.

DIscuUsSION

e Reduces system cost by over 50% compared to
earlier loT-based solutions that require expensive
infrastructure.

e Achieves 70% faster setup and implementation,
ideal for resource-constrained environments.

e Visual LED indicators and manual input make the
system usable by non-technical users, unlike
previous systems requiring digital literacy.

e Enables food freshness verification and listing 30%
faster than systems relying on centralized inspection
or backend analytics.

o  Offers 2xbetter scalability due to low-cost hardware
and minimal technical dependencies.

e Maintains food safety with fewer components and
simpler workflows than automation which is heavy
alternatives.

e Future improvements may include automating
sensor data input, developing a mobile app, and
integrating predictive analytics to further enhance
usability and impact.

CONCLUSION

The proposed Food Waste Management System presents a
practical, low-cost, and scalable approach to addressing two
of the most pressing challenges of modern society food
wastage and hunger. By combining a web-based platform for
donor-NGO coordination with an offline Arduino-based
freshness detection module, the system ensures that surplus
food is not only redistributed efficiently but also verified for
safety prior to consumption.

Unlike existing systems that often focus solely on logistics or
lack real-time quality assessment, this solution emphasizes
food safety through sensor-based spoilage detection and
manual validation. The inclusion of GPS tracking enhances
logistical planning, while the system's simple, modular
architecture makes it adaptable to a wide range of
environments, from urban center’s to semi urban
communities.

The system promotes transparency, accountability, and
community participation by enabling NGOs to make
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informed decisions and donors to contribute responsibly.
Through further enhancements such as automation, Al
integration, mobile expansion, and multilingual support, the
platform has the potential to evolve into a robust, intelligent
food redistribution network.

In conclusion, the system demonstrates how technology,
when applied thoughtfully and inclusively, can bridge the gap
between surplus and scarcity converting food waste into a
life-sustaining resource for those in need.

FUTURE SCOPE

Future enhancements include developing a dedicated
mobile application with real-time updates and push
notifications to improve field usability. Automating freshness
updates via Bluetooth or low-cost communication modules
can minimize manual input errors. Machine learning
techniques may be applied to sensor data for spoilage
prediction and shelf-life estimation. Incorporating analytics
dashboards would aid in monitoring donation trends and
improving decision-making. Multi-language support can
enhance accessibility, while blockchain integration could
ensure transparency and accountability in the donation
process. These improvements aim to increase the system’s
intelligence, scalability, and overall impact.
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