Photovoltaic Modules: Beyond Life’s End
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Introduction

Solar energy is currently one of the most important alternatives for meeting global energy demand, commonly
harnessed through the installation of photovoltaic (PV) modules. The first documented devices in Mexico were
installed during the latter half of the 1980s, as a social program to supply under-developed regions beyond the
reach of the traditional electric network (Rincon, 1999), providing electricity to about 28,000 households
(SAGARPA, 2007).

These systems are typically expected to operate for 20 to 25 years; however, reports from solar farms
and other facilities indicate that PV modules are often replaced before reaching their estimated lifespan (Das &
Sarman, 2025). A photovoltaic panel assembly and distribution company operating in Mexico has documented
several such cases among its clients. Additionally, Forti, Baldé, Kuehr, & Bel (2020) expect a global generation
of 74.7 Mt by 2030, and the estimation for Mexico is that by 2045 the generated volume could reach as much
as 691,000 cubic meters (Riech et al., 2021). Therefore, it is imperative to establish proper management of PV
modules that reach their End-of-Life.

Material and methods

This study proposes a waste management plan (WMP) for End-of-Life photovoltaic modules,
considering them as waste electrical and electronic equipment (WEEE). This was done based on international
experiences since, at the time of writing this paper, there are no specific regulations for this type of waste in
Mexico (Negrete et al., 2024). However, there are modification initiatives for the General Law for the
Prevention and Integral Management of Waste (LGPGIR) to consider them as WEEE, and for large producers
to be bound to do a WMP (Camara de Diputados, 2025). Waste generation from both the manufacturing process
and End-of-Life PV modules were quantified using data provided by the company and carrying out the
corresponding mass balance. The proposal of WMP adapts the operational practices from a non-governmental
organization operating in Europe in order to be feasible in the country.

Results

The proposed WMP complies with general waste management objectives by reducing waste generation
and increasing material valorization. The WMP points out the appropriate storage and transportation, since it
may enable a second life for those units that are still operational. If this scenario is not possible due to the PV
module being damaged, then it shall be treated. The proposed thermal treatment was described by Negrete et
al. (2024), aiming to recover most of the materials from devices that cannot be reused. Depending on their
characteristics and recovery condition, these materials may be reused, recycled, or, as a last resort, processed
through waste-to-energy conversion.
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Conclusions

An analysis of potential economic benefits shows that the main contribution from the manufacturing
process arises from packaging materials rather than metals, although the latter still represents a significant value.
The implementation of thermal treatment becomes particularly attractive when considering the recovery of
metals such as silver, aluminum, and copper from disposed modules that are no longer suitable for reuse.
However, further analysis must be done to characterize the composition of combustion gases. Therefore, it is
noted that the treatment process must be designed with a gas collection system since it is described that potential
toxic gases might be generated from the decomposition of the polymeric layers of PV modules (Fiandra et al.,
2019).
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