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Introduction: Definition
During dust storms, large amounts of particles are suspended in the atmosphere. 

These reduce the intensity of irradiance reaching the Earth’s surface.
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Introduction: Frequency
Locations with higher solar potential are more exposed to dust storms due to:

1) their more arid/desert environments or their proximity to them, 

2) to the typically lower probability of cloud cover

L. Micheli, et al., The impact of extreme dust storms on the national photovoltaic energy supply, Sustain. Energy Technol. Assessments 62 (2024).
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Introduction: Global Map

• Middleton, N., & Al-Hemoud, A. (2024). Sand and Dust Storms: Recent Developments in Impact Mitigation. Sustainability (Switzerland), 16(16).
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Introduction: Frequency
Even if predominant in arid and semi-arid regions, 

dust intrusions have been reported over different countries in the past years.
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Introduction: Frequency
The Sahara is the largest source of atmospheric desert dust, 

followed by the deserts in China, Central Asia, Saudi Arabia, and Australia.
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Subsequent

effect

Increased accumulation 

of particles (i.e., soiling)

Associated Risks

Concurrent 

effect 

Reduction in the intensity 

of surface irradiance 
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Case Study: Spain

The effect is not just local ➔ It can affect the national electricity grid.

In March 2022, a dust storm halved the capacity factor of the national Spanish PV fleet.

𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝐹𝑎𝑐𝑡𝑜𝑟 𝑑 =
𝑁𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝐷𝑎𝑖𝑙𝑦 𝑃𝑉 𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑑

𝑁𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝐷𝑎𝑖𝑙𝑦 𝑃𝑉 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑑 ∙ 24ℎ
 

L. Micheli, et al., The impact of extreme dust storms on the national photovoltaic energy supply, Sustain. Energy Technol. Assessments 62 (2024).
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Case Study: Portugal

In spring 2017, several dust storms 

occurred over the Iberian peninsula.
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R. Conceição, et al., Saharan dust transport to Europe and its impact on photovoltaic performance: A case study of soiling in Portugal, Sol. Energy 160 (2018).
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Case Study: Qatar

In Qatar, dust storms are more common, cause 8% attenuation of solar 

radiation and increase soiling deposition rates by 23%.

W. Javed, et al., Multi-year field assessment of seasonal variability of photovoltaic soiling and environmental factors in a desert environment, Sol. Energy (2020).

ΔCI: daily soiling accumulation rate
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Case Study: Qatar

After an extreme DSS event, in April 
2015, the energy yield of a system in 
Doha, Qatar, dropped by more than 

50%. 

Even if that event is considered the most 
severe episode in decades, DSSs of 

lower but still substantial severity are 
not uncommon.
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Key Recommendations

Site selection & design phases

Preliminary 

assessment

Operational phase

Monitoring
Dust Storms

Mitigation
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Key Recommendations: Preliminary Assessment

Evaluate the frequency and intensity of dust storms: understanding the 

patterns will help in predicting and preparing for potential production losses.

Define the optimal strategy to mitigate the impact of dust storms. 

Optimize the design of the PV system to reduce the losses and facilitate O&M.

Include dust storm and associate soiling losses in economic assessment of PV.
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Key Recommendations: Preliminary Assessment

The occurrence of extreme dust storm events can be tracked from the analysis of 

the aerosol optical depth (AOD). 

Dust storms are defined

 

“intense” if: 𝐴𝑂𝐷 𝑑 > 𝐴𝑂𝐷 + 2𝜎𝐴𝑂𝐷

“extreme” if: 𝐴𝑂𝐷 𝑑 > 𝐴𝑂𝐷 + 4𝜎𝐴𝑂𝐷

Alternative indicators are the DOD (dust optical depth) and the PM (particulate 

matter).

A. Gkikas, Mediterranean intense desert dust outbreaks and their vertical structure based on remote sensing data, Atmos. Chem. Phys. (2016).

K. Papachristopoulou, et al., 15-Year Analysis of Direct Effects of Total and Dust Aerosols in Solar Radiation/Energy over the Mediterranean Basin, Remote Sens. (2022).
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Key Recommendations: Preliminary Assessment

Sand and Dust Storms are tracked by UN to address desertification

https://maps.unccd.int/sds/

https://maps.unccd.int/sds/
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Key Recommendations: Monitoring

Copernicus has launched a Aerosol Alerts service.

https://aerosol-alerts.atmosphere.copernicus.eu/

https://aerosol-alerts.atmosphere.copernicus.eu/
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Key Recommendations: Monitoring

Soiling losses can be monitored using specific 

sensors

…or through the analysis of the PV data
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Key Recommendations: Mitigation

Absorption, reflection and scattering 

of the sunlight caused by the 

suspended dust particles

Increased accumulation of dust 

particles (soiling)

Soiling mitigation strategies

• Extraordinary and regular 

cleanings*

• Upside down positioned modules 

during storms
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Closing Remarks

Dust storms are an increasingly concern 

worldwide. ➔ Not only an issue for 

desertic/arid areas.

Dust storms have different frequency 

and severity… so also the impact and 

the mitigation strategies change from 

country to country.



www.iea-pvps.org

Thank You for Your Attention!

Leonardo Micheli, Sapienza University of Rome (Italy)

leonardo.micheli@uniroma1.it 

mailto:leonardo.micheli@uniroma1.it
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