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Australia is one of the fastest growing installers of solar power worldwide with an estimated 3.04 
million photovoltaic systems installed by the end of 2021 (APVI, 2022). Given the average lifetime 
of a solar panel is between 20 and 25 years the amount of photovoltaic waste in Australia is set to 
reach 800000 tonnes by 2050 (Singh et al, 2021). There is currently no federal legislation 
implemented regarding the end-of-life management of solar panels. Given the varying 
Environmental Protection Authority (EPA) requirements across different states for the storage and 
recycling of materials found in solar panels, developing a viable recycling process will require an 
in-depth knowledge of the material composition of end-of-life photovoltaics (EPA, 2020).  
 
The characterisation of photovoltaic panels is an important part of the recycling process. The 
amount of economically important materials such as copper and silver that can be extracted from 
the photovoltaic panels can inform the economic viability of the recycling process (Dias et al, 
2016). Most studies examining end-of-life photovoltaics for the recycling process estimate the 
material composition from a product datasheet or cite the composition data from another paper 
(Latunussa, 2016 and Lunardi, 2017) however this method is less accurate than experimentally 
characterised module composition results. 
 
Aim and Approach 
This work is designed to characterise the chemical composition of end-of-life photovoltaic panels 
from different manufacturers to record the variability between different panels. This information will 
be used to inform economic viability of recycling different components of solar panels as well as 
eliminating the waste panel landfills in Australia.  
Solar panels were collected from solar distributors and manufacturing companies, with 12 solar 
panels from different manufacturers being used for the study. Brands and model numbers are 
summarised in Table 1 below. 

 
Table 1: Summary of studied solar panels 

 



 

29 Nov - 1 Dec 2022, Newcastle, Australia 

 
 
The solar panels were manually dismantled using a variety of tools, with the removal of the glass 
from the module being the most challenging. Numerous tools were trialled in the removal of the 
glass including paint scrapers, screwdrivers, knives, chisels, and pliers. The two main methods of 
removing the glass were by folding the solar panel and then using a paint scraper to dislodge the 
glass pushed up by the folding. This method was most successful when the aluminium frame of the 
solar panel had been removed and the glass was already cracked. The second method employed 
involved loosening the glass with a hammer, heating the glass with a hairdryer to soften the 
laminate, and then using a chisel to scrape off the glass. Once the glass was removed, solar cells 
were taken from the panel using a knife. Samples of the aluminium frame were removed from the 
panel using an angle grinder. 
 
The glass and aluminium were examined using XRF for compositional analysis. The solar cell was 
digested in heated nitric acid and aqua regia followed by an ICP-OES analysis the quantify the 
metallic components of the cell. 

 
Figure 1. Samples collected for characterisation study. A: glass sample removed from solar 

panel. B: crushed glass in pans ready for XRF analysis. C: Collected solar cell with EVA 
encapsulant removed from top surface. D: Waste solar panel after sample collection 
 
 
Results and Conclusions  
 
The aluminium frame was initially sent for XRF analysis and returned the results summarised in 
Table 2 below. Given the large amount of sulphur recorded in the results, the coating on the 
aluminium was removed and a second analysis was run so that the true composition of the 
aluminium alloy used can be found. 
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Table 2: Results of XRF Analysis on the Aluminium Frame with and without coating 
 

 
 
The main materials found in the frame apart from aluminium included magnesium, calcium, silicon, 
phosporous, chlorine and iron. After the coating on the aluminium had been removed the average 
amount of alumium found in the frame was 97.12% with a variation of 0.5% between the different 
manufacturers. The amount of the other elements present in frame significantly decreased with the 
removal of the coating except for magnesium which was only present in the uncoated aluminium 
 
The glass was analysed using XRF to find the general compostion of the glass. All of the glass was 
soda glass (silica and sodium) with the next most common elements being calcium, magnesium, 
aluminium and sulfur.  

 
Figure 2: General composition of solar glass 

 
Further analysis was done to determine the level of antimony within each sample. This was done 
as antimony is a hazardous substance and in Australia, particularly Victoria there are requirements 
on the amount of antimony able to be processed through waste facilities including recycling. The 
results from the experimental analysis were compared with values of antimony found in the 
literature. A two-tailed t-test was performed on the values obtained and returned a p-value of 
0.1516.  
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Figure 3: Graph of the levels of antimony in each solar panel compared to the mean 

 
The composition of the solar glass would allow for it to be recycled into glass containers, however 
there is variability between the panels produced by different manufacturers. In the case of extreme 
variability, the only option for recycling the glass may be downcycling into concrete, aggregates or 
road base materials (Vanek, 2020 and Sustainability Victoria,2019). The level of antimony within the 
sample is higher than the Victorian EPA standard (EPA, 2020), but according to a glass recycler, 
should still be able to be reused.  
 
One sample of the cell encapsulate was sent for ICP-OES semiquantitative analysis using two 
different acids to determine the main metallic components of the solar cells, results of which are 
summarised in Table 3. Both nitric acid and aqua regia were used for the dissolution due to their 
ability to dissolve different materials.  
 

Table 3: Results of Semiquantitative analysis on photovoltaic cell 

 
As expected, the main components of the solar cell were aluminium, copper, silicon, and silver, 
with the copper and silver being of economic importance to the recycling process. Comparisons 
between the cells obtained from the different panels has not yet been examined.  
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