
Mitigating Solar Losses in Desert Environments with 
Nano-Coatings  
Executive Summary 

Photovoltaic (PV) installations in desert environments face a severe soiling problem. Soiling 
occurs when airborne dust settles and forms a hardened layer on top of a solar panel.  

According to data from the National Renewable Energy Laboratory (NREL), soiling caused 
rapid performance degradation up to 30% in just a few weeks. 

Unfortunately, manual water-washing is economically and environmentally unsustainable in 
water-scarce regions. 

This white paper proposes a passive, highly efficient solution: Advanced Hydrophobic 
Nano-Coatings. This technology prevents dust adhesion on the PV glass and leverages natural 
atmospheric cycles to achieve self-cleaning functionality. 

 

1. The Industry Problem: The Critical Cost of Soiling 

Utility-scale solar farms are expanding into the deserts like the American Southwest, North 
Africa, and the Middle East. These places were chosen due to vast land availability and  intense 
sun. However, dust buildup creates a major bottleneck: 

●​ Linear Efficiency Loss: Dust causes a 0.5% to 1.0% efficiency loss every single day 
during high-dust seasons.. 

●​ The Water Scarcity Dilemma: Traditional cleaning takes millions of gallons of purified 
water. Trucking water into a remote desert creates a massive, recurring cost. 

●​ Glass Degradation: Abrasive dust particles create micro-scratches on the glass surface 
over time, hence lower the glass clarity. 

 
2. The Solution: Hydrophobic Nano-Film Technology 
Instead of cleaning off dust after it settles, nano-coatings prevent it from sticking in the first 
place. A microscopically thin layer is applied to the glass during manufacturing. 

The Surface Science 



The key factor here is the Water Contact Angle (WCA), which measures how a water droplet sits 
on the glass. 

 

●​ Standard PV Glass: Typically hydrophilic, with a low contact angle (30 to 50 ). Water ◦ ◦
spreads flat across it, trapping dust particles as it evaporates and baking them into a hard 
crust. 

●​ Nano-Coated Glass: Exhibits a hyper-hydrophobic surface with a high contact angle 
(110 ). ◦

 
When morning dew or light rain hits the tilted panel, the water instantly forms perfect spheres. 
Because the glass is slick, gravity pulls the droplets down, and they roll off like marbles, 
sweeping the loose dust away. 

 

3. Performance Data & Real-World Proof 
A 12-month field test in desert conditions compared coated panels against standard, untreated 
panels. Both arrays were left unwashed for a full year. 

 

Performance Metric Untreated PV Control 
Array 

Nano-Coated PV 
Array 

Average Soiling Loss (12 
Months) 

22.4% Efficiency Drop 3.1% Efficiency Drop 



Required Manual Cleanings 6 Cycles 0 Cycles 
(Self-Cleaning) 

Average Optical 
Transmittance 

Dropped to 82% Maintained at 96.5% 

 

The data shows the coating keeps the panels running at near-peak efficiency without a single 
drop of manual water. 

 

 

 

4. Conclusion & Operational Impact 

For solar developers, this technology solves two massive issues at once: 

1.​ Maximized Revenue: It prevents sudden 20% drops in power output, keeping energy 
delivery steady. 

2.​ Slashed Costs: It completely eliminates the labor and water costs of manual cleaning. 

As solar deployment accelerates in arid climates, hydrophobic coatings are moving from being 
an optional premium to an essential industry standard. 

 

Note: This is a sample technical document written for demonstration purposes. The data 
presented in Section 3 is simulated to illustrate the format of an industry field trial.  
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