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Armand du Plessis reports on his research on photovoltaic power systems

Dust, 
clouds 

and 

With the global movement towards renewable energy, 
solar power has provided a wonderful opportunity for 
more entrepreneurs to access the energy market. On 
the flip side, this has set the stage for a very competitive 
industry, where investors cannot afford financial losses 
caused by lower power production. 

In photovoltaic (PV) power systems, soiling of the PV 
module surface from dust, pollen, bird droppings and 
particulate air pollutants reduces the solar cells’ exposure 
to sunlight, translating to lower power output. Dust is 
particularly concerning for the large-scale solar ‘farms’ 
located in dry regions, where irradiance tends to be 
highest. Some studies have shown annual losses in 
desert or semi-desert regions of up to 40%, but losses of 
1–7% are more typical worldwide. 

Dirty PV panels do not only deliver less power but can 
be badly damaged in the long term. Dense patches of 
dust can create ‘hotspots’, where there is a concentrated 

build-up of heat, damaging the solar cells on the PV 
module. 

The local solar power energy sector has naturally wanted 
to know what the influence of dust on PV power systems 
in South Africa might be. Some years ago, our research 
team at Stellenbosch University’s Department of Electrical 
and Electronic Engineering decided to find out, in what 
would be the country’s first formally documented study 
quantifying the effects of dust on PV power output. The 
research also aimed to determine whether commercial PV 
system operators could apply a dust mitigation strategy to 
reduce the impact of dust on PV modules.

The experiments
Determining the influence of dust on PV power production 
was not as easy as simply throwing a handful of dust on 
a PV module and measuring the output. To get reliable 
results, our research had to reflect a real-world scenario. 
A fully operational PV research station was therefore 
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The PV system constructed for the research, with both stationary modules (left) and single-axis-trackers (right).

solar power
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constructed in the De Aar–Hopetown area of the Northern 
Cape, the province where most utility-scale PV power 
plants are located. With our own PV research facility, 
designed to our specifications, we had complete control 
over the data captured. 

High-tech electronics were also developed by our research 
team, as shown above. One of these circuit boards was 
dedicated to each PV module, which allowed us to extract 
a specific set of data points regarding power output. 
Along with on-site weather data, this PV module data was 
then uploaded onto a cloud-based server, from which the 
research station could be monitored remotely.

One set of PV modules was cleaned regularly, to serve 
as a baseline for comparison to other PV modules 
that were left indefinitely to accumulate dust. Passive 
cleaning strategies – those that require little to no human 
intervention – were investigated as a possible dust 
mitigation strategy. Passive cleaning is ideal for large 

commercial PV systems, which can easily be 100 hectares 
in size (about 100 rugby fields) and consist of 300 000 PV 
modules or more.

Today, there are multiple approaches to module cleaning. 
The most general of these solutions is washing PV 
modules with handheld brushes. This solution, however, 
becomes very inefficient as PV system size increases. A 
more practical approach often applied in South Africa is 
the use of long brushes, attached to a moving vehicle or 
tractor. However, manual labour costs and safety issues 
are also a big problem for these types of highly involved 
cleaning solutions. This is why semi-autonomous robotic 
cleaning has started to become a plausible solution, in 
some cases involving water-free, ‘dry cleaning’.

Since our research team had a passive and less 
expensive option in mind, an obvious question to ask 
was whether rainfall could be used as a natural agent 
for a cleaning strategy. Although rainfall does occur in 

Circuit boards developed by the research team were 
deployed at each PV module for data collection.

Rainfall at the study site was sometimes so light that it only shifted dust on the PV module surface, creating small wave-like 
dust lines.

Applying a hydrophobic coating to PV 
module surfaces was expected to result in 
larger water droplets that would displace 
dust better. 
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the Northern Cape throughout the year, it is not always 
enough to remove dirt from PV modules. Where dust has 
accumulated over time, small water droplets typically 
only shift and further concentrate it. In an attempt to 
improve the ability of rain droplets to remove the more 
stubborn dust particles, we investigated the application 
of a hydrophobic anti-soiling coating to the PV module 
surfaces. The idea was that this thin, colourless coating 
would allow for the formation of larger water droplets, 
which would more effectively capture and displace dust. 
Unfortunately, the coating tended to make water stay on 
the module surfaces for longer, rather than dispersing.

Next, we used the custom-built single-axis-tracker 
modules to test two passive cleaning strategies in 
combination. The hydrophobic coating was once again 
applied, but a self-cleaning manoeuvre was executed 

Passive cleaning strategies making use of dew droplets and 
rainfall were investigated.

The hydrophobic coating caused small dust patches to form 
over time.

whereby – when it started to rain – the trackers were 
automatically tilted at a 45° angle facing into the rain. 
Tracking was then resumed as usual after 20 minutes.

