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Abstract—Food waste is one of the most pressing
sustainability challenges of our time. Nearly one-third of
all food produced for human consumption is discarded
every year. This waste is largely caused by the rapid
spoilage of perishable goods and a fundamental
mismatch between supply and demand in the food supply
chain. This paper introduces NearFresh, a specialized
B2B digital platform that connects high-volume
suppliers—such as  hotels, supermarkets, and
wholesalers—with smaller local vendors to efficiently
redistribute food approaching its expiration date.
NearFresh uses an XGBoost-based machine learning
model for real-time spoilage prediction and a dynamic
pricing engine that automatically adjusts discounts
based on remaining shelf life, creating a strong financial
incentive for rapid inventory turnover. The platform is
built on a modern MERN stack (MongoDB, Express.js,
React.js, Node.js) with a Python/FastAPI-based Al
microservice, fully aligned with 2025 technical
standards. Simulations on a synthetic dataset of 500
perishable items show that the system can reduce food
waste by approximately 50% while also increasing
supplier revenue by 25%. This mirrors industry reports
showing 20-80% waste reduction through Al-driven
pricing. NearFresh demonstrates how integrated digital
innovation can transform supply chain inefficiencies into
sustainable economic and environmental value.

Index Terms—B2B Platform, Dynamic Pricing, Food
Waste, Machine Learning, MERN Stack, Supply Chain,
XGBoost

L INTRODUCTION

The scale of food waste today is a growing global
concern. Recent estimates show that food losses
exceed one billion tonnes each year, contributing
significantly to greenhouse gas emissions, water
depletion, and economic harm [1], [2]. Grocery
retailers and food suppliers are among the largest
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contributors to this problem. Syed et al. [2] estimate
that this sector alone accounts for over 12% of total
global food waste. The challenge is especially acute
for fresh produce and dairy products, where consumer
demand is difficult to predict and shelf life is
inherently short.

Suppliers frequently find themselves holding near-
expiry inventory with no clear or timely sales channel.
Without an effective redistribution mechanism, large
quantities of still-edible food are discarded simply
because they are approaching their best-before date.
At the same time, smaller vendors—such as local cafes
and restaurants—struggle to source affordable, high-
quality fresh ingredients due to budget constraints and
limited procurement channels. This mismatch creates
a two-sided problem: financial losses for large
suppliers and restricted food access for smaller buyers.

Many existing solutions focus on consumer-facing
food rescue, such as apps connecting restaurants to end
customers, but largely overlook the upstream B2B
segment where waste volumes are considerably larger.
NearFresh fills this gap by providing a B2B platform
that combines Al-driven spoilage prediction with real-
time dynamic pricing, enabling large suppliers to sell
near-expiry inventory before it becomes waste. The
platform benefits all parties: suppliers recover
revenue, vendors gain access to quality products at
lower prices, and the broader food system becomes
more efficient and sustainable.
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IL. FOOD WASTE DISTRIBUTION AND
CAUSES ANALYSIS

To better understand the scale and root causes of food
waste in the food service industry, key statistical
findings were analyzed and visualized. As shown in
Fig. 1, a significant share of global food production is
lost or wasted: 13% is classified as food loss before
reaching retailers (occurring during production, post-
harvest handling, and processing), and 17% is
classified as food waste at the retail, food service, and
consumer levels. This distribution reveals that a
substantial portion of waste occurs near the end of the
supply chain, which is precisely where an intervention
platform like NearFresh can be most impactful.

Global Food Distribution

Food Waste (17%)

Food Loss (13%)

Consumed (70%)

Fig. 1. Global Food Waste Distribution

At the operational level, restaurants and food service
establishments contribute heavily to this problem. As
shown in Fig. 2, the primary causes of food waste in
restaurants include: over-purchasing driven by poor
demand forecasting (25%), spoilage due to improper
storage conditions (20%), overproduction in kitchen
operations (30%), and plate waste where diners leave
approximately 17% of their food uneaten.
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Fig. 2. Major Causes of Food Waste in Restaurants.
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Among these factors, overproduction and over-
purchasing emerge as the leading contributors,
together accounting for more than half of restaurant-
level food waste. These findings highlight critical gaps
in demand forecasting and inventory management
across the food service sector. NearFresh directly
addresses these inefficiencies by providing suppliers
with Al-driven expiry predictions and offering buyers
real-time discount signals, encouraging timely
purchasing decisions that reduce overstock and
minimize spoilage-driven disposal.

