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Abstract

The agricultural sector in India produces substantial quantities of waste arising from both routine farming
activities and post-harvest operations. Conventional disposal methods, particularly open-field burning of
crop residues, impose significant environmental and public health burdens. Although circular economy
principles offer theoretically viable pathways for transforming such waste into economically productive
resources, smallholder farmers are systematically excluded from existing digital platforms owing to
challenges related to market access, pricing opacity, and logistical barriers. This paper proposes a web-
based digital marketplace, designated as the Farm Waste Upcycler, intended to facilitate structured
commercial interactions between agricultural waste generators and upcycling enterprises. The platform,
currently in the development phase, incorporates modules for waste inventory management, market-driven
pricing, logistics scheduling, and secure digital transaction processing. The system architecture follows a
three-tier model employing React with TypeScript at the presentation layer, Node.js with Express.js at the
application logic layer, and PostgreSQL with Prisma ORM at the data persistence layer. A pilot-study-
based evaluation strategy is concurrently formulated to assess the platform's measurable impact across
economic, environmental, and usability dimensions. The proposed framework contributes to the
advancement of decentralized, technology-mediated agricultural waste valorization aligned with rural
sustainability goals.

Keywords: agricultural waste management; circular economy; digital marketplace; waste valorization;
agri-tech platform; rural sustainability; smallholder farmers

I. INTRODUCTION

India's agricultural sector generates substantial volumes of residual biomass and organic waste as
byproducts of both routine cultivation and seasonal post-harvest operations. According to data from India's
Ministry of Agriculture and Farmers' Welfare [1], the country produces over 500 million metric tons of
crop residue annually, a significant portion of which is disposed of through open-field burning. This
practice contributes substantially to atmospheric particulate matter concentrations, greenhouse gas
emissions, and progressive deterioration of soil organic content [2]. Pathak et al. [5] estimate that rice and

[JFMR260376538 Volume 8, Issue 3, May-June 2026 1



http://www.ijfmr.com/

m International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

wheat residue burning in India releases approximately 149 Tg of CO2 equivalent per year, representing a
major avoidable source of greenhouse gas emissions.

Despite the availability of regulatory frameworks intended to curb residue burning, enforcement at the
grassroots level remains inconsistent. Smallholder farmers—who constitute a majority of the agricultural
workforce in rural India—often lack economically viable disposal alternatives and are therefore compelled
to resort to burning as the most cost-effective option [6]. Shyamsundar et al. [6] argue that addressing this
behavior requires the simultaneous provision of economic incentives and accessible alternative channels,
rather than purely punitive regulatory approaches. The fundamental challenge lies not in the absence of
technical solutions, but in the absence of accessible, farmer-centric platforms that bridge the gap between
waste generators and potential buyers or processors.

The circular economy paradigm offers a conceptually robust framework for reorienting agricultural waste
from a liability into a productive resource [7]. Agricultural residues, organic by-products, and biomass
can serve as feedstocks for composting, bioenergy generation, construction material production, and
various rural micro-industrial processes. Korhonen et al. [7] emphasize that the operationalization of
circular economy principles depends critically on systemic enablers—including market infrastructure,
information flows, and stakeholder coordination—all of which are addressed by the proposed platform
design. However, the practical translation of these principles into grassroots adoption requires enabling
infrastructure that addresses supply chain fragmentation, pricing transparency, and logistical complexity
simultaneously.

Existing agri-tech platforms have made notable contributions to improving market access for crop
commodities and agricultural inputs, yet they provide minimal support for agricultural waste
commercialization [8]. Industrial-scale waste-to-energy and biomass processing operations, while
technically capable, typically operate at throughput levels that exclude individual smallholder farmers.
Wolfert et al. [8] identify data interoperability and last-mile connectivity as the foremost barriers to
inclusive digital agriculture, a finding that directly informs the design priorities of the proposed system.
Government-led schemes addressing agricultural waste often lack the technological sophistication
required for real-time coordination and user engagement at scale [4].

