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ABSTRACT

India has an abundance of solar energy to a tune of around 750 GW. Hence, the technology
that converts sunlight into electricity and its ecosystem, which is dominated by solar
photovoltaic (PV), will probably rule the future. In the recent past, technological advances in
the solar PV sector have accelerated, leading to managerial problems for end-of-life (EOL)
disposal of solar PV e-waste. EOL panels’ waste management and secondary raw material
extraction become important to conserve resources and reduce production costs. Developed
countries like the US, Germany, Japan, and many others have already started emphasizing on
solar photovoltaic e-waste, whereas India is focussing only on photovoltaic panel installations
with little concern on e-waste. In this research, an empirical estimation shows that solar PV

installations in India will generate 347.5 GW by 2030.

The present research deals with the circular economy (CE), circular supply chain (CSC), and
electronic waste management with a special focus on solar panel waste and their balance of
system (BOS). Firstly, this study undertakes an assessment of the magnitude of the issue in
India, using a forecasting model that projects the amount of waste generated by EOL solar PV
panels and its balance of system (BOS) using the Weibull reliability function for panel failure.
The study also estimates the amount of raw material recovered after recycling to contribute to
the circular economy of EOL PV. The present research discussed establishing a monitoring
system to handle this much e-waste, for which immediate efforts are required to develop a

dedicated circular economy-based reverse supply chain for PV e-waste.

In continuation, for the strategic management of EOL solar PV e-waste generated in developing
countries like India, the economy and weight share of twenty-one metals present in the solar

PV systems have been discussed in the research. In the next objective, the research provides an



architectural framework for the realistic management of EOL solar PV using the CE concept.
Research focuses on developing an organized recycling infrastructure in India for EOL e-waste,
with a special focus on twenty-one metals present in EOL solar PV and its balance of systems
(BOS) using the Pareto analysis, Criticality analysis, Material flow analysis, and Gravity. The
research used material-flow-analysis for managing the e-waste as per the requirement of the
circular economy for designing recycling, remanufacturing, refurbishing (RRR) strategy, and

assessment of resource-efficient regulations.

In the next objective, the operational decisions in the management of solar panel e-waste are
analysed by the identification and categorization of operational inhibitors for EOL solar PV
management. Interrelationships among operational inhibitors to CE-based e-waste
management in emerging economies established using grey DEMATEL technique. A multi-
stakeholder perspective for End-of-life solar PV used is in decision making. Further, an Agent-
Based circular economy business model (CEBM) for applying CE concepts in revere SC
management of EOL e-waste has been developed. The study redefines the role of Producer
responsibility organizations (PRO) as developing countries do not have producers in the
country. The CEBM was validated by applying real-world data in three different scenarios and
by cost-benefit analysis. The research proposes a policy change insight in the Extended
producer responsibility (EPR) scheme, where the producer must also be responsible for RRR

of EOL e-waste in addition to recycling in developing countries.

The research shed light on maximizing resource efficiency by creating facilities for a circular
economy-based supply chain to handle the massive e-waste generated by solar PV panels in
India. Results show that India expects 2.95 million tonnes of waste from EOL solar PV and its
BOS between 2020 and 2047. This waste is worth 645 billion USD, out of which 70% of the
waste (worth 452 billion USD) could be recovered only by recycling, while revenue of 779
billion can be generated if we use the concept of the circular economy. Waste generated in

\



2021 itself sufficient for running 229 Recycling plant of 1850 tone with a gross profit of
$440933 while with the CE (Recycling, remanufacturing, Reuse) 23 Remanufacturing plant,
149 refurbish plant and 57 recycling plant can be run with profit gross profit of $58779. This
study address CE by expanding the conventional forward and reverse supply chain analysis to
CSC design and providing the policy modifications for better implications of the CE. The study
can act as a database for future researchers to explore the area. Proposed CEBM can help
stakeholders to understand and apply circular economy for EOL solar PV and other e-waste in

developing countries of by modifying the current policies of EPR and PRO.

Keywords: Circular-Economy, Circular supply chain, solar PV, e-waste, Recycling
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