I1I. LITERATURE REVIEW

A growing body of research supports the use of
artificial intelligence and adaptive pricing strategies to
reduce food loss throughout the supply chain. Ozcil [1]
highlights that major retailers, including Walmart and
Tesco, are actively deploying machine learning
models to optimize inventory flow and reduce
overstock. Platforms such as Wasteless have
demonstrated that perishable-specific dynamic pricing
can meaningfully influence consumer purchasing
behavior, pulling demand forward before products
expire.

Kayikci et al. [3] examined dynamic pricing in
developing regions where food waste rates can reach
as high as 40% of total production. Their findings
indicate  that data-driven  pricing strategies
significantly improve both supplier profitability and
overall supply chain efficiency. Syed et al. [2] further
emphasize that real-time pricing adjustments are not
merely beneficial but essential for managing
perishable goods, given the rapid and non-linear
nature of shelf-life decay.

Edwards [5] reports concrete industry outcomes,
noting that some grocery retailers achieved up to 80%
waste reduction alongside 50% revenue growth after
implementing Al-driven dynamic pricing systems.
Kolawole et al. [4] stress that organizational agility,
data analytics capability, and digital integration are
key success factors in modern B2B supply chain
ecosystems. Weerasooriya and Kumar [6] provide
foundational machine learning methods for predicting
perishable food expiry dates, which directly inform the
predictive component of NearFresh. Together, this
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body of literature validates the technical approach and
commercial viability of the platform.

IVv. PROBLEM STATEMENT

Large-scale food suppliers currently lack efficient,
technology-driven tools to match surplus near-expiry
inventory with real-time B2B demand. Without
accurate spoilage predictions and automated market
communication, large volumes of still-edible
perishables are routinely discarded, representing both
an environmental and economic failure. At the same
time, smaller food businesses face systemic barriers to
sourcing affordable, high-quality fresh goods due to
fragmented procurement channels and price opacity.

This research is guided by the following central
question: Can an Al-driven B2B platform that
integrates machine learning-based spoilage prediction
with a real-time dynamic pricing engine
simultaneously reduce food waste and increase
economic value for all supply chain participants?

V. RESEARCH METHODOLOGY

A. System Design

NearFresh is architected as a modular, cloud-ready
web application. The frontend is developed in
React.js, providing a responsive, role-based user
interface for both suppliers and vendors. The backend
uses Node.js with Express.js to expose RESTful APIs.
MongoDB serves as the primary database, offering
flexible  document  storage  well-suited to
heterogeneous perishable product data. A dedicated
Python/FastAPI microservice hosts all Al model logic,
keeping machine learning concerns decoupled from
core business logic and allowing each layer to scale
independently.

B. Machine Learning Pipeline

The system employs a two-stage machine learning
pipeline. In Stage 1, an XGBoost regression model
predicts the number of days remaining until a product
expires, based on product type, storage temperature,
humidity levels, packaging type, and historical
spoilage patterns. XGBoost was selected for its strong
performance on structured tabular data, resistance to
overfitting, and computational efficiency in real-time
inference scenarios. In Stage 2, the Dynamic Pricing
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Engine maps expiry predictions to discount tiers:
products with more than 5 days remaining receive no
discount; 3-5 days triggers a 20—40% discount; 1-2
days triggers a 40—-60% discount; and under 24 hours
triggers a 60-80% discount, maximizing the
probability of sale before expiration.

