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Introduction: Definition (m
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During dust storms, large amounts of particles are suspended in the atmosphere.
These reduce the intensity of irradiance reaching the Earth’s surface.

Skies over Malaga city centre during the historic calima of March 2022. Photo: Nany Lavado / Video: Pedro J. Quero
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Introduction: Frequency (gm

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

0.1 0.2 0.3 0.4 0.5
Clear-sky direct solar radiation at surface [(kwh/m2/day) Dust Optical Depth
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L. Micheli, et al., The impact of extreme dust storms on the national photovoltaic energy supply, Sustain. Energy Technol. Assessments 62 (2024).



Introduction: Global Map :q=

Dust sources
Moderately persistent Major transport

M Highly persistent pathway
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Introduction: Frequency (—i‘i‘

Even if predominant in arid and semi-arid regions,
dust intrusions have been reported over different countries in the past years.

Sahara dust cloud sweeps UK as Photos: Dust from the Sahara has turned

experts issue warning the snow orange in Russia and ]i]nastern
@he Washington Post

Satellite images show dust cloud moving 1,200 miles across Mediterranean to UK Europe
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Observation and modeling of the historic “Godzilla” African

Saharan dust cloud makes English skies dust intrusion into the Caribbean Basin and the
glow orange southern US in June 2020
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Introduction: Frequency :(ii'

The Sahara is the largest source of atmospheric desert dust,
followed by the deserts in China, Central Asia, Saudi Arabia, and Australia.

Seasonal yellow sand from China clouds skies over western N ews

Japan
By RYO OYAMA/ Staff Writer
April 17, 2024 at 16:50 JST
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Top Japan Features Weather Earthquake Video

Yellow sand reaches parts of Japan
® Wednesday April 12,2023 ﬂ@ <

Yellow sand from China's desert regions has reached parts of Japan. Weather officials expect that
in the coming days sandstorms will hit wider areas of the country, possibly affecting traffic and

A satellite image of the area around the Japanese islands as of g a.m. on April 17 shows yellow sand (the
light brown color around the Sea of Japan) coming from the Eurasian continent. (From the Japan
Meteorological Agency website) flights.
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Associated Risks

Reduction in the intensity

Concurrent of surface irradiance
effect
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Increased accumulation

QLONMENE  of particles (i.e., soiling) |

effect

J

N




Case Study: Spain (T‘-i‘

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

Capacity Factor(d) =
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Case Study: Portugal ,q=

In spring 2017, several dust storms
occurred over the Iberian peninsula.
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Fig. 2. NASA VSIIR dust event true image colors: (a) 20th February; (b) 21st February; (¢) 22nd February; (d) 23rd February.
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R. Conceicao, et al., Saharan dust transport to Europe and its impact on photovoltaic performance: A case study of soiling in Portugal, Sol. Energy 160 (2018).



Case Study: Qatar ,(ii'

In Qatar, dust storms are more common, cause 8% attenuation of solar
radiation and increase soiling deposition rates by 23%.
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W. Javed, et al., Multi-year field assessment of seasonal variability of photovoltaic soiling and environmental factors in a desert environment, Sol. Energy (2020).
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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.

PVPS

Specific Energy Yield (Wh/Wp/day)

1.67 kWp PV string at OTF, Qatar
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Key Recommendations

PVPS

Preliminary
assessment

Site selection & design phases
T Operational phase

Monitoring

Mitigation
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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.




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 + 2040p
“extreme” if: AOD(d) > AOD + 40,pp

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).



Key Recommendations: Preliminary Assessment (om

Sand and Dust Storms are tracked by UN to address desertification

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

Key Recommendations: Monitoring

Copernicus has launched a Aerosol Alerts service.

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

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

~

International Energy Agency
(@B enatone

6%
“ Power Sy Prog

Soiling losses can be monitored using specific
sensors

...or through the analysis of the PV data Soiling Losses — Impact
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Absorption, reflection and scattering

Increased accumulation of dust

of the sunlight caused by the particles (soiling)

suspended dust particles

Soiling mitigation strategies

» Extraordinary and regular
cleanings*

» Upside down positioned modules
during storms




Closing Remarks (T‘-i'

\W Food and Agriculture
M Organization of the
- - United Nations
Dust storms are an increasingly concern

worldwide. = Not only an issue for

L Sand and dust storms
desertic/arid areas.
(SDS): A transboundary

issue of growing concern
Dust storms have different fre q uen Cy SDS are complex environmental phenomena, the result of a
] ] series of interlinked natural and anthropogenic drivers opera-
a nd seve r|ty ... SO a | SO ‘th eim pact a nd ting at different scales. They have gained growing attention in
o . . the past decade due to their impacts on the environment and a

th em |t| g at| on S'[I’a'[eg iIes C h an g e frO m range of socioeconomic sectors. SDS result in land degradation
and production losses on croplands and rangelands. Transport
country to country. is disrupted by reduced visibility and sand deposits that block

roads. There are numerous impacts on health — for people,
plants and animals — and dust deposited on solar panels results

in less electricity being produced. Economic losses from a

e
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WwWw.iea-pvps.org

Thank You for Your Attention!

Leonardo Micheli, Sapienza University of Rome (ltaly)
leonardo.micheli@uniromal.it

% IEA
“ PVPS

“~
»

Technology Collaboration Programme

by I2Q


mailto:leonardo.micheli@uniroma1.it

	Folie 1
	Folie 2
	Folie 3
	Folie 4
	Folie 5
	Folie 6
	Folie 7
	Folie 8
	Folie 9
	Folie 10
	Folie 11
	Folie 12
	Folie 13
	Folie 14
	Folie 15
	Folie 16
	Folie 17
	Folie 18
	Folie 19
	Folie 20
	Folie 21