To address these identified gaps, this paper proposes a dedicated digital platform designated as the Farm
Waste Upcycler. The system is designed to enable structured, direct commercial interactions between
agricultural waste producers and waste-processing or upcycling enterprises through a purpose-built web-
based marketplace. The platform accommodates both low-volume routine agricultural waste and high-
volume seasonal post-harvest residues within a unified transactional ecosystem.

A. Contributions of This Work

The primary contributions of this paper are as follows:

e A scalable, modular digital framework for agricultural waste valorisation that accommodates
heterogeneous waste streams—both routine and post-harvest—within a unified marketplace
architecture.

e A structured pilot-study-based evaluation methodology specifying quantitative and qualitative metrics
for assessing economic benefit, environmental impact, and usability in rural agricultural contexts.
The remainder of this paper is organized as follows: Section II surveys related literature concerning
agricultural waste management and digital agri-tech systems. Section III describes the proposed system
architecture and research methodology. Section IV presents projected evaluation outcomes and the
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hypotheses to be examined during pilot implementation. Section V discusses anticipated implications and
limitations, and Section VI concludes the paper with directions for future research.

II. RELATED WORK

Research pertaining to agricultural waste management spans three broadly interconnected domains: the
application of circular economy principles to agricultural systems, the documented environmental
consequences of conventional residue disposal, and the emergence of digital platforms in agricultural
supply chain management.

A. Circular Economy in Agricultural Contexts

Velasco-Muioz et al. [3] provide a comprehensive examination of strategic models for waste-to-resource
transformation in agriculture, demonstrating the viability of circular economy approaches in terms of
resource efficiency improvement and environmental impact reduction. Their analysis, however, is
predominantly concerned with institutional and policy-level interventions rather than the technology-
mediated implementation mechanisms required to bring smallholder farmers into the value chain. Paritosh
et al. [9] further document the technical feasibility of converting agricultural residues into biogas and
biofertilizers, establishing the commercial value latent in waste streams that are currently disposed of
without economic return. Similarly, related works in this area tend to adopt an industrial or organizational
perspective, leaving a substantive research gap regarding the development of accessible digital tools for
rural agricultural communities.

B. Environmental Impact of Crop Residue Burning

The adverse environmental effects of open-field crop residue burning are thoroughly documented in both
scientific literature and governmental reporting. Satellite-based observations by NASA [2] have captured
the seasonal extent of smoke plumes attributable to agricultural burning across northern India, providing
visual confirmation of the scale of the problem. Studies consistently identify crop residue combustion as
a primary contributor to short-term spikes in fine particulate matter concentrations, elevated carbon
monoxide and nitrous oxide emissions, and measurable reductions in soil fertility arising from the
destruction of organic matter [5]. Kumar et al. [10] further demonstrate that repeated burning episodes
significantly reduce microbial biomass in agricultural topsoil, impairing long-term soil health and crop
productivity. Despite the compelling evidence base, these studies seldom propose technically and
economically feasible alternatives at the individual farmer level.

C. Digital Platforms in Agricultural Markets

The integration of information and communication technologies into agricultural systems has generated a
well-documented body of research. Wolfert et al. [8] provide a comprehensive review of big data
applications in smart farming, demonstrating that digital platforms addressing crop trading, input
procurement, and advisory services can substantially improve price discovery, reduce information
asymmetry, and enhance farmer incomes in diverse contexts. Kshetri [11] further examines blockchain-
based agricultural supply chain platforms, highlighting how distributed ledger technologies can enhance
pricing transparency and reduce fraudulent intermediary practices. However, as noted by The Farming
Insider [4], the extension of these benefits to agricultural waste management remains largely unaddressed,
with existing platforms offering negligible functionality for waste monetization. The non-standardized
nature of agricultural waste—encompassing highly variable materials in terms of moisture content,
physical form, and chemical composition—presents distinct challenges related to quality assessment,
pricing, and logistics that conventional agricultural marketplaces are not designed to resolve.
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D. Gap Analysis

