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Strategic [investment] and 
operational [optimization] 
support for solar PV panels
Soiling index
Sunshine hours
Optimal cleaning frequency
Risk



Soiling index [% of transmittance reduction]

• Adapted version of Bergin et al. (2017), in Rautio et al. (in preparation).

• ∆T= –(Eabs + β*Escat)*(depdry + depwet)
• For dust particles, Eabs= 0.02, β = 0.02, Escat= 1
• Soiling Index = 0.04*(depdry + depwet)*100

• Simple approximation, does not consider other performance reduction factors 
(notably salt deposition, self cleaning from wet deposition, atmospheric 
scattering). Assumes a horizontally fixed solar PV panel. Assumes that change in 
transmittance is linearly related to the mass loading of dust particulate matter. 



Climatology of soiling index (2007-2016)



Time series examples (Barcelona vs Berlin pixels)

Barcelona Berlin



Sunshine duration [hours]

• Following the definition of WMO (2018)
• Derived from the count of 3-hour segments with DNI > 120 Wm-2

• Provides the potential maximum sun hours, corrected with the 
presence of dust.
• Other reanalysis products do not provide NAMEE coverage or 

correction for dust.



Climatology of sunhours (2007-2016)



Optimal cleaning frequency [days]

• After Abu-Naser (2017). After how many days a panel should be 
cleaned to operate with profit, given cleaning cost, electricity selling 
price, capacity [constants], sunshine hours, and retrospective 
average soiling index of past month [reanalysis].

• OCF = sqrt((2*i*c)/(α*s*i*β)), 

where OCF is the optimal number of days between cleaning cycles, α the average daily losses in 
solar conversion efficiency due to dust deposition, s the average sun hours per day, i the kW 
capacity of the installed panel, c is the cleaning cost per kW size, and β the selling price of one 
kWh of electricity.



Climatology of OCF for indicative commercial 
and domestic solar PV panels (2007-2016)

OCF = sqrt((2*i*c)/(α*s*i*β))



Time series examples (Barcelona vs Berlin pixels)

Again, different form 
of volatility. 



Investment & operational risk: Climatological variability



Investment & operational risk: Ensemble avg vs max, 
Soiling index



Investment & operational risk: Ensemble avg vs max, 
Optimal cleaning frequency for commercial SPV panels



Societal benefits: SWOT analysis

A way to correspond the solar products to the current strengths-
weaknesses-opportunities-threats of the solar energy sector in the 
NAMEE region.

Therefore, systematizing how these products address the identified 
strategic situation in these regions for the energy sector.
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