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Most studies on the soiling of solar systems focus on the 
economic trade off between production losses and the cost of 

cleaning. This misses the fact that soiling can lead to 
component degradation and eventually system failure. 
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Introduction: A Potential 
Showstopper to Continued Progress 
 

Widespread efforts to improve 
renewable energy’s stance in the energy market 
are strengthening in intensity and merit. 
Around the world, solar installations continue 
to grow at an astounding pace along with other 
forms of clean energy.  As a glimmer of hope, 1

the year 2017 continued the record-breaking 
streak of previous years, showcasing the 
“largest ever increase in renewable capacity, as 
well as by falling costs, increases in investment 

1 Renewables 2018 

and advances in enabling technologies.”  The 2

United States has shown even more promise, 
demonstrating a 59% average annual growth 
rate in the solar sector over the past 10 years.  3

With such quantifiable successes, one may be 
lead to believe that a sustainable future is 
within easy reach.  

 

2017 showcased the 
“largest ever increase in 

renewable capacity.”  
 

Jeopardizing this progress, however, is 
the problem of photovoltaic panel soiling.  4

Dust accumulation on arrays, particularly 
those in the drier locations that are more likely 
to contain solar systems, are likely to be at great 
risk of losing up to 50% or more of the output 
performance due to not only kilowatt-hour 
losses but also long-term damage or residue 
accumulation.  This environmental reality 5

greatly decreases solar’s overall economic 
viability and  hinders its ability to compete 
with traditional fuel sources. To make matters 
worse, misinformation plagues the solar 
market, convincing commercial and residential 

2 Renewables 2018 
3 Solar Industry Research Data 
4 Sarver, T., Al-Qaraghuli, A., & Kazmerski, L. L. (2013) 
5 Al-Alawy, I. T. (1990) 
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installers alike that rain is sufficient in all cases 
to properly clean and protect panels from short 
and long-term performance losses. This 
perspective not only ignores the vastly diverse 
environments present across the locations of 
installation, but also the complexities present 
in the deposited dust composition that lead to 
variations in effects on output.  

 

“Risk of losing up to 
50% or more of the output 

performance” due to 
soiling.  

 
 To date, most studies of the impact of 

soiling on solar systems have focused on the 
economic trade off of production losses versus 
the cost of cleaning.  This line of thinking 
completely misses an immensely important 
subject: soiling leads to system degradation and 
failure which can eventually lead to total 
system failure.  

This white paper will expand upon the 
potentially ruinous long-term effects of soiling 
on a system, supporting establishing a system 
of preventative cleaning in order to maximize 
the production and lifetime of a solar 
investment. A reader may expect to better 
understand the factors of soiling that lead to 
lifespan reduction in a system of any size, and 
to gain insight into how these may best be 
prevented and treated.  

Although output losses are a 
significant portion of the soiling problem, this 
paper will not delve into that issue as there has 
been more attention given to this more 
obvious effect of soiling. Production losses and 
long-term degradation are intrinsically linked, 

however, as both show stress on the system 
that cumulatively leads to failure.  

 
 

Part 1: Solar in the 21st Century  
 
Clean energy is booming. In 2016, 

“renewables accounted for almost two-thirds 
of net new power capacity around the world.” 
 This means that renewables are becoming 6

more powerful players in the energy market, 
and fast. With prices of installation falling and 
tax incentives popping up left and right, it is 
becoming easier for residential and commercial 
installations to come online. Continued global 
growth is forecasted through 2022 due to 
continued price reductions and policy changes, 
particularly in China. India and the United 
States are predicted to play large parts in this 
growth as well, each country expected to add 
over 100 GW of renewable energy to their 
portfolio by 2022. Not only this, but many 
other countries are coming onto the market for 
the first time as large players in the renewable 
scene.   7

Accompanying this increase, however, 
is an additional increase of energy demand 
throughout the world. Ever more important, 
therefore, becomes the proper upkeep of 
existing solar panel installations to more readily 
keep ahead of the incoming tide of energy 
need.  

6 Solar leads the charge in another record year  
7 Solar leads the charge in another record year 
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As solar garners strength across the 

world, both residential and commercial 
installers alike are looking to gain a quicker 
return on investment and maximize their 
systems’ output throughout its life. Much 
money has been spent on scientifically 
engineering solar panels with increased 

efficiency and broad-band capacity. Although 
such advances will undoubtedly aid in 
increasing solar’s global impact, the 
underestimated issue of panel soiling threatens 
to disrupt any progress.  Unfortunately, the 8

areas most linked with solar potential showcase 
either dryer or more polluted environments, 
meaning more sun exposure or closer 
proximity to civilization. China, India, and the 
Arabian Peninsula are such locations, with 
results indicating “that solar production is 
currently reduced by about 17-25% across 
these regions.”  9

 

“Solar production is 
currently reduced by about 

17-25% across” China, 
India, and the Arabian 
Peninsula due to dust.  

 
Although solar is growing healthily and 

steadily, it still only accounts for a little over 1% 
of global power consumption.  Although this 10

is a substantial amount of power, the relative 
insignificance of this number becomes 
apparent when exposed as its percentage. For 
solar to take a truly deeper dive into the energy 
market, it needs to be as strong and 
competitive as possible. Without informed 
maintenance and the resultant lifespan 
preservation of residential to utility-scale 
applications, this simply cannot be.   11

 

8 Sarver, T., Al-Qaraghuli, A., & Kazmerski, L. L. (2013) 
9 Bergin, M. H., Ghoroi, C., Dixit, D., Schauer, J.  
10 Guest Contributor. (2015, June 12). Solar Power  
11 Flowers, M. E., & Smith, M. K. (2016, April). 
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Part 2: Current Misconceptions of 
Cleaning 

Conflicting studies of soilings’ effects 
on solar installations flood the field. An article 
describing a UC San Diego study on panel 
efficiency losses begins with the sentence 
“Don’t hire someone to wash your dirty solar 
panels,”   while Google for a particular part of 12

their solar system found that “cleaning these 
panels is the #1 way to maximize the energy 
they produce.”  Those who claim that 13

cleaning is widely insignificant may say that 
cleaning does not boost efficiency levels 
enough to pay for the services, that rain is 
sufficient for quality cleaning, or that the 
owner’s  warranties on the panels will cover 
any damages soiling may cause.   14

12 Patringenaru, I. (2013, August 1).  
13 Lam, W. (2009, July 31). 
14 Brakels, R. (2013, April 12).  

Although many avenues are being 
explored within materials science to alter the 
panels themselves to make the above 
statements true, for much of the current 
technology and placement of panel 
installations, the above statements are 
dangerously misleading. 