A third cleaning strategy was the application of 
coordinated movement, where the single-axis-tracker 
modules were cleaned by making use of early-morning 
dew. In this self-cleaning strategy, the trackers were 
instructed to tilt at 80° (almost vertical) a few minutes 
before sunrise to use any available dew droplets to 
displace dust. 

Our findings
After carefully processing and analysing the raw data, 
interesting and somewhat counter-intuitive results were 
obtained. Firstly, the big question concerning the influence 
of dust soiling on performance was answered with a direct 
comparison of the cleaned reference modules to the 
ordinary uncoated PV modules. For the six-month analysis, 
the results indicated that after a 75-day absence of rainfall, 
the largest decrease in ideal performance of the stationary 
PV modules was approximately 2% – much less than the 
expected 5–10 %. This low percentage was attributed to 
the uniform dust distribution on the PV modules, primarily 
due to regular wind flow that helped to remove dust 
particles and avoid build-up of dust spots.

Ironically, it was found that the hydrophobic coating 
actually promoted dust soiling on the PV modules. As 
expected, the hydrophobic coating effectively allowed 
large water droplets to accumulate on the module 
surfaces, then roll down, capturing and removing dust. As 
time passed, however, it was observed that dense dust 
patches started to appear on all of the coated PV modules. 

Importantly, the in-field observations revealed that the 
wave-like dust lines were not always present on the 
uncoated modules. Also, these dust lines did not occur on 
the single-axis-tracker modules, since the steeper incline 
of the modules allowed water to disperse faster, leaving 
no water layer to accumulate dust. For the coated single-
axis-tracker modules, the formation of small dust patches 
resulted in a maximum performance reduction of about 
5.4%. Regarding the passive cleaning strategies, the self-
cleaning manoeuvre did not deliver any conclusive results. 
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Application of a hydrophobic coating to the surface of PV modules caused large water droplets to accumulate (left), while water 
spread out uniformly on untreated PV modules (right).
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The research team developed a machine-learning model to emulate the behaviour of Scatec Solar’s 75 MW Kalkbult PV system.
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In this time-series forecast, the bell-shaped curves represent 
the energy delivered from the sun for six days. As the sun 
rises, the power output increases until it peaks at midday. 
The third, fourth and fifth bell-shaped curves represent 
cloudy days. The blue line represents the actual power 
output and the orange and red lines represent the power 
output predicted by the machine-learning models. 

With the overall effects of dust quantified at a 
performance reduction of about 2% for the experimental 
site, PV module operators in the Northern Cape can 
seemingly relax their concerns of dust soiling a little, 
but maintaining a set of cleaned reference modules is 
advisable for ongoing monitoring. Gathering data on the 
effects of dust on power output at their own sites will 
allow them to make ad hoc decisions about cleaning, 
which could make a huge difference in overall PV system 
efficiency.

Expanded research focus 
Our research team then tackled a more pressing issue, 
which is the unpredictability of solar power. In sharp 
contrast to stable fossil-fuel driven generators, energy 
supplied from large PV systems is characteristically 
intermittent, due to a high dependence on atmospheric 
and environmental variables such as sunshine, clouds, 
temperature and dust soiling. This means that as we 
continue to add more solar PV systems to our electrical 
grid, the volatility of power supply will increase. This added 
level of uncertainty can be strenuous on the electrical 
grid, complicating grid balancing and planning, and hence 
threatening grid stability. 

To address this growing problem of PV system volatility, 
PV power forecasting serves as a vital tool that allows us 
to predict the expected power to be delivered within the 
next few hours and days. Employing artificial intelligence 
and machine learning, the research team developed 
forecast models to assist grid and PV system operators, 
using data provided by our research partner Scatec Solar 
for its 75 MW PV system.

After executing this intensive research project, forecasts 
one to six hours ahead with an error of 1.27–8.29% were 
obtained for all weather types. Bluntly stated, this means 
that power forecasting accuracy is mostly above 90%. 

The research also investigated other interesting ideas, like 
using multiple machine-learning models to predict the 
power output of smaller PV module segments within the 
larger 75 MW PV system. Internationally, this was one of the 
few forecast research projects conducted at such a grand 
scale. Apart from this research also being the first of its kind 
in South Africa, it has received international recognition, 
being published in one of the highest-ranking journals for 
this research field.

Since South Africa is blessed with so much sunshine, solar 
power is a resource that we simply must utilise to the best 
of our ability. We have the best engineers in the world 
working on solar power, and this research field has a direct 
impact on our country and its people.

Dr Armand du Plessis  was awarded his MEng degree for his thesis on 
dust soiling, and his PhD for his thesis on PV power output forecasting. 
The dust soiling research was conducted with Dr Johann Strauss and 
the PV forecasting research with Dr Johann Strauss, Dr Arnold Rix and 
Scatec Solar.
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