A synthesis of the reviewed literature reveals a consistent and commercially significant gap: the absence
of dedicated, farmer-accessible digital infrastructure that simultaneously addresses waste listing, market-
driven pricing, logistics coordination, and secure payment processing for agricultural waste. Large-scale
waste-to-energy systems require intermediary aggregation that reduces pricing transparency and
diminishes farmer agency [12]. Jha et al. [12] document how intermediary-dependent biomass supply
chains in India routinely extract 30—45% of potential farmer earnings through opacity in pricing and
logistics. Government initiatives, while policy-sound, frequently lack the user-centered design and real-
time responsiveness necessary for sustained grassroots adoption [13]. Sreejith et al. [13] identify interface
complexity and limited mobile optimization as primary deterrents to farmer adoption of government-
sponsored agricultural digital services. The proposed Farm Waste Upcycler framework is specifically
designed to address these gaps through a decentralized, direct-interaction marketplace model.

II1. SYSTEM ARCHITECTURE AND METHODOLOGY

A. System Architecture

The Farm Waste Upcycler platform is architected using a three-tier layered model that promotes separation
of concerns across the presentation, application logic, and data persistence layers. This architectural
approach enhances system maintainability, supports horizontal scalability, and facilitates independent
evolution of each system component.

A.1 Presentation Layer

The frontend interface is implemented using React in combination with TypeScript. TypeScript's static
type system provides compile-time verification of data contracts, reduces runtime error incidence, and
enhances long-term code maintainability—qualities particularly valuable in a system serving diverse user
populations with varying technical literacy levels. The interface provides role-differentiated dashboards:
a Farmer Dashboard enabling waste listing creation, inventory tracking, and transaction monitoring; and
an Upcycler Marketplace facilitating browsing, filtering, and purchase request initiation. The interface is
designed to accommodate both infrequent, high-volume post-harvest listings and frequent low-volume
routine waste entries. All client-server communication is conducted over structured RESTful HTTP
interfaces, ensuring consistent and secure data exchange.

A.2 Application Logic Layer

The backend service is developed using Node.js with Express.js, also implemented in TypeScript to
maintain type consistency across the full stack. The application logic layer exposes a set of RESTful API
endpoints governing core system operations including user account management, waste inventory
lifecycle management, order processing, logistics scheduling, and transaction reconciliation. Access
control is enforced through JSON Web Token (JWT)-based authentication and authorization mechanisms
[14], with role-based access policies differentiating between farmer and upcycler user types. Fielding's
REST architectural constraints [15] informed the API design, ensuring stateless, cacheable, and layered
communication between client and server. The backend follows a layered internal structure comprising
controller, service, and data access components, supporting modular development practices and future
extensibility.

A.3 Data Layer

Persistent data management is implemented using PostgreSQL, a robust and widely adopted relational
database management system. PostgreSQL was selected for its strong ACID compliance, support for
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complex relational queries, and proven scalability in production environments—properties well-suited to
managing structured transactional records, user profiles, and logistics schedules with referential integrity.
Database interactions are mediated through Prisma ORM, a modern type-safe object-relational mapper
that auto-generates TypeScript client code directly from a declarative schema definition. Prisma's schema-
first approach enforces consistency between the data model and application code at compile time,
substantially reducing the risk of runtime data errors and simplifying database migration management as
the platform evolves. The schema encompasses entities for user accounts, waste listings, purchase orders,
logistics assignments, pricing records, and transaction histories.

A.4 System Workflow

Fig. 1 illustrates the end-to-end application workflow of the Farm Waste Upcycler platform, spanning
eight operational phases: user registration, waste listing creation, purchase request submission, price
negotiation, payment processing, logistics coordination, farmer payout, and order closure. The workflow
accommodates three primary actor roles—Farmer, Company (Upcycler), and Logistics Partner—
coordinated through the platform's application logic layer with administrative oversight. Upon successful
delivery confirmation, the platform retains a commission and releases the net payout to the farmer,
completing the transaction lifecycle.