It is true that warranties may cover 
panel degradation, but the stipulations of such 
policies can be limited and may expire sooner 
than a solar system could truly last. 
Additionally, some solar manufacturing 
companies do not survive the 10 to 20 years 
that it will take before noticeable degradation 
can occur.   15

Nevertheless, many sources may 
mention, but do not highlight, lifespan 
reductions of systems as caused by soiling. This 
is concerning, considering that many of the 
factors, such as excess heat and resistance 
within the system, leading to “short-term” 
efficiency declines also contribute to 
permanent damage.  16

All of this is not to say that some solar 
owners will have an experience as described 
above in which rain is helpful in cleaning. The 
extent to which rain is able to adequately 
maintain solar panels for short and long-term 
economic production, however, is a different 
story.  For arguably all commercial installations 
and most residential areas without high 
amounts of very frequent rain, the statements 
can be incredibly inaccurate.  17

As a result of reviewing a wide variety 
of university studies and consumer and 

15 Sendy, A. (2017, June 7).  
16 Simon, M., & Meyer, E. (2010). 
17 Sarver, T., Al-Qaraghuli, A., & Kazmerski, L. L. 
(2013) 
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corporation reports, the best conclusion to be 
drawn is that soiling is highly dependent on the 
location of the installation. The location not 
only determines the climatic conditions that 
the panels are subjected to, but also the varying 
levels of human activity, such as civilization, 
industry, or agriculture, that lead to a 
particular array of dust particles settled onto 
the panels.  Furthermore, the systematic 18

arrangement and composition of the panel 
circuit itself can highly influence how soiling 
affects the overall output.  Better 19

understanding the likely dust composition of 
one’s particular area will help to inform how 
such aforementioned efficiency and longevity 
reductions may be avoided.  
 
Part 3: Long-Term Effects of Soiling 
 
  Potential long-term effects of 
inadequate cleaning levels on solar arrays are 
frequently passed over, as solar owners focus 
on the immediately-apparent short-term losses 
in efficiency and power output.  

Long term effects of 
soiling are frequently passed 

over due to the focus on 
short term production 

losses. 
Furthermore, some degradation over 

time is natural, further confusing the issue in 
distinguishing what amount of permanent 

18  Sarver, T., Al-Qaraghuli, A., & Kazmerski, L. L. 
(2013) 
19 Mani, M., & Pillai, R. (2010). 

efficiency loss is allowable, and what could 
have been avoided.  

Numerous factors resulting from 
soiling may contribute to additional essentially 
irreversible damage to the solar panel surface or 
even significantly shortened lifetime of 
components in the solar system.   In fact, 20

some areas report that dust accumulation has 
even been determined to degrade “more 
critically the efficiency of amorphous and 
monocrystalline silicon PVs than the panel's 
temperature or relative humidity.” 21

Considering that temperature and humidity 
are frequently referenced as the most 
important factors in long-term panel 
deterioration, this information emphasizes that 
soiling issues should not be ignored.  
 

I. Overheating 
The partial shading caused by soiling 

of photovoltaic systems produces an 
unexpectedly exaggerated outcome unfamiliar 
to those not versed in the functioning of solar 
circuits. The effect is dependent on the type of 
electrical components in the system, though 
mostly in magnitude.  

In essence, partially-shaded solar panels 
generate hot spots. Hot spots are the “result of 
a localized decrease in efficiency, which results 
in lower power output and an acceleration of 
the materials degradation in the affected area.”  

Partially-shaded solar panels 
generate hot spots. Hot 
spots can result in solar 
component degradation.  

20 Touati, F., Al-Hitmi, M. A., & Bouchech 
21 Touati, F., Al-Hitmi, M. A., & Bouchech 
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(Mastny, P., Moravek, J., & Drapela, J. (2015).) 

 
The solar panel above most likely is 

experiencing partial shading due to an 
accumulated dust layer on the lower edge of 
the panel, an example of which can be seen in 
the picture below. For most solar panels, the 
frame design catches runoff dirt and dust at the 
bottom of each panel. 

  
(Solar Service: Austin, Texas) 

 
Under partial shading conditions, the 

other cells are not only limited to operating at 
the current level of the shaded cell, but also 
tend to force current through the cell, causing 
it to heat up as the cell behaves as a resistor and 
dissipates the current.   This can highly 22 23

accelerate the aging of the cell’s surrounding 

22 Brown, C. (n.d.). Shade Losses in PV Systems 
23 Does the Rain Clean My Solar Panels? (2016, March 
1).  

materials, particularly the encapsulant and 
backsheet.   Not only does this shorten the 24

lifetime of the panels, but it also may 
jeopardize the safety of the panel and the entire 
installation itself.  25

 In particular, if the hot spot involves a 
short circuit between the front and back 
portions of a solar cell, dangerously high, 
concentrated temperatures may result in the 
melting of the backsheet, and in some cases 
even a dramatic fire. In less severe cases, hot 
spots may result in the bubbling and eventual 
cracking of the cell’s neighboring materials, 
potentially allowing for the introduction of 
foreign materials.  As explained in the Other 26

Factors section later on, this phenomenon has 
potential to exacerbate the preexistent 
efficiency reductions from the hot spot. A 
scanning electron microscopy analysis of the 
area containing a hot spot “revealed that 
hot-spot heating causes irreversible destruction 
of the solar cell structure,” implicating them as 
a prime contributor to the lasting decline of a 
system.   27

 

“Hot-spot heating causes 
irreversible destruction of 
the solar cell structure.”  

 
 

Soiling is linked in many studies to hot 
spots, many sources even indicating that soiling 
is the primary factor in their formation. As 
summarized by the National Renewable 

24 Mitigating Strategies for Hot Spots  
25 Mitigating Strategies for Hot Spots  
26 Mitigating Strategies for Hot Spots  
27 Simon, M., & Meyer, E. (2010). 
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Energy Laboratory, a leader in renewable 
energy implementation and successful 
operation, “Soiling reduces the energy output 
of the PV array, and can lead to localized 
hot-spot failures if the soiling is uneven. Efforts 
should be taken to reduce uneven soiling, for 
example from bird droppings.”   Both 28

preventative (scheduled) and corrective 
(on-demand)  maintenance methods should be 
considered to prevent the potentially 
show-stopping effects of hot spots from 
ruining the economic and environmental 
benefit of a system.  29

 
II. Corrosion  

Over time, degradation of solar panel 
protective coverings due to soiling and even 
improper cleaning methods may render a 
particular system much less efficient, or even 
completely ineffectual.  Usually, the 30

degradation occurs either due to an abrasive 
effect, such as by harder sand particles 
scratching the surface during a dust storm or 
improper cleaning, or by a prolonged process 
of the particulate matter chemically bonding to 
the surface and causing damage upon removal. 