C. Experimental Setup

A synthetic dataset of 500 perishable items across five
product categories—dairy, fresh produce, bakery,
meat, and prepared foods—was generated to simulate
realistic  supplier inventory conditions. Two
experimental scenarios were evaluated: a Static
Pricing Model (baseline), in which prices remain fixed
regardless of expiry proximity, and the NearFresh
Dynamic Pricing Model. Performance was measured
across three metrics: total waste volume (units unsold
at expiry), average sales velocity (units sold per day),
and gross revenue generated per simulation cycle.

VL SYSTEM ARCHITECTURE &
IMPLEMENTATION

The NearFresh platform is organized into four primary
architectural layers. The Client Layer presents two
distinct dashboards: a Supplier Dashboard through
which producers manage inventory listings, set
product details, and receive expiry alerts; and a
Vendor Dashboard through which buyers browse the
marketplace, view real-time pricing, and place orders.

The API Layer, built with Express.js, enforces role-
based access control using JSON Web Tokens (JWT)
and routes all client requests to the appropriate service
handlers. The AI/ML Layer is deployed as an
independent  FastAPI  microservice, exposing
prediction endpoints that the backend queries
asynchronously to minimize response latency. The
Database Layer uses MongoDB collections to store
product metadata, expiry predictions, transaction
records, and user data, with indexing strategies
optimized for time-sensitive queries.

Key platform features include: real-time expiry
countdown timers that create a sense of urgency for
buyers; color-coded freshness indicators (green,
amber, red) that communicate product status at a
glance; push notifications alerting vendors when high-
value discounted inventory becomes available; and a
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supplier-facing analytics module providing waste
reduction metrics and revenue impact reports.

VIL RESULTS AND DISCUSSION

Simulation results demonstrate strong performance
improvements with the NearFresh dynamic pricing
model compared to the static baseline. The dynamic
model achieved a 50% reduction in food waste (unsold
units at expiry), a 25% increase in total gross revenue,
and a measurably faster inventory turnover rate across
all five product categories tested. These results are
consistent with findings reported in the broader
literature, where Al-driven pricing interventions have
yielded 20-80% waste reduction in real-world
deployments [5].

A key insight from the results is that the financial case
for dynamic pricing is clear: even deeply discounted
sales (at 60—80% off) generate substantially more
revenue than product write-offs. The model confirms
that aggressive discounting in the final 24 hours of
shelf life is the economically rational strategy for
suppliers, recovering value that would otherwise be
entirely lost.

The XGBoost expiry prediction model achieved
strong accuracy on the synthetic dataset, with a Mean
Absolute Error (MAE) of 0.42 days, demonstrating its
suitability for guiding real-time pricing decisions.
Future validation on live operational data from partner
suppliers will be required to confirm generalizability
across different product types and real-world storage
conditions.

From a market dynamics perspective, the vendor-side
benefits of the platform—access to quality inventory
at reduced cost—are expected to drive strong buyer
adoption, creating a self-reinforcing network effect
where greater vendor participation further incentivizes
supplier onboarding. This virtuous cycle is a key
driver of NearFresh's long-term scalability [4].

VIII. CONCLUSION
NearFresh presents a scalable, technically sound, and
commercially viable solution to the global food waste

crisis. By integrating machine learning-based spoilage
prediction, real-time dynamic pricing, and a purpose-
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built B2B marketplace, the platform transforms
surplus perishable inventory from an operational
liability into a recoverable economic and
environmental asset.

This research demonstrates that Al-driven dynamic
pricing is not merely a theoretical concept but a
practically deployable tool that delivers measurable
benefits: reduced waste, increased supplier revenue,
and improved access to quality produce for smaller
food businesses. These outcomes align NearFresh with
the United Nations Sustainable Development Goal
12.3, which targets a 50% reduction in global per-
capita food waste by 2030.

Future work will focus on live pilot deployments with
real supplier partners, integration with IoT-enabled
cold-chain monitoring for enhanced expiry prediction
accuracy, multi-language and multi-currency support
for cross-border B2B transactions, and a mobile-first
vendor application to maximize marketplace
accessibility.
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