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Abstract 

The rapid escalation of plastic waste generation in India has necessitated stringent policy interventions 

and innovative governance strategies. Recent legislative updates, notably the sweeping amendments to 

the Plastic Waste Management (PWM) Rules, have introduced comprehensive bans on single-use 

plastics and mandated Extended Producer Responsibility (EPR) for manufacturers. However, enforcing 

these environmental regulations across a geographically vast and administratively diverse nation 

presents significant logistical and data-centric challenges. This paper explores the intersection of recent 

environmental policymaking and technological integration, proposing a novel, data-driven framework to 

monitor regulatory compliance. By leveraging machine learning and federated governance architectures, 

this study provides a comprehensive roadmap for tracking waste generation, ensuring corporate 

accountability, and ultimately mitigating the adverse climatic impacts associated with plastic pollution. 
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Introduction 

The proliferation of plastic pollution has emerged as one of the most critical environmental crises facing 

India today, directly contributing to broader climate change parameters and ecosystem degradation. In 

response, the Ministry of Environment, Forest and Climate Change has recently overhauled the Plastic 

Waste Management Rules to enforce stricter compliance mechanisms. Central to these advances is the 

operationalization of Extended Producer Responsibility (EPR), which mandates that producers, 

importers, and brand owners assume financial and operational responsibility for the end-of-life 

management of their plastic packaging. These legislative amendments represent a paradigm shift from 

passive waste disposal to active circular economy principles. Consequently, evaluating the efficacy of 

these rules requires a deep understanding of both the legal mandates and the systemic hurdles involved 

in their implementation. 

Despite the ambitious nature of the recent PWM amendments, the scope of the problem extends far 

beyond the mere drafting of policy. The problem definition centers on the severe enforcement gap 

between national legislative intent and decentralized municipal execution. Monitoring compliance 

requires tracking millions of tons of plastic across complex supply chains, from initial manufacturing to 

post-consumer recycling. The scope of this paper is to critically analyze the bottlenecks in current 

compliance tracking systems and to conceptualize a technological architecture capable of addressing 

these regulatory blind spots. 

Currently, existing approaches to enforcing plastic waste management rules are fundamentally 

insufficient for several key reasons. First, data reporting at the municipal level remains largely manual, 

siloed, and highly unstructured, which prevents central environmental boards from accessing real-time 

compliance metrics. Second, the governance strategy is highly fragmented across different state 
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jurisdictions, lacking a unified technological architecture to synchronize enforcement efforts and track 

interstate plastic movement. These systemic deficiencies allow non-compliant entities to exploit 

regulatory loopholes, thereby undermining the primary objectives of the EPR framework. 

To address these critical enforcement gaps, this paper proposes a modern, socio-technical approach to 

environmental governance. Specifically, the contributions of this paper are: 

• We formulate a federated data architecture tailored to the automated monitoring of plastic waste 

management regulations across diverse Indian states. 

• We outline a machine learning-based evaluation plan designed to predict waste generation trends and 

systematically assess the efficacy of corporate Extended Producer Responsibility compliance. 

 

Related Work 

Environmental Monitoring and Climate Impact Prediction 

The first relevant category of literature focuses on the utilization of predictive analytics to understand 

changing environmental and climate parameters. Researchers have successfully applied machine 

learning algorithms to analyze historical data concerning greenhouse gas emissions, forest area 

reduction, and extreme climate events in India (Wamanse & Patil, 2022). The core idea of these 

approaches is to model complex, multi-variable environmental phenomena to forecast future ecological 

threats. While a major strength of these models is their ability to handle large-scale macro-

environmental data, a significant weakness is their frequent omission of localized, solid waste 

management metrics as primary independent variables. In comparison to these macro-level climate 

studies, our work directly bridges the gap by modeling plastic waste generation as a critical localized 

parameter that subsequently influences broader environmental degradation. 

 

Unstructured Data Extraction in Public Reporting 

The second category involves the automated parsing and extraction of unstructured data from 

government and public health bulletins. Previous initiatives in India have demonstrated that essential 

public data often exists in unstructured PDF formats or images, requiring a combination of classical 

parsers and machine learning to make the data accessible at scale (Agarwal et al., 2021). The core idea is 

to transform manual, volunteer-driven data curation into automated, scalable pipelines. The strength of 

this approach is its ability to rapidly digitize localized reports without altering the existing administrative 

workflows, though it sometimes struggles with highly variable document layouts (Agarwal et al., 2021). 

This paper adopts a similar methodological philosophy, applying unstructured document parsing 

techniques to municipal solid waste logs and local EPR compliance certificates, thereby automating the 

extraction of vital environmental data. 

 

Federated Architectures for Sector-Led Governance 

The third category of related work examines governance frameworks designed to unify sector-led policy 

strategies without stifling local innovation. Recent scholarship on Indian digital policy has proposed 

federated, "whole-of-government" architectures to mitigate the risks of policy fragmentation and data 

silos (Agarwal & Nene, 2026). The core idea is to establish a centralized standard for data exchange 

while allowing individual sectors or states to manage their localized operations independently. A key 

strength of federated architectures is their promotion of standardized incident reporting and cross-

sectoral analysis, though they demand high initial coordination (Agarwal & Nene, 2026). Our work 
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draws direct inspiration from these digital governance models, proposing a similarly federated structure 

for national plastic waste management to ensure that state-level pollution control boards can seamlessly 

share EPR compliance data with the central government. 