 As one study conducted in Saudi Arabia 31

found, “mud, which contains alkaline and 
ionic species, adheres strongly to the surface, 

28 U.S. Department of Energy Office of Energy 
Efficiency & Renewable Energy. (2016,  
     December) 
29 U.S. Department of Energy Office of Energy 
Efficiency & Renewable Energy. (2016,  
     December) 
30 Yilbas, B. S., Ali, H., Khaled, M., Al-Aqeeli, N., Dheir, 
N. A., & Varanas, K.  
     K. (2015). 
31 Yilbas, B. S., Ali, H., Khaled, M., Al-Aqeeli, N., Dheir, 
N. A., & Varanas, K.  
     K. (2015). 

often through chemical bonds, and is therefore 
difficult to remove.”  Further compounding 32

the effect of corrosion is the potential 
development of hot spots if unevenness of 
soiling generates irregularity of corrosion, and 
therefore disparities between the efficiencies of 
particular solar cells.  
 

Corrosion leads to long 
term surface damage.  

 
Although some degradation due to 

factors such as the quickly moving sand in dust 
storms cannot be mitigated without altering 
the solar surface or adding systems to control 
the tilt angle, a solar system owner can take 
steps to prevent high levels of chemical 
adherence of the particulate soiling to the 
surface as well as to prevent damage upon 
removal of such bonded layers. The following 
sections help the reader to identify such 
precursors of chemically-bonded soiling for 
proper preventative maintenance. 

 
III. Other Factors 

As one may know from life experience, 
dust is never a good mix with electronic 
components. From cleanrooms to protective 
covers, great pains are taken to keep particulate 
matter from entering electrical matrices and 
potentially causing malfunctions. The same 
may be said for solar systems. As dust 
accumulates not only on the glass coverings 
but also on the surrounding electrical 
equipment, the likelihood of such dust 

32 Yilbas, B. S., Ali, H., Khaled, M., Al-Aqeeli, N., Dheir, 
N. A., & Varanas, K.  
     K. (2015). 
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contributing to an earlier failure or 
malfunction of such equipment increases. For 
example, “The entry of very fine dust inside the 
electronic sun sensor window of a collector 
array may …  cause the array to lose track of the 
sun.”  Preventative cleaning procedures could 33

prevent this long-term buildup that leads to 
eventual component failure.  34

 
 
 
 

33 Aeolian dust deposition on photovoltaic solar cells 
34  U.S. Department of Energy Office of Energy 
Efficiency & Renewable Energy. (2016,  
     December) 

Part 4: Overview of Dust Types  
 

The chemical composition of the 
deposited dust layer can largely determine how 
harmful a particular soiling profile may be 
both in the long and short term, as well as how 
difficult the layer may be to remove.  35

 
I. Type 

The major distinctions in dust type lie 
in whether the particles are silica-based 
(sand-based) or carbon-based. 

 
A. Desert Dust  

Most of the deposited dust on 
installations located in desert environments 
(unless surrounded by large transportation 
networks or other industrial activities) contain 
large amounts of silicates and feldspars.  36

These are generally insoluble, mineral-based 
dust particles that can have a range of shapes 
and sizes. Common minerals among them are 

,  andiOS 2 aAlSi O ,N 3 8 aAlSi O ,C 3 8  
.  In comparison to others, theseAlSi OK 3 8  37

particles by themselves may be more easy to 
wash off and less likely to form the cemented 
matrices that normally  make cleaning more 
difficult. However, these same particles may 
also result in permanent damage to the cover 
material of solar panels. Coupled with high 
humidity or organic matter levels, these 
particles can pose a much greater problem to 
maintaining a desired efficiency.  This 38

35 Mani, M., & Pillai, R. (2010).  
36 Sarver, T., Al-Qaraghuli, A., & Kazmerski, L. L. 
(2013) 
37 Sarver, T., Al-Qaraghuli, A., & Kazmerski, L. L. 
(2013) 
38 Cuddihy, E. F. (1980). 
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phenomenon is explored further in the next 
subsection as well as in the Humidity Levels 
section of Part 5. 

 
B. Organic Matter 

Both natural and unnatural sources of 
organic-based pollutants plague solar systems. 
In essence, the molecules are more “sticky”, 
and tend to increase the amount of dust 
deposition greatly for their relative 
concentrations on a given panel.  39

 

 
(Bergin, M. H., Ghoroi, C., Dixit, D.) 

 
This graphic taken from a study 

performed in Ahmedabad, India exhibits the 
uneven effects of  Dust, Organic Carbon 
(OC), Black Carbon (BC), and Ions on the 
transmittance of light to the solar cells of an 
array. The researchers emphasized that 
although deposited non-dust particulate 
matter “accounts for only about 8% of the total 
mass it is estimated to be responsible for nearly 
50% of the change in transmittance.”  40

39 Bergin, M. H., Ghoroi, C., Dixit, D., Schauer, J. J., & 
Shindell, D. T. (2017).  
40 Bergin, M. H., Ghoroi, C., Dixit, D., Schauer, J. J., & 
Shindell, D. T. (2017).  

In terms of a deposition timescale, 
“Ultrathin organic layers of organic deposition 
tend to coat the surface before other 
deposition occurs” making “removing salt 
deposits more difficult” and leading to “ 
extended and/or more complex cleaning times 
and procedures.”  41

For solar owners, this means that more 
frequent cleaning, likely involving some type of 
environmentally-friendly detergent as well, is 
the best practice if the installation is nearby 
pollution emission sources, including factories, 
cities, highways, and airports in particular.  If 42

left uncleaned, the solar investments could 
accumulate large amounts of dust and suffer 
the negative lifespan impacts as described in 
Part 3.  43

41 Sarver, T., Al-Qaraghuli, A., & Kazmerski, L. L. 
(2013) 
42 Anagnostou, E., & Forestieri, A. F. (1978). 
43 R.E. Cabanillas, H. Munguía 
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C. Other Inorganic 
Compounds  

Due to the particularities of a solar 
array’s location, metal-based compounds may 
be a factor in the system’s soiling. This 
commonly occurs when the system is located 
nearby train tracks or metal-processing plants. 
One study conducted in Egypt by the National 
Research Institute of Astronomy and 
Geophysics spoke of large amounts of 
pollution produced by neighboring industries, 
including cement, automobile, pipe, and iron 
and steel works factories.    In addition, a 44

railway was located nearby. As the researchers 
stated, “Pollution by iron dust from railway 
lines seems to favor development of permanent 
pollution.”  Furthermore, due to the 45

direction of the prevailing wind in the area, 
“cement factories contribute approximately 
50% to the air pollution of the site.”  46

If possible, solar installations, especially 
utility-scale plants, should be located far away 
from large-scale industrial activities. If this is 
not feasible, then placing the investment 
“up-wind” from the activity, as determined by 
the prevailing wind direction in the area, could 
greatly reduce the likely accelerated lifetime 
degradation of the system, both in production 
and component viability. Otherwise, a solar 
owner should plan to protect the investment 
by a combination of preventative and 

44  Elminir, H. K., Ghitas, A. E., Hamid, R. H., 
El-Hussainy, F., Beheary, M. M., &  
     Abdel-Moneim, K. M. (2006).  
45 Elminir, H. K., Ghitas, A. E., Hamid, R. H., 
El-Hussainy, F., Beheary, M. M., &  
     Abdel-Moneim, K. M. (2006).  
46 Elminir, H. K., Ghitas, A. E., Hamid, R. H., 
El-Hussainy, F., Beheary, M. M., &  
     Abdel-Moneim, K. M. (2006).  
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corrective cleaning measures, or else risk the 
afore-mentioned permanent damage.  
 
