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A new recycling strategy for crystalline silicon PV and CI(G)S thin-film PV modules

"PHOtovoltaic waste managementadvanced Technologies for recOvery and recycling of secondary RAw MAterials from end-of-life modules" is the working title of an European cooperation project, called PHOTORAMA. This project has received funding from the European Union's Horizon 2020 research and innovation program under grant agreement No 958223. Focusing on the main critical issue of Photovoltaic (PV) waste management by implementing a circular strategy, the project develops solutions for recycling and secondary raw materials recovery.

A significant amount of critical and valuable materials is embedded in PV modules and when reaching their end of life, if PV modules are not properly recycled, these valuable resources are irreversibly lost. As such resources are not endlessly accessible, it is urgent and necessary to rethink and redesign new models for the PV industry considering a circular model. Looking at the 2030 European targets in terms of renewable energies, the deployment of solar energy over Europe is expected to almost double with 37.4GW capacity added by 2025 [START_REF]EU Market Outlook for Solar Power[END_REF]. Germany as the biggest market in Europe targets to reach by 2030not including repoweringa cumulative capacity of 161 GW. A huge quantity of raw materials will be required for this including steel, concrete, glass, plastics, aluminum, copper and silicon. The global market situation is potentially critical considering the raw materials consumption. To put the numbers in a global context, 138 GW were installed in 2020 which represent significant shares of the global production of critical and valuable materials such as silicon (16.8%), silver (10%) and indium (4.6%)[2]. The potential of secondary raw materials recovered from used PV modules is certainly crucial to complement the primary resources and overcome the demand in the future.

The PHOTORAMA project, as a major turnover, implements a novel and comprehensive approach including all steps in the PV value chains and focusing one of the most critical point: PV waste management. By developing technological solutions for recycling, currently lacking looking critically at the current downcyling practices, the project is shaping new ecosystems of innovation to develop sustainable markets for secondary raw materials.

The technical challenges will be presented underlying all necessary steps from waste to the production of secondary raw materials. The presentation will includes the description of the pilot line under development including (1) the disassembling of external components (frame, junction box an), the delamination of the PV sandwich structure and (3) the recovery of the valuable and critical metals: Si, Ag, In and Ga from c-Si and CI(G)S waste streams. The design of the final plant and the technologies developed for individual subprocesses will be presented as well as the potential of the materials recovery ratio with a global target of 98%. In order to solve one of the biggest challenge, namely the separation of the sandwich structure without mixing the materials, several new approaches using different technologies will be presented as well as the results of the scale-up trials. The solar cells then accessible for wet-chemical treatment are treated using environmentally friendly processes to recover Si, Ag, In and Ga with high purity from 99% to 99.999% that will be converted into marketable products.

By implementing such economic model, nowadays still at a conceptual stage, this collaborative work will showcase sound and reliable circular business models connecting all stakeholders in the value chain. PHOTORAMA circular model demonstrates the feasibility as well as the issues on the field to be overcome in the next coming steps to bridge very different business fields and cultures that should raise incentives for collective efforts from the stakeholders to be involved.