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Accumulation of soiling is the primary reason for decreased efficiency of field deployed 
photovoltaic (PV) solar panels. The direct loss of energy output, as well as the corresponding 
indirect cost of frequent cleaning and maintenance due to soiling, increases the levelized cost of 
electricity (LCOE) from PVs. To reduce costs, anti-soiling coatings have been widely 
studied. Field tests have shown, however, that the coatings remain effective for only a limited time 
(≤2 years) and under certain weather conditions; thus, active cleaning is still necessary. However, 
anti-soiling coatings tested to date are too thin and/or soft and so are rapidly abraded away. A more 
feasible approach to mitigate soiling is to develop an anti-soiling coating that is mechanically 
durable and easy-to-clean, so that maintenance costs can be minimized. 

To develop an abrasion-resistant hydrophobic coating that maintains performance for ≥ 20 years 
in the field, our group is taking two approaches to increase abrasion resistance while maintaining 
hydrophobicity and optical clarity.  In the first approach, we are developing a densely cross-linked 
hydrophobic matrix that is hard and abrasion resistant. In the second approach, the coating is 
reinforced with nanoparticles randomly dispersed within the matrix to further increase abrasion 
resistance. The coating will be assessed by UV-vis spectroscopy for measuring % transmittance 
values and the uniformity of the coating. Abrasion resistance will be measured using a Taber 
reciprocating abrasion instrument. The anti-soiling performance of the coating will be evaluated 
using the existing soiling and cleaning chambers in our laboratory to simulate real-world 
environmental conditions. To date, our group has made significant progress in developing 
transparent, abrasion-resistant hydrophobic coatings that has potential for outdoor testing for PV 
applications. The coatings have demonstrated the ability to maintain their abrasion resistance, 
hydrophobicity, and optical properties after 2,000 abrasion cycles. 
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