Part 5: Analysis of Factors Affecting 
Soiling and Long-Term Degradation  
 

Soiling is a multifaceted issue, 
compounded by the fact that each unique 
location garners an individualized portfolio of 
the type, size, amount, and effect of the 
deposited particles. The main factors 
contributing to variation in this dust profile are 
environmental, including local climate, 
location within local climate, and nearby 
human activities, and 
systematic/infrastructural, including position, 
tilt angle, type of panels, and type of panel 
covering.  

A comprehensive review on panel 
soiling contained data showing that even in 
one portion of the globe, composition of dust 
can vary significantly because of the 
environment. This further invalidates the 47

claim that cleaning is not necessary, because 
the frequency and type of necessary cleaning is 
truly a case-by-case basis. 
 

“Even in one portion of the 
globe, composition of dust 

can vary significantly.” 
 

All of the factors described in this 
section may affect how the soiling puts stress 
on a system, leading to component degradation 
and eventual lifespan shortening. Attention 

47 Sarver, T., Al-Qaraghuli, A., & Kazmerski, L. L. 
(2013) 

should therefore be paid to the characteristics 
that describe one’s particular environment and 
how they could affect the long-term health of 
one’s solar  investment.  
 
Environmental Factors  
 

I. Local Climate  
Local climatic factors contributing to 

variations in dust deposition include humidity 
levels, airborne pollen levels, general dust levels, 
wind conditions, and precipitation. 

 
A. Humidity Levels 

If humidity is accompanied by a dusty 
environment, a particularly challenging soiling 
condition may develop. This is due to the high 
levels of dew that may accumulate on the 
panels in the morning, acting as a sort of “glue” 
for water-insoluble particles. As shown in the 
graphic below, this will eventually lead to the 
formation of a cement-like residue that is very 
difficult to clean from the panels.  48

 
(Cuddihy, E. F. (1980).) 

 
The same logic of dust cementation by 

dew can also occur with organic materials such 
as pollen. In this case, the pollen that collects 
during the previous day on the panel is held 
onto the panel by unevaporated dew, 

48 Cuddihy, E. F. (1980).  

11 



 

decreasing the likelihood that the particles may 
be blown or otherwise washed away.  The 49

organic matter then acts as further glue for 
other materials to bond to the surface. 

 Below is a close-up view of a cemented 
dust matrix.  

 

 
( Elminir, H. K., Ghitas, A. E., Hamid, R. H., 

El-Hussainy, F., Beheary, M. M., &  
     Abdel-Moneim, K. M. (2006). )  

 
Such a cemented matrix of soiling may 

lead to corrosion and hot spots, as described in 
Part 3. The best warding off of such a 
phenomenon is to establish a preventative 
cleaning schedule where such climatic factors 
are present, thereby protecting one’s solar 
investment.   50

 

The best warding off of 
cementation is to establish a 

preventative cleaning 
schedule. 

 

49 Conceição, R., Silva, H. G., Mirão, J., & 
Collares-Pereira, M. (2018). 
50  Elminir, H. K., Ghitas, A. E., Hamid, R. H., 
El-Hussainy, F., Beheary, M. M., &  
     Abdel-Moneim, K. M. (2006).  

The study which expanded upon this 
cementation phenomenon as well as many 
other sources recommend weekly cleaning in 
addition to cleaning after dust storms, though 
this is in extreme cases. A preventative schedule 
should be established at the beginning of an 
installation’s cycle, as determined by the 
factors described in this section that affect 
soiling, but on-site performance data should 
also be taken to better determine if such 
frequent cleaning is required.  51

 
B. Airborne Pollen Levels 

As a carbon-based, organic substance, 
pollen poses a unique problem for solar panels. 
The amount and type of grains are not only 
seasonal, but highly dependent on the location. 
Generally, however, pollen types can be treated 
as having similar effects on the performance of 
a solar system, the overall amount of 
deposition the main variable to keep account 
of. Information as to pollen’s effect on solar 52

panels may be found more detail in the 
Organic Matter section of Part 4.  

In essence, pollen’s relative “stickiness” 
as an organic particle contributes to higher 
levels of overall soiling as well as stronger 
bonds between the dust particulates themselves 
and between the layer of dust to the solar 
panel. Solar installations in areas of high pollen 
counts may expect to need a wet-cleaning 
strategy to properly clean the panels, perhaps 
choosing to include environmentally-friendly 

51 U.S. Department of Energy Office of Energy 
Efficiency & Renewable Energy. (2016,  
     December). 
52 Conceição, R., Silva, H. G., Mirão, J., & 
Collares-Pereira, M. (2018). 
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detergents to help dissolve the micro-mud 
substance. 

 If no attention is paid to this 
phenomenon, potentially disastrous 
consequences may ensue. For example, the 
installation from which this photograph of a 
cell was taken was rendered completely 
inoperable by soiling. One may see from the 
photo that the dust profile is largely 
pollen-based. 

 

  
(Solar Service: Austin, Texas) 

 
C. General Dust Levels 

Surprisingly, general dust levels are not 
as direct of an indicator of dust deposition 
levels as one might expect. The pre-existing 
conditions of the surface of the solar panel 
upon the airborne dusts’ contact with it as well 
as the environmental wind and moisture levels 
all combine to produce a particular dust 
deposition pattern that may make cleaning 
more or less necessary. General dust levels, 
communicated through a metric called the 
aerosol optical depth (a measurement of the 
amount of particles in the atmosphere 
contributing to the absorption or scattering of 
light), may be used to generally predict trends 
in dust deposition amounts.  53

53 Conceição, R., Silva, H. G., Mirão, J., & 
Collares-Pereira, M. (2018). 

 

 
(Conceição, R., Silva, H. G., Mirão, J., & 

Collares-Pereira, M. (2018).)  
 

As one may note from the figures, 
spikes in the aerosol optical depth appear to 
correlate to the accumulation of dust on the 
studied panels’ surface. Therefore, one may 
expect for cleaning to be more necessary in 
areas with generally increased dust levels, or 
increased aerosol optical depth.  54

 
 

 

54 Conceição, R., Silva, H. G., Mirão, J., & 
Collares-Pereira, M. (2018). 
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D. Wind Conditions 
Wind speed and direction have been 

both positively and negatively correlated to 
higher amounts of dust deposition. The 
primary factor in this distinction appears to be 
the composition of the dust as well as the 
relative moisture levels of the atmosphere. For 
example, if the profile of the dust layer 
consisted of more organic material, this could 
lead to more “stickiness” of the layer, thus 
leading to more accumulation. The same effect 
would be noted in climates with higher 
humidity levels and therefore higher surface 
concentration of particulate water. The 
converse, as displayed in the graph below of 
data taken in the desert environment of Doha, 
Qatar, is that higher wind speeds lead to 
increased transmittance, presumably due to 
increased removal of dust from the panel 
surface.  

