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Abstract

The rapid proliferation of single-use plastics has intensified environmental degradation, particularly in emerging
economies such as India. This study develops and evaluates SUSTRAIN, a circular economy-based startup model that
converts agricultural waste into biodegradable food packaging solutions. The research adopts a qualitative exploratory
approach, integrating existing literature with primary data obtained through stakeholder interviews, field observations,
and startup interactions. The findings reveal a strong alignment between market demand and sustainability-driven
innovation, particularly within urban food service ecosystems. Interview-based analysis highlights key challenges,
including inconsistent supply, price sensitivity, and lack of standardized eco-packaging solutions, thereby validating the
proposed business model. The study concludes that agro-waste valorization offers a viable pathway for sustainable
entrepreneurship, addressing environmental concerns while generating economic value.
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1. Introduction

Plastic pollution has emerged as one of the most pressing environmental challenges of the 21st century. The food
packaging sector significantly contributes to this crisis due to its reliance on single-use plastics that offer convenience
but result in long-term ecological damage. In India, rapid urbanization and the expansion of food delivery services have
further intensified demand for disposable packaging.

Simultaneously, India generates substantial quantities of agricultural residues, particularly from sugarcane and banana
cultivation. Much of this biomass is either underutilized or disposed of through open burning, contributing to greenhouse
gas emissions and environmental degradation. This coexistence of waste surplus and material demand creates an
opportunity for circular economy-based solutions.

SUSTRAIN is conceptualized as a startup model that transforms agro-waste into biodegradable packaging products.
This study aims to evaluate the feasibility of such a model by integrating theoretical insights with empirical evidence
from stakeholder interactions.

2. Literature Review

The environmental implications of conventional plastic packaging have been extensively documented. Plastics derived
from fossil fuels are non-biodegradable and persist in ecosystems, leading to severe environmental consequences.
Mahmoud et al. (2022) argue that although consumer awareness regarding eco-friendly packaging is increasing, adoption
remains constrained by cost, accessibility, and perceived product performance.

The circular economy framework offers a sustainable alternative by promoting resource efficiency and waste
minimization. According to the Ellen MacArthur Foundation (2023), circular systems are designed to eliminate waste
and ensure materials are continuously reused or returned safely to the environment. Agro-waste-based packaging aligns
with this biological cycle by converting renewable biomass into compostable products.
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Recent material science research highlights the technical feasibility of agro-waste utilization. Kossalbayev et al. (2025)
emphasize that agricultural residues such as sugarcane bagasse and wheat straw possess high cellulose content, making
them suitable for biodegradable packaging. Similarly, Gurunathan et al. (2025) demonstrate that starch-based bioplastics
derived from agricultural waste can effectively replace petroleum-based plastics in packaging applications.

From a structural standpoint, Hossam and Fahim (2023) confirm that sugarcane bagasse exhibits favorable mechanical
properties and can be processed into durable biodegradable products. Palanisamy et al. (2024) further establish that
combining bagasse with starch improves thermal stability and mechanical strength, enhancing its application in food
packaging.

In addition to technological feasibility, cost and commercialization aspects have been explored. Adeyemo et al. (2024)
highlight that corn-based bioplastics can be produced cost-effectively with optimized processes, thereby improving
market viability. Similarly, Prakesh et al. (2025) demonstrate that hybrid materials combining cellulose and starch
significantly improve durability while maintaining biodegradability.

Despite these advancements, adoption challenges persist. Koul et al. (2025) identify issues such as inconsistency in raw
material quality, scalability constraints, and lack of standardization as barriers to large-scale implementation. These
challenges are particularly relevant in emerging markets like India.

From a behavioral perspective, Lukiyanto et al. (2024) and Rakesh et al. (2024) highlight that while environmental
awareness is increasing among consumers and businesses, actual adoption of eco-friendly packaging depends on
affordability, reliability, and ease of use.

Importantly, Begum et al. (2025) provide critical insights into the Indian context by examining consumer awareness and
adoption of eco-friendly packaging solutions. Their study finds that although awareness levels are relatively high, actual
behavioral adoption remains moderate due to price sensitivity and lack of consistent supply. The study also emphasizes
that trust, product quality, and accessibility play a decisive role in influencing purchasing decisions. These findings
directly support the need for standardized, affordable, and reliable sustainable packaging solutions, as proposed in the
SUSTRAIN model.