—

Admin

Company
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Fig. 1. End-to-end system workflow of the Farm Waste Upcycler platform.

B. Research Methodology

Given that the Farm Waste Upcycler platform is currently in active development, this section articulates
the intended evaluation strategy rather than reporting completed experimental results. The planned
evaluation employs a pilot study design grounded in mixed-methods data collection, enabling both
quantitative performance measurement and qualitative investigation of user behavior and perception.

The pilot study is proposed for deployment in Nashik district, Maharashtra, India—a region characterized
by diverse agricultural activity and seasonal post-harvest waste generation. The participant sample is
planned to include approximately 50 smallholder farmers and 10 local waste upcycling enterprises.
Participants will be recruited through established local agricultural networks and provided with structured
onboarding and platform orientation prior to data collection commencement.

Quantitative data collection will leverage platform-integrated analytics, capturing metrics including waste
listing volume, transaction completion rates, average waste pricing, total transacted waste mass, and
pickup scheduling adherence. Qualitative data will be gathered through pre-deployment and post-
deployment surveys supplemented by semi-structured interviews with selected participants, targeting
changes in waste disposal behavior, supplementary income generation, and overall platform perception.
The evaluation framework encompasses three primary metric domains: (i) economic impact, measured as
change in supplementary income attributable to waste transactions; (ii) environmental impact, quantified
as the mass of agricultural waste diverted from open-field burning; and (iii) system usability, assessed
through standardized satisfaction scores and task completion metrics. Data analysis will employ
descriptive statistical methods for quantitative outcomes and systematic thematic analysis for qualitative
responses.

IV. EXPECTED RESULTS
This section presents the projected outcomes and testable hypotheses of the proposed pilot study. As the
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platform remains under development, all values and projections discussed herein are directional estimates
grounded in preliminary market observations and existing biomass pricing literature, and are not empirical
experimental findings.

It is hypothesized that the structured availability of a digital marketplace will motivate farmers to shift
from informal or environmentally harmful waste disposal practices toward organized, economically
incentivized waste valorisation. The dual-mode design—supporting both routine low-volume waste and
seasonal high-volume post-harvest residues—is expected to sustain participant engagement throughout
the agricultural calendar rather than restricting utility to specific harvest windows.

Table I presents illustrative projections of key evaluation metrics, compared against anticipated baseline
conditions prior to pilot deployment. These projections are derived from analogous digital marketplace
implementations in related agricultural domains and preliminary consultations with potential platform

users.
TABLE 1. Projected Evaluation Metrics — Baseline vs. Post-Pilot Estimates
Evaluation Metric Baseline (Pre-Pilot) | Projected Post-Pilot Qutcome
Monthly supplementary income | 0 Measurable positive increase via
per farmer (INR) platform-mediated transactions
Agricultural waste diverted per | 0 kg Quantifiable reduction in open-
farmer (kg/month) field burning incidence per
participant

Farmer usability satisfaction score | N/A Mean score projected to exceed 4.0
(scale: 1-5) based on UX benchmarks

Qualitative responses gathered through post-pilot interviews are anticipated to reflect positive farmer
perceptions of transparent pricing mechanisms, automated logistic scheduling, and the elimination of
exploitative intermediary dependencies. These qualitative outcomes would complement and contextualize
the quantitative transaction data, providing a holistic assessment of platform impact.

B. Application Interface Overview

Figs. 2 through 4 present representative screenshots of the Farm Waste Upcycler application interface,
illustrating the primary interaction surfaces available to each user role. Fig. 2 depicts the Farmer
Dashboard, where registered farmers can create and manage waste listings, monitor active orders, and
track transaction histories. Fig. 3 shows the Upcycler Marketplace view, enabling waste-processing
companies to browse available listings, apply filters by waste type or region, and submit purchase requests.
Fig. 4 illustrates the order management and logistics scheduling interface, through which logistics partners
and administrators coordinate pickup assignments and delivery confirmations.