 
(Guo, B., Javed, W., Figgs, B., & Mirza, T. (2015).)  

In this study signifies the changeCI  Δ  
in the cleanliness of the panels, a negative 
percentage indicating that the panels became 
more dirty. As one may note, as the wind speed 
increases, the change in cleanliness registered 
only positive data points, suggesting that 

higher wind speeds contributed to cleaning the 
panels.  As the researchers noted, however, 55

“The daily peak of wind speed was found to 
occur at the same time as the daily minimum of 
the relative humidity” suggesting that “the dust 
resuspension effect of high winds is enhanced 
when the deposited dust particles contain the 
lowest moisture, which make them less sticky 
and more likely to be carried away by the 
wind.”  This same study contained data on 56

cleaning performed by precipitation in which 
rain was almost fully able to clean off the solar 
panels, further suggesting little bonding 
between the particles on the panel surface due 
to a combination of composition and 
pre-existing moisture levels at this particular 
location.  57

Wind tunnel experiments conducted 
by researchers at The Laboratory for 
Experimental Geomorphology at the 
Katholieke Universiteit Leuven in Belgium 
concluded that wind characteristics affect “the 
sedimentological structure of the dust coating 
on the cell, resulting in a higher transmittance 
(of light) for coatings created during high 
winds,” though the increased dust 
accumulation appears to be the dominating 
factor, resulting in a larger “drop in PV cell 
performance due to dust accumulation” 
overall  as wind speed increases.  58

A solar owner’s conclusion from such 
information should be that installations in 
areas with higher wind speeds are likely to 
require greater amounts of cleaning. Such 
operations are also likely to withstand higher 

55 Guo, B., Javed, W., Figgs, B., & Mirza, T. (2015).  
56 Guo, B., Javed, W., Figgs, B., & Mirza, T. (2015).  
57 Guo, B., Javed, W., Figgs, B., & Mirza, T. (2015).  
58 Aeolian dust deposition on photovoltaic solar cells 
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amounts of corrosion over time by dust, 
especially if the covering material of the panels 
is something other than glass (reference Part 3, 
Corrosion and Part 5, Type of Panel for more 
information). Therefore, such areas of high 
winds should be avoided if possible, such as by 
placing residential panels in an area with some 
sort of wind-shade nearby or large solar 
installations on the leeward side of a mountain.

  59

Higher wind speeds are 
likely to require greater 

amounts of cleaning. 
 

If an installation is already placed in an 
area of high wind, sources of organic matter 
and high humidity should be watched out for 
as these would increase the chances of 
developing cementation. If such conditions 
exist, a schedule of preventative maintenance 
should definitely be employed.  
 

E. Meteorological Events such as Dust 
Storms 

As further explained in the 
Overheating section of Part 3, events such as 
dust storms can be disastrous for solar systems. 
In particular, they can lead to the quick 
exacerbation of hot spots, areas of intensely 
increased local temperature, to the point of 
causing cracks, melting of the surrounding 
material, or even fires.  This in addition to 60

exaggerated cuts to the efficiency and power 
output of the system. Dust storms warrant 

59 Sarver, T., Al-Qaraghuli, A., & Kazmerski, L. L. 
(2013) 
60 Mitigating Strategies for Hot Spots in Crystalline 
Silicon Solar Panels  
     [Infographic]. (2018).  

immediate cleaning, as they are frequent causes 
of the severity of hot spots that can cause 
serious degradation.  61

 

 
(New Technology Cleans Solar Panels to Enhance 

Efficiency. (2018, March 27).) 
 

F. Precipitation 
Precipitation may be considered as part 

of the cleaning solution for residential 
installations, though mostly as a helpful 
component rather than a complete cleaning 
system. Commercial installations, with more 
economic value riding on the investment, 
should consider routine professional cleaning 
methods regardless.  62

In particular locations and situations, 
rain can be an inexpensive and convenient 
cleaning agent. In others, however, it can 
actually make the soiling issue worse. Overall, 
though rain and snow may appear to clean 
solar installations, the quality of such a clean 
over long periods of time is in question.  

 

61 Mitigating Strategies for Hot Spots in Crystalline 
Silicon Solar Panels  
     [Infographic]. (2018).  
62  Sarver, T., Al-Qaraghuli, A., & Kazmerski, L. L. 
(2013) 
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Rain can actually make the 
soiling issue worse.  

 
According to a study conducted in 

California, the efficiency of a system in 
Southern California returned mostly to its 
original degree after a period of rain following 
the dry season.  This can be noted in the graph 63

below, where the efficiency stays relatively high 
and stable while rain is frequent, then falls as 
the rain becomes insignificant, then returning 
to about 8.5% efficiency after just one rain. 

 

 
(Said, S. A.M., Hassan, G., Walwil, H. M., & Al-Aqeeli, 

N. (2018).) 
 

In the same study, however, was also an 
analysis of a system in Northern California. As 
one may note from the following graph, even 
frequent rains following the dry season were 
not enough to restore the panels to their 
previous performances. This may be observed 
towards the last fourth of the graph around 
10/28/05.  

63 Said, S. A.M., Hassan, G., Walwil, H. M., & 
Al-Aqeeli, N. (2018). 

 
(Said, S. A.M., Hassan, G., Walwil, H. M., & Al-Aqeeli, 

N. (2018). 
 

  An additional anomalous behavior 
was observed, the researchers noting a trend 
across many systems that light rain could 
indeed “cause system performance to fall 
sharply.”  As confirmed by a separate 64

comprehensive study, if the intensity of rain is 
light and the extent brief, “the rain droplets can 
collect airborne particulate matter and deposit 
high concentrations of residue when striking 
the surface of a collector,” leaving large dirt 
spots behind if there is not enough subsequent 
rain to wash them off.  Otherwise, light rain 65

may cause the dust to conglomerate into a sort 
of micro-mud, binding strongly to the surface 
and itself as the water evaporates.  

This behavior, particularly if it leads to 
uneven soiling, could lead to hot spots, 
corrosion, and other system degradation that 
cuts the lifetime of the entire installation.  

 

64 Said, S. A.M., Hassan, G., Walwil, H. M., & 
Al-Aqeeli, N. (2018). 
65  Sarver, T., Al-Qaraghuli, A., & Kazmerski, L. L. 
(2013) 
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Light rain can lead to 
uneven soiling, which can 
cause hot spots, corrosion, 

and other system 
degradation.  