 

Method/Approach 

To overcome the challenges of monitoring the updated Plastic Waste Management rules, we propose the 

Federated Plastic Waste Compliance Framework (FPWCF). The framework operates through three 

primary modules designed to capture, aggregate, and analyze waste data. The first module is the 

Automated Data Ingestion engine, which utilizes optical character recognition and natural language 

processing to digitize unstructured waste manifests from municipal bodies. The second module is the 

Federated EPR Tracking ledger, which standardizes the extracted data into a unified national schema 

while keeping the raw data hosted on localized state servers. The third module is the Predictive 

Analytics dashboard, which applies time-series forecasting to anticipate plastic waste accumulation in 

specific geographic zones. 

The key design choices in the FPWCF are heavily influenced by the need to balance national oversight 

with municipal autonomy. A federated architecture was explicitly chosen over a monolithic centralized 

database because local municipalities in India vary drastically in their technological readiness and waste 

categorization methods. By allowing states to maintain their localized repositories, the system lowers the 

barrier to entry while ensuring that only standardized, aggregated compliance metrics are transmitted to 

the central dashboard. Furthermore, the integration of machine learning for predictive analysis was 

selected to shift the regulatory approach from a reactive penalty system to a proactive resource 

allocation strategy. 

To validate the proposed framework, we outline a comprehensive evaluation plan based on a 

hypothetical benchmark dataset termed "Ind-Plastic-Track." This simulated dataset will contain three 

years of daily unstructured waste logs, EPR registration certificates, and localized recycling rates across 

50 diverse Indian municipalities. The evaluation will measure the automated parsing module's precision 

and recall in extracting corporate entity names and plastic tonnage. Additionally, we will evaluate the 

predictive module using linear, exponential, and polynomial regression techniques to forecast waste 

generation for upcoming years, assessing model accuracy via Root Mean Square Error (RMSE) metrics 

(Wamanse & Patil, 2022). 

The operational flow of the FPWCF follows a highly structured, numbered pipeline to ensure seamless 

integration. 

1. Data Collection: Local authorities upload daily PDF and image-based waste collection manifests to 

state portals. 

2. Parsing and Extraction: The ingestion module automatically identifies and extracts critical variables, 

such as plastic type, weight, and assigned producer responsibility tags. 

3. Federated Aggregation: State nodes securely compute the compliance ratios of registered brands and 

transmit these summary statistics to the national environmental registry. 

4. ML Forecasting: The central analytics engine processes the aggregated historical data to predict 

regional plastic waste burdens and identify potential compliance failures for the next fiscal quarter. 

 

Discussion 

The practical implications of deploying the FPWCF across India are substantial and require careful logi- 

http://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

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

 

IJFMR260274631 Volume 8, Issue 2, March-April 2026 4 

 

stical planning. Implementing this architecture necessitates significant capacity building and 

technological upskilling within local municipal bodies, many of which currently operate entirely on 

paper-based workflows. State governments would need to incentivize the digitization of recycling 

facilities to ensure the data fed into the ingestion module is relatively consistent. However, once 

operational, this system would drastically reduce the administrative overhead required for environmental 

audits, allowing regulators to focus their physical inspections on high-risk regions identified by the 

predictive models. 

Despite its potential, the proposed framework possesses several limitations and failure modes that must 

be acknowledged. First, the automated parsing module is highly susceptible to failure if municipal 

workers rely on illegible handwritten logs, which current optical character recognition technologies 

struggle to decode accurately. Second, the federated architecture depends heavily on consistent digital 

infrastructure; intermittent internet connectivity in rural or peri-urban areas could lead to severe 

synchronization delays and incomplete national datasets. Third, the machine learning forecasting models 

may inadvertently overfit to urban waste patterns, leading to highly inaccurate predictions when applied 

to rural regions with fundamentally different consumption habits. 

Furthermore, the deployment of such a comprehensive tracking system introduces specific ethical 

considerations and regulatory risks. Algorithmic bias in compliance scoring could unfairly penalize 

small and medium enterprises (SMEs) that lack the resources to fully digitize their supply chains, 

categorizing them as non-compliant simply due to reporting friction (Agarwal & Nene, 2025). 

Additionally, there are significant privacy and corporate espionage risks, as the aggregated data could 

inadvertently expose proprietary manufacturing volumes or strategic supply chain partnerships if the 

federated network's encryption protocols are compromised. 

Future work should explore deeper integrations of advanced technologies to bypass the reliance on 

municipal manual reporting entirely. One promising avenue for future research is the incorporation of 

autonomous satellite imagery analysis to proactively detect illegal plastic waste dumping sites and 

correlate them with regional compliance scores. Another vital direction involves investigating the use of 

decentralized blockchain networks to create an immutable, transparent ledger for the trading and 

verification of EPR certificates among corporations, thereby eliminating the possibility of fraudulent 

compliance reporting. 

 

Conclusion 

The recent amendments to India's Plastic Waste Management rules mark a crucial turning point in the 

nation's environmental governance, embedding the principles of Extended Producer Responsibility 

firmly into law. However, as this paper highlights, legislative ambition is inherently limited by the 

infrastructural capacity to monitor, enforce, and analyze compliance data across a massively 

decentralized administrative landscape. By proposing the Federated Plastic Waste Compliance 

Framework, we have outlined a socio-technical pathway that leverages unstructured data parsing, 

federated digital governance, and machine learning to bridge the gap between policy and practice. 

Ultimately, solving the plastic pollution crisis in India demands more than just statutory bans; it requires 

continuous, data-driven vigilance. The integration of advanced technological architectures into 

environmental policymaking ensures that regulations are not only enforceable but also adaptable to 

shifting ecological realities. As India continues to balance rapid industrial growth with sustainability, 
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frameworks like the one proposed herein will be indispensable in fostering a transparent, accountable, 

and highly efficient circular economy. 
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