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Informal waste management systems play a critical role in recycling across the Global South, particularly in India, 

where they account for a substantial share of material recovery (Cottom et al., 2024). Millions of informal 

actors─including waste pickers, itinerant buyers (kabadiwalas), aggregators and small-scale recyclers─collect, 

sort, trade, and process recyclable materials that would otherwise end up in landfills or the environment. Estimates 

suggest that informal systems are responsible for recovering between 30-60% of recyclable plastic waste in Indian 

cities (Sharma et al., 2019), while also providing livelihoods to some of the most economically marginalised 

populations (Marello and Helwege, 2018). As such, the informal recycling sector is central to both environmental 

sustainability and socio-economic equity.  

 Despite this importance, policy interventions targeting waste management in India─such as formalisation 

initiatives or subsidies─are often designed with limited quantitative understanding of how informal markets 

function in dynamic systems. Existing policy approaches frequently prioritize material recovery targets or formal 

sector integration, while underestimating potential distributional consequences for informal workers. A key 

challenge lies in the lack of system-level, quantitative tools capable of capturing the complex interactions between 

economic incentives, material flows, and heterogeneous actors operating under informal conditions.  

 The academic literature reflects this gap. While numerous qualitative and empirical studies document the 

social, economic, and labour dimensions of informal waste work (Hidalgo-Crespo et al., 2023; Kala and Bolia, 

2024), relatively few studies provide dynamic, quantitative models that integrate real economic data with 

behavioural mechanisms. Existing modelling efforts in waste management─such as system dynamics or 

optimization models─tend to focus on formal systems and often abstract away from informal market structure 

(Dianati et al., 2021; Sheriff et al., 2017). Agent-based models (ABMs), though increasingly applied in 

environmental and resource systems, rarely incorporate empirically grounded price, wage and flow data from 

informal recycling contexts. 

 This study addresses these gaps by developing an empirically grounded ABM of India’s informal plastic 

recycling system. The objective is to simulate for alternative policy interventions influence both recycling 

efficiency and economic equity across actors. Specifically, the study asks: (i) how do different policy 

interventions─such as subsidies, education and training, or formalisation incentives─affect overall recycling 

performance and (ii) what trade-offs emerge between material recovery efficiency and the distribution of economic 

benefits among informal actors? By quantifying these trade-off, the study contributes a robust analytical 

foundation for designing circular economy policies in developing-country contexts.  

 The model is grounded in empirical data collected during two field studies conducted in Rajasthan, India, 

in 2024 and 2025. Rajasthan, located in north-western India, is characterised by a predominantly rural population 

and limited formal waste management infrastructure, making informal systems particularly prominent. Material 

flow and economic data were collected through fieldwork focusing on plastic packaging waste (PET, LDPE, 

HDPE, PP, PVC and multilayer films). Data on waste composition, recycling flows, and formal waste management 

practices were collected in rural and semi-urban areas. This was complemented by targeted data collection on 

informal recycling activities, including collection, sorting, and recycling stages.  

 Structured interviews were conducted with waste pickers, kabadiwalas, aggregators, and recyclers to obtain 

quantitative data on buy and sell prices, traded quantities, operational costs, and profit margins. Additional 

interviews with municipal waste management officials were used to define system boundaries and validate 

observed flows. Rural household waste data were collected from 23 households in settlements with fewer than 

5,000 inhabitants, following national classification standards. Household waste was collected over one week, 

characterised by material type, and supplemented with socio-economic questionnaires addressing income, disposal 

practices, and willingness to pay for collection services. The observed recycling rate used for model calibration 

was approximately 41%. 

 An ABM was developed following the ODD (Overview, Design concepts, Details) protocol (Grimm et al., 

2020). The model includes heterogeneous agents representing waste pickers, kabadiwalas, aggregators, traders, 

mailto:alexandra.schmuck@ugent.be


 

 

and recyclers, embedded in an environment where materials and financial resources flow through market 

transactions. Agents interact through buying and selling recyclable materials, with decision rules based on prices, 

costs and expected profits.  

 Key model parameters─including recycling yields, processing costs, and price margins─were derived 

directly from field data. The model tracks material flows, agent incomes, and system-level indicators over time. 

Calibration was performed by adjusting parameters to reproduce observed baseline recycling rates and economic 

outcomes. Four scenarios were simulated: a baseline scenario with no policy intervention, and three alternative 

policy interventions representing common approaches in informal waste governance (e.g. price subsidies, 

education and training, and formalization support). Policies were implemented by modifying price structures, 

transaction rules, or access conditions within the model.  

 Simulations were run over multiple time steps with stochastic variations, using repeated runs to ensure 

robustness. Output variables included recycling rates, agent profit margins, income distribution, and system 

stability indicators. Baseline results were validated against empirical recycling rates.  

 Baseline simulations reproduced observed recycling rates and income distributions reasonably well, 

supporting the model’s empirical validity. Policy interventions produced distinct and sometimes counterintuitive 

outcomes. While some interventions increased overall recycling rates by up to 15%, they simultaneously reduced 

average incomes for waste pickers or increased income inequality. In contrast subsidy-based interventions tended 

to produce more balanced outcomes, modestly improving recycling performance while preserving or enhancing 

equity. 

 Trade-off analysis revealed clear efficiency-equity tensions. Policies that strengthened upstream market 

power or favoured aggregation often improved material recovery at the expense of informal collectors. Sensitivity 

analysis showed that these outcomes were robust across a wide range of parameter values, though highly sensitive 

to rural sorting increases and processing yields. These finding highlight the importance of accounting for market 

structure and behavioural responses when designing waste policies. Interventions that ignore dynamics risk 

undermining livelihoods, even when environmental goals are met.  

 This study demonstrates how an empirically grounded ABM can be used to quantitatively assess policy 

trade-offs in informal recycling systems. Results show that formalisation or efficiency-oriented interventions alone 

may fail to deliver equitable outcomes, while carefully designated subsidies, or hybrid approaches can balance 

recycling performance with social equity. By revealing system-level feedbacks and distributional effects, the 

model provides a valuable tool for informing circular economy policies in informal contexts. Future work should 

incorporate richer behavioural rules, participatory policy design with informal workers, and extensions to other 

waste streams.  
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