 
So what determines whether or not 

rain is able to properly clean a system? The rain 
must reach a “cleaning threshold” as 
determined by factors such as soiling rate and 
deposited particle layer characteristics .   For 66 67

the different regions included in the California 
study, a range of .2 - .3 mm or .3 - .4 mm 
tended to be the cleaning threshold, though 
due to high standard deviations, the researchers 
concluded that “there is not a clear amount of 
rainfall that will clean all systems.”  68

 

“There is not a clear amount 
of rainfall that will clean all 

systems.” 
 

The highest chance of rain being an 
appropriate addition for solar panel system 
cleaning occurs in areas with significant rain 
occuring at least once a month (significant 
being above this cleaning threshold for the 
area). Due to the relative consistency of yearly 
efficiency levels in areas such as “Germany, 

66 Said, S. A.M., Hassan, G., Walwil, H. M., & 
Al-Aqeeli, N. (2018). 
67  Sarver, T., Al-Qaraghuli, A., & Kazmerski, L. L. 
(2013) 
68 Said, S. A.M., Hassan, G., Walwil, H. M., & 
Al-Aqeeli, N. (2018). 

Hawaii, and the U.S. Mid-Atlantic, Northeast, 
Southeast, and Midwest,” soiling was 
determined to not significantly influence solar 
energy production.  This study does not, 69

however, take into account the long-term 
effects that would require a much longer 
experimental period to truly note.  

For areas experiencing very low 
precipitation levels, as is the case with a large 
portion of solar installations due to the 
connection between low precipitation levels 
with high solar incidence, precipitation cannot 
be relied on to maintain economical operation 
of the system. As the graph from a study 
conducted in the Libyan Desert demonstrates 
below, particulate accumulation can have 
serious effects on system performance without 
proper supplemental cleaning.  Remember 70

that output reductions are intrinsically linked 
to lifetime shortening due to their similar 
causes.  

 

 
(Mohamed, A. O., & Hasan, A. (2012).)  

 
 
 

 

69 Said, S. A.M., Hassan, G., Walwil, H. M., & 
Al-Aqeeli, N. (2018). 
 
70 Mohamed, A. O., & Hasan, A. (2012). 
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Rain can also cause accumulation of 
dirt on the lower edge of panels with a low tilt 
(such as 5° or less), as shown in the picture 
below.   71

(Solar Service: Dallas, Texas) 
Such accumulation of dirt in one area 

can cause more deleterious effects than 
expected, as explained in Part 3 in the 
Overheating section. Therefore, any 
installations that are either flat or have a low 
tilt angle should seriously consider establishing 
a relatively frequent (at least bi-annual) 
cleaning schedule to prevent the production 
losses and  long-term stress that will be suffered 
by the system.  
 
 
II.    Location within Local Climate  
 

Within a local climate of one town or 
small area, there can be innumerable 
microclimates that contribute  to the 
formation of dust deposits.  

 
 
 

71 Does the Rain Clean My Solar Panels? (2016, March 
1).  

A. Prevailing Wind Direction  
The degree to which a group of solar 

panels is angled towards the prevailing wind 
direction can highly determine the amount of 
dust deposited on the surfaces. Researchers at 
the National Research Institute of Astronomy 
and Geophysics in the Department of Solar 
and Space Research performed an experiment 
that tested the change in transmittance due to 
dust accumulation of glass panels with seven 
tilt angles and oriented in eight different 
directions to the wind. The apparatus used was 
as below: 

 

 
(Elminir, H. K., Ghitas, A. E., Hamid, R. H., 

El-Hussainy, F., Beheary, M. M., &  
     Abdel-Moneim, K. M. (2006).) 

 
The results indicated that the plates 

most perpendicular to the prevailing wind 
accrued the most dust, likely due to the wind’s 
picking up of particles along its journey over 
the area.  72

This obviously indicates that solar 
installations should be angled as oppositely to 
the prevailing wind direction as possible. If 
such an orientation is not practical, solar 
trackers may be beneficial in changing the 
orientation of the installation throughout the 
day. Otherwise, a solar system could be 

72 Elminir, H. K., Ghitas, A. E., Hamid, R. H., 
El-Hussainy, F., Beheary, M. M., &  
     Abdel-Moneim, K. M. (2006). 
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strategically placed in an area with low wind 
levels in general, as described in the Wind 
Conditions section 

If a project is already placed in an area 
of high wind or angled against the prevailing 
wind direction, a solar owner may expect to 
need to clean more frequently, as this will lead 
to a greater dust deposition density and thus 
lower transmittance levels. As previously 
stated, such contamination can lead not only 
to production losses, but also to lifespan 
reductions of one’s solar investment.  

 
B. Animal activity  

 

 
 

Animal activity, particularly bird 
droppings, are considered by many sources as 
one the most harmful constituents of the 
soiling issue.  Not only is the grime uneven, 73

inducing partial shading effects, but also 
relatively unaffected by rain. As stated in one 
study, “The affected areas remain shaded until 
cleaned, thereby creating potential zones of hot 
spots as the cells underneath act as load to the 
current output from the rest of the 
series-connected cells.”  74

73 Miller, J. T. A., Jackson, J., Gupta, V., & Hoffner, J. 
(2009, October).  
74 Sayyah, A., Horenstein, M. N., & Mazumder, M. K. 
(2014).  

 

Animal droppings are 
particularly resistant to rain 

cleaning.  
 

For solar owners, this means that the 
soiling will stay on until a proper wet cleaning 
method is utilized, compromising production 
losses and shortening the lifespan of the panels 
in the process.  

A study conducted by the Southwest 
Technology Development Institute referenced 
that “bird droppings are much more serious 
than soiling due to dirt and dust. Losses were 
higher, approaching 8 percent, and were not 
fully recovered even by heavy rain.” 75

Furthermore, bird excrement has been revealed 
to have corrosive properties, particularly on the 
frames surrounding the panels.  76

 

“Bird droppings are much 
more serious than soiling 

due to dirt and dust.” 
 

The National Renewable Energy 
Laboratory recommends at least a bi-annual 
cleaning for solar systems affected by bird 
traffic.  The most likely areas to suffer such 77

issues are off-shore installations, sea-side 
roof-top installations, and roof-top 

75 Miller, J. T. A., Jackson, J., Gupta, V., & Hoffner, J. 
(2009, October).  
76 Sayyah, A., Horenstein, M. N., & Mazumder, M. K. 
(2014).  
77 U.S. Department of Energy Office of Energy 
Efficiency & Renewable Energy. (2016,  
     December). 
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installations where high numbers of pigeons 
are present. Various bird deterrents have been 
attempted, including spikes, netting, and 
audible bird scares, though the animals have 
proven adaptive to such techniques and readily 
return to roosting atop the systems.  78

 
III.    Nearby Human Activities 
 

Human development, or the lack 
thereof, surrounding a solar installation can be 
a good indicator as to the profile of particles 
that are likely to settle onto the panels. In 
particular, industrial activities, agriculture, and 
transportation are large sectors that contribute 
in unique ways to the phenomenon. 
 