Overall, the literature establishes that while agro-waste-based packaging is technically feasible and environmentally
beneficial, its success depends on integrating material innovation with market-driven business models that address cost,
quality, and supply chain challenges.

3. Methodology

This study adopts a qualitative exploratory research design to assess the feasibility of sustainable packaging solutions in
the Indian context. Primary data were collected through semi-structured interviews with farmers, PG owners, restaurant
operators, and startup founders. These interviews provided insights into supply chain dynamics, market demand, and
operational challenges.

Field visits to agricultural sites and small processing units enabled direct observation of waste generation and disposal
practices. Additionally, interactions with startup practitioners provided practical insights into customer expectations,

service consistency, and market behavior.

Secondary data were sourced from academic literature, policy documents, and industry reports. Analytical frameworks
such as the Business Model Canvas and Value Proposition Canvas were used to interpret findings.

4. Findings and Analysis

The findings indicate that agricultural waste represents a significant yet underutilized resource. Farmers reported that
residues such as bagasse and banana stems are often discarded or burnt, incurring disposal costs. However, they

© 2026, IJSREM | https://ijsrem.com | Page 2


https://ijsrem.com/

L2 1Y

4 i

§ TISREM 3] . . iy . . .

hecemn 7 International Journal of Scientific Research in Engineering and Management (IJSREM)
w Volume: 10 Issue: 03 | March - 2026 SJIF Rating: 8.659 ISSN: 2582-3930

expressed willingness to supply these materials if a reliable procurement mechanism is established. This supports the
circular economy principle of transforming waste into value.

Market-side interviews reveal a growing demand for sustainable packaging solutions. Restaurant operators, PG owners,
and small businesses acknowledged increasing pressure from consumers and regulations to adopt eco-friendly
alternatives. However, their decisions are primarily influenced by operational considerations rather than environmental
concerns.

A key theme emerging from the interviews is dissatisfaction with existing biodegradable packaging products.
Respondents highlighted issues such as inconsistent quality, leakage, and unreliable supply. These findings align with
previous studies (Lukiyanto et al., 2024) and indicate a clear gap in the market.

Price sensitivity remains a critical barrier. Small businesses operate under tight margins and prioritize cost over
sustainability. Even environmentally conscious consumers and businesses are reluctant to adopt eco-friendly alternatives
if they are significantly more expensive. This reflects the intention—behavior gap identified in sustainability literature.

Insights from startup interactions emphasize the importance of service consistency and reliability. Businesses prefer
suppliers who can provide standardized products with uninterrupted availability. The introduction of subscription-based
supply models addresses this concern by ensuring predictable delivery and inventory management.

Additionally, digital presence and word-of-mouth marketing were identified as key drivers of adoption. Trust and
credibility play a crucial role in the acceptance of sustainable products, particularly in early-stage markets.

5. Discussion

The findings highlight the intersection between sustainability theory and practical business challenges. While circular
economy models provide a strong conceptual foundation, their success depends on addressing market realities such as
cost constraints, supply chain efficiency, and product performance.

SUSTRAIN’s proposed model integrates these elements by combining agro-waste sourcing with standardized
production processes and subscription-based distribution. This approach enhances operational reliability and reduces
uncertainty for customers.

From a managerial perspective, the study underscores the importance of aligning sustainability with value creation.
Businesses must focus on delivering functional benefits—such as durability and affordability—alongside environmental
advantages to drive adoption.

6. Conclusion

This study demonstrates that agro-waste-based packaging solutions are both environmentally necessary and
economically viable. By leveraging circular economy principles, SUSTRAIN provides a scalable model that addresses
plastic pollution while creating economic value from agricultural waste. The research highlights that successful adoption
of sustainable packaging depends on addressing key challenges related to cost, quality, and supply consistency. By
integrating these factors into its business model, SUSTRAIN positions itself as a viable solution in the transition toward
sustainable production systems.

7. Limitations and Future Scope

The study is limited by its qualitative nature and localized data. Future research can incorporate quantitative methods to
assess consumer willingness to pay and validate findings across broader markets.
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Further exploration of advanced materials, such as bio-coatings and edible packaging, can enhance product functionality
and expand their application areas.
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