[JFMR260376538 Volume 8, Issue 3, May-June 2026 7



http://www.ijfmr.com/

m International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

@ siotoos i e _—

Direct Sourcing. m— =
Zero Friction. e -

slonal 828 marketplace connecting Wheat Straw v2,900

€30 =
142k MT

figure : Home Page ( https://bio-loop.vercel.app/ )
github link (https://github.com/karand07/BioLoop)

V. DISCUSSION

The projected outcomes of the proposed evaluation study suggest that purpose-built digital infrastructure
for agricultural waste commercialization has meaningful potential to catalyse the adoption of circular
economy practices within smallholder farming communities. By enabling direct, disintermediated
interactions between waste producers and upcycling enterprises, the platform may generate economic
incentives sufficiently compelling to shift entrenched behavioural patterns away from open-field burning.
The architectural decision to support both low-frequency, low-volume routine waste and high-frequency,
high-volume post-harvest residues within a unified system is a strategically significant design
consideration. If validated through pilot implementation, this dual-mode operational model could enable
year-round farmer engagement rather than constraining platform utility to discrete post-harvest windows.
Sustained engagement throughout the agricultural calendar is essential for accumulating the behavioural
changes and trust necessary for long-term platform viability.

Transparent, market-driven pricing mechanisms and structured logistics coordination are hypothesized to
reduce farmer dependence on informal intermediaries, who frequently exploit information asymmetries in
traditional waste disposal arrangements. The platform's payment processing module, which enables direct
digital transfers between transacting parties, further reduces opportunities for value extraction by third
parties and may contribute to improved farmer trust in digital agricultural commerce.

Several implementation challenges are anticipated. Heterogeneous levels of digital literacy within the
target farmer population may impede initial adoption rates and necessitate sustained community-level
support. Connectivity constraints in remote rural areas represent an infrastructural limitation that cannot
be fully resolved through application design alone, though offline functionality and lightweight interface
components may partially mitigate this barrier. The geographic and demographic scope of the proposed
pilot study limits the external validity of its findings, and broader generalization of results would require
multi-region deployments encompassing diverse agro-climatic and socioeconomic contexts.
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Furthermore, the pricing dynamics of agricultural waste markets remain insufficiently characterized in
academic literature, and the platform's initial pricing models—based on preliminary market
observations—may require iterative calibration following real-world deployment. The integration of data-
driven pricing algorithms, incorporating real-time supply-demand signals and commodity price indices,
represents a significant planned enhancement for subsequent platform versions.

VI. CONCLUSION AND FUTURE WORK

This paper has presented the conceptual design and development roadmap for the Farm Waste Upcycler—
a web-based digital marketplace intended to facilitate structured, economically incentivized agricultural
waste transactions between smallholder farmers and upcycling enterprises. The proposed platform
addresses a well-documented but underserved gap in the agri-tech ecosystem: the absence of dedicated,
accessible digital infrastructure for agricultural waste valorisation.

The system's three-tier architecture, comprising React/TypeScript at the presentation layer,
Node.js/Express.js at the application logic layer, and PostgreSQL with Prisma ORM at the data persistence
layer, provides a technically sound foundation for scalable, maintainable, and extensible platform
development. The concurrently proposed pilot-study-based evaluation methodology establishes a rigorous
framework for empirical assessment of the platform's economic, environmental, and usability impacts
upon deployment.

Future research and development efforts will concentrate on completing the platform build and executing
the planned pilot study in Nashik district, Maharashtra. Planned enhancements to subsequent platform
iterations include the integration of machine learning-based dynamic pricing mechanisms, enhanced
logistics route optimization, and progressive expansion to additional agricultural regions through
partnerships with rural cooperatives and state agricultural agencies. Cross-platform mobile application
development is also under consideration to extend platform accessibility to users with limited desktop
computing access. Longitudinal studies following pilot completion will be necessary to assess behavioral
persistence and sustained environmental impact across multiple agricultural seasons.
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