 
(Said, S. A.M., Hassan, G., Walwil, H. M., & Al-Aqeeli, 

N. (2018).)  
As this graph demonstrates, the soiling 

rates of the same regions may even be 
drastically different depending on nearby 
activities. Possessing  a more narrowed guess as 
to the particle profile will grant a solar owner a 
better estimate for the proper type and 
frequency of cleaning to prevent permanent 
losses. 

78 Sayyah, A., Horenstein, M. N., & Mazumder, M. K. 
(2014).  

 
A. Industry  

 

 
(Woodson, L. (1972, June 1).) 

 
Industrial activity such as coal-burning 

fire plants, cement factories, and other 
endeavors in which a product is either being 
burned or produced are likely to contribute to 
the soiling of solar panels. Coal-burning power 
plants will contribute fly ash and soot, as 
described in Part 4 to be particularly 
deleterious to the optimal operation of solar 
systems (Source with nearby cement factory). 

A NASA study of soiling of panels in 
different locations found that “losses were very 
much greater at the Cleveland Air Pollution 
Control Center” due to “industrial pollution.”

 An additional study in Egypt on dust 79

deposition effects on PV panels noted that 
“Unfortunately, a strong pollution is produced 
by the establishment of various industries in 
the neighborhood.”  80

Special attention should be paid to 
installations in such areas. If grime is noticed to 
accumulate in large amounts or to be difficult 

79 Anagnostou, E., & Forestieri, A. F. (1978). 
80 Elminir, H. K., Ghitas, A. E., Hamid, R. H., 
El-Hussainy, F., Beheary, M. M., &  
     Abdel-Moneim, K. M. (2006).  
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to remove, it is likely that the panels need to be 
cleaned with more frequency.  

B. Agriculture 
 

 
(U.S. Department of Agriculture. (2011, April 20).  

 
Installations near agrarian areas may 

expect to encounter soiling inherent of the 
activity: fertilizers, wind-blown soil, or plant 
matter.  Researchers with the University of 81

Sonora in Sonora, Mexico found that the 
organic material present provided the “glue” to 
hold the particles to the surface as well as to 
one another. Therefore, plant species and other 
organic particulates may be particularly 
destructive, and explain noted drops in 
efficiency.  82

 

  “The organic material 
present provided the “glue” 
to hold the particles to the 

surface.” 
 

The National Renewable Energy 
Laboratory even stated that “In an area with 

81  Sarver, T., Al-Qaraghuli, A., & Kazmerski, L. L. 
(2013) 
82 Cabanillas, R. E., & Munguia, H. (n.d.).  

heavy agricultural activity 0.36%/day is 
reported, and contrasted to a rate of 0.01%/day 
in a desert area void of agricultural, 
construction, or industrial activity,” referring 
to the efficiency losses per day in the form of 
percentages.  83

 Long-term effects to be wary of are 
further described in Part 3. In many cases, 
however, solar installations can be integrated 
nicely with farming endeavors, especially due 
to the likelihood that the areas experience 
frequent rain (see Precipitation section of Part 
5 for more information).  84

It has been recommended that 
installations nearby agricultural activity be 
cleaned after every plowing season, as this 
tends to generate the most dust.  85

 
C. Transportation 

 

 
(Nagel, N. (2013, December 15).) 

 
Transportation infrastructure, such as 

highways, airports, or train tracks/stations, 
nearby a solar installation may lead to increased 
deposition of all types of particulate matter, 

83 U.S. Department of Energy Office of Energy 
Efficiency & Renewable Energy. (2016,  
     December). 
84 Hanley, S. (2017, November 24). 
85 Hanley, S. (2017, November 24). 
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especially of organic origin. As described in 
Part 4, organic material can have particularly 
negative effects on the output performance of 
solar modules. 

One study conducted by the Centre 
for Sustainable Technologies at the Indian 
Institute of Science found that an oily residue 
on an area of residential PV systems was 
“correlated to the amount of automobile 
traffic in the area.”  Pictures of the fly 86

ash/soot that are likely to settle onto solar 
arrays can be found in Part 4 under Examples 
of Potentially Deposited Organic Matter.  

For installations located nearby such 
endeavors, special cleaning methods may be 
necessary in order to ensure long-term 
economical operation of the system. 

 
Systematic/Infrastructural Factors 
 

A. Position on House or 
Direction of Large 
Installation 

Whether the system is commercial or 
residential, it would behoove solar owners to 
position the panels such that partial shading 
throughout the year may be minimized. The 
negative, and potentially catastrophic, effects 
of partial shading are explored further in the 
Overheating section of Part 3. In essence, 
partial shading due to obstructions such as tall 
trees or architectural features may cause much 
more efficiency loss than simply the electricity 
that would have been produced by the shaded 
cells.  87

86 Mani, M., & Pillai, R. (2010).  
87  Mitigating Strategies for Hot Spots  

If there is no way of avoiding partial 
shading of a panel, studies show that it is better 
to have the partial shading be on the length 
rather than the breadth side of the panels.  88

 

  “It is better to have the 
partial shading be on the 

length rather than the 
breadth side of the panels.” 

 
In terms of maintenance, maintaining 

adequate cleaning frequencies will become ever 
more important to the long-term production 
of the system, as partial shading coupled with 
overall soiling may exacerbate hot spots, as 
described in the Overheating section. 

A solar system’s position may also 
determine whether or not it is bombarded by 
high winds, as determined by the predominant 
wind direction in the area. More information 
on the specifics of this can be found in the 
Prevailing Wind Direction section of Part 5.  
 

B. Tilt of Panel 
The tilt of a solar system can be 

considered one of the most important factors 
in determining the deposition levels of dust on 
the surface throughout its life. A system’s tilt 
will determine gravity’s ability to cause dust 
particles to roll off of the surface, or the 
converse.  

A comprehensive study conducted  in 
Cairo, Egypt at the National Research Institute 
of Astronomy and Geophysics collected the 

88 Khaing, H. H., Liang, Y. J., Htay, N. N. M., & Fan, J. 
(2014).  
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following data that showcases the increased 
“rolling” effect as tilt angle increases. 

 
( Elminir, H. K., Ghitas, A. E., Hamid, R. H., 

El-Hussainy, F., Beheary, M. M., &  
     Abdel-Moneim, K. M. (2006). )  

 
In this graph, each peak corresponds to 

the highest dust deposition density, or amount 
of dust on the surface. These occur without 
fail on the panels with the lowest tilt angle, 15°. 
The dust deposition is, of course, the highest 
on the horizontal surface, showcased on the far 
left. As the researchers stated, “Obviously, large 
transmittance reductions are encountered as 
the tilt angle is decreased, which is directly 
attributed to the increase in dust deposition on 
the plate’s surface.”  The most effective 89

combination of tilt angle and system 
orientation in this study was found to be 45° 
with an orientation to the South-East.  90

 

“Obviously, large 
transmittance reductions 
are encountered as the tilt 

angle is decreased.” 
 

89 Elminir, H. K., Ghitas, A. E., Hamid, R. H., 
El-Hussainy, F., Beheary, M. M., &  
     Abdel-Moneim, K. M. (2006).  
90  Elminir, H. K., Ghitas, A. E., Hamid, R. H., 
El-Hussainy, F., Beheary, M. M., &  
     Abdel-Moneim, K. M. (2006).  

 
The picture below of a residential solar 

system in Austin, Texas showcases the 
significant soiling that can occur on completely 
horizontal systems.  

 
(Solar Service: Austin,Texas) 

Rain unfortunately does not clean 
horizontal systems nearly as well as is desired 
for most operations. In fact, as stipulated in the 
Precipitation section of Part 5, the rain may 
actually make the soiling problem worse, 
leaving large stains of hardened grime that can 
have considerable effects on transmittance 
levels and panel health.  91

Rain may actually make the 
soiling problem worse, 
leaving large stains of 

hardened grime that can 
significantly affect 

transmittance and panel 
health. 

91 Sarver, T., Al-Qaraghuli, A., & Kazmerski, L. L. 
(2013) 
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With solar systems commonly being 
used in remote areas in which visitation is rare, 
considerations of infrastructural characteristics 
of the system is vital, as uninhibited dust 
accumulation may lead to the neutralization of 
the entire operation. A solar owner should 
spend time analyzing the proper tilt angle of a 
system if possible, such as in applications 
where the panels are not restricted to the tilt 
angle of a roof.  

A solar owner can start with 
determining the local latitude, as this is the 
annual optimum tilt angle if soiling were not 
an issue.  Then, the tilt angle could be 92

increased or decreased depending on the 
amount of soiling in the area, such as if the 
local climate is arid or experiences frequent 
dust storms.  

If soiling is particularly an issue, 
sun-tracking systems can be implemented that 
alter the tilt angle of the system such that it 
meets or exceeds 90° at night.   93

Otherwise, if a system is already at a 
low angle (such as below 5°), the owner may 
expect to need to establish at least a bi-annual 
clean, increasing this amount if efficiency is 
dropping substantially between cleans.    94

 
C. Type of Panel  

Whether a solar system is comprised of 
monocrystalline, polycrystalline, or amorphous 
silicon panels can have a significant influence 
on the effect of dust deposition on output and 
long-term performance. A solar panel’s type 

92 Al-Khazzar, A. A. A. (2015).  
93 Al-Khazzar, A. A. A. (2015). 
94 U.S. Department of Energy Office of Energy 
Efficiency & Renewable Energy. (2016,  
     December). 

may affect not only how a lower level of 
incident light intensity is able to produce 
electricity, but also how the system handles 
partial shading by soiling.  95

 
Common Types of Solar Panels:  

Monocrystalline: 

 
(Nachol, A. P. (2014, April 8). Monocrystalline Solar 

Panels [Photograph].  
     Retrieved from http://freedigitalphotos.net ) 

 
Polycrystalline: 

 
 

Amorphous Thin-Film:  

 
 

95 Khaing, H. H., Liang, Y. J., Htay, N. N. M., & Fan, J. 
(2014).  
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Generally, crystalline solar panels 
appear to exhibit similar degradation behavior 
in response to soiling.  The real difference lies 96

in the distinction between crystalline and 
amorphous solar panels. The results from one 
study indicated that “the maximum reduction 
in potential is around of 6% for 
monocrystalline and polycrystalline modules 
and of 12% for the amorphous silicon.”  97

Other studies support such a trend of 
amorphous panels being additionally affected 
by soiling levels.  Curiously, amorphous cells 98

have proven to be more resistant to dust 
deposition in the first place in some studies, 
and have been suggested for desert 
environments.  99

 

Crystalline and amorphous 
solar panels react differently 

to soiling conditions.  
 

This data suggests that a more 
location-based approach should be taken to 
determining the proper type of panel to use. 
From the majority of data, however, it appears 
that amorphous installations will require more 
frequent preventative cleaning methods in 
order to maintain long-term health.  
 
 
 
 

96 Flowers, M. E., & Smith, M. K. (2016, April). 
97 Cabanillas, R. E., & Mungui'a, H. (n.d.).  
98 Touati, F., Al-Hitmi, M. A., & Bouchech, H. J. 
(2013). 
99 Touati, F., Al-Hitmi, M. A., & Bouchech, H. J. 
(2013). 

D. Type of Panel Covering 
The material of a solar panel’s cover as 

well as the texture affects the short-term ability 
of dust to cling to its surface. This inherently 
influences the long-term durability/ability to 
transmit light from the sun unaltered to the 
solar cells beneath. For example, “a polymer 
surface provides for more dust accumulation 
due to increased roughness as well as potential 
penetration of dust into the softer polymer 
surface.”  Glass materials tend to be more 100

resistant to scratching as well as dust adhesion, 
as these materials prove to be easier to clean in 
many studies.  

 

“A polymer surface provides 
for more dust 

accumulation.”  
 
A solar owner should use this 

information to better prepare a preventative 
cleaning schedule for long-term benefit. If a 
system contains a polymer surface (likely EVA, 
or ethyl vinyl acetate), more frequent cleaning 
may be required. For glass surfaces, 
preventative cleaning methods should still be 
utilized, but perhaps bi-annually.  101

 
 
 
 
 

100  Sarver, T., Al-Qaraghuli, A., & Kazmerski, L. L. 
(2013) 
101 U.S. Department of Energy Office of Energy 
Efficiency & Renewable Energy. (2016,  
     December). 
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Conclusion 

Solar’s growth has stimulated 
economies, lead to scientific discovery and 
development, saved companies and 
homeowners money on electricity cost, and 
played a part in transforming human kind’s 
energy use to a topic of wonder and 
excitement rather than of guilt and worry. 
To properly take care of one’s investment 
in a solar installation is to further support 
this progress.  

With the potential lifespan losses 
from misconceptions of soiling and 
improper maintenance practices, the solar 
industry cannot be nearly as competitive as 
it could be with the already-advantaged 
fossil fuel industry. With chances being 
that solar arrays are located in areas of high 
soiling due to the connection with higher 
irradiance, attention should be paid to 
developing the proper frequency and 
method of cleaning to prevent quality 
lifespan restriction. 

This paper established the effect of 
long-term degradation on the useful 
lifetime of a solar system, expanded upon 
characteristics of soiling that may lead to 
such degradation, and included 
particularities of location and components 
in a system. From this information, an 
owner may hopefully better understand 
how soiling will affect the lifespan of their 
individualized system and have ideas as to 
how to prevent such losses for both 

residential and large installations alike. 
Although a distinctive lifespan with and 
without cleaning cannot be defined for all 
systems due to dependence on weather and 
the system itself, it can be understood that 
taking care of one’s investment will lead to 
better outputs and further solar success. 

Solar has great potential, let’s 
allow it to thrive for the long haul.  
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