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Indoor Experimental Study of Soiling Loss and Influencing Factors
at Sydney, Australia

Aerosol accumulation on solar panels reduces energy yield (soiling loss), particularly in regions
prone to dust storms, bushfires, and limited rainfall, as well as contributing to photovoltaic (PV) panel
degradation. Bushfire events and the recent dust storm in Sydney underscore the need to analyze
solar PV performance in these extreme weather conditions. Isaza et al. (2023) assessed the impact
of air quality on rooftop PV during the "Black Summer" (2019-20). The power loss during hazy
conditions as compared to clean conditions was 20% while on December 10, 2020, the hourly power
reduced by 20-65 % due to high bushfire activity (Isaza et al., 2023). Similarly, Prasad et al. (2022)
modelling reported 20% soiling loss (6 gm-2) at Broken Hill solar farm during the dry period of 2
years from 2013 to 2015 (Prasad et al.,, 2022). These studies show that soiling is of critical
importance, impacting solar PV performance. Various factors that influence soiling loss include tilt
angles, humidity, temperature, wind speed, aerosol morphology, rainfall, and PV technology.

These influencing parameters interact with each other in outdoor uncontrolled conditions, and their
impact on soiling loss could be positive (reduce soiling) or negative (promote soiling) depending on
their interaction with other parameters. For instance, light rain promotes soiling by converting dust
into mud, while heavy rain helps in the natural cleaning of solar panels (Conceicao et al., 2020;
Kalogirou et al., 2013). Similarly, fine particles, due to their higher packing density, are considered
to have higher soiling loss as compared to macro aerosol particles. However, depending on the
geometry of these particles, fine particles may have better optical performance than macro particles
(Kalashnikova and Sokolik, 2002) (Tanesab et al., 2019). Therefore, the study of these interactions
between influencing parameters is important to devise effective mitigation strategies and advise
cleaning intervals. However, outdoor soiling data is prone to uncertainty and complexity due to
uncontrolled conditions, which makes the study of the combined interaction between influencing
parameters quite complex. Therefore, a controlled environment is required to single out and then
combine the impact of the various parameters that contribute to soiling, and then determine the
corresponding cleaning solution (Khodakaram-Tafti and Yaghoubi, 2020). Indoor soiling stations
enable the creation of a desired environment inside the chamber and, therefore, allow one to perform
soiling loss investigations and analysis for any climatic region in the world. Moreover, indoor soiling
stations allow quick and repeatable soiling testing by simulating a daily outdoor soiling cycle within
a few hours. During indoor studies, glass slides can also be placed alongside the solar PV test
samples so that various other characterization techniques may be applied for detailed analysis of
dust. such as X-ray Diffraction (XRD), Ultraviolet Spectroscopy (UV-Vis), Scanning Electron
Microscopy (SEM), etc. (Younis et al., 2024). These techniques help reveal information about
transmittance, elemental composition, topography, and morphology of deposited aerosol particles.
In this study, an indoor soiling station (See Figure 1) has been installed, capable of controlling
temperature, smoke generation, rainfall, light, humidity, orientation, and aerosol composition. By
changing one parameter and keeping other parameters constant, the isolated impact of various
influencing parameters can be studied, which then can be combined to study the interaction between
influencing parameters.
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Figure 1: Overview of Indoor Soiling Station Installed at UNSW

The experimental methodology (See Figure 2) involves exposing PV mini modules after measuring
short circuit current (up to 160mm x 252mm in size) and glass slides after measuring transmittance
to the desired outdoor soiling cycle at a specified tilt angle. The dust sample will be placed in the
dust box after SEM and XRD analysis with known weight, morphology, and composition. The mini
modules and glass slides will be cooled down using Thermoelectric Peltier elements attached to an
adjustable stand at the desired low temperature of the area for which the soiling cycle is being
simulated in the soiling station. Relative Humidity (RH) at a set value (Ink Bird Humidity Controller)
will be introduced inside the chamber using a reptile fogger. After that, the dust from the dust box
will be dispersed inside the chamber using compressed air to form a dust cloud. The time for dust
settling through gravity will depend on the RH level. Then the temperature of the solar panels and
glass slides will be increased to the desired value to bake the dust layer. After maintaining a high
temperature set value for 10 minutes, the panels and glass slides will be cooled down to ambient
temperature. The difference between weight, short circuit current of solar panels, and transmittance
of glass slides before and after the soiling cycle will provide the soiling loss and transmittance against
the determined dust density. SEM and XRD analysis of soiled glass slides will inform about changes
in dust composition and morphology after being exposed to the daily outdoor soiling cycle. Now,
these samples will be naturally cleaned using a rainfall setup (drizzle, moderate, or heavy rain), and
IV measurements and characterization of glass slides will be performed again.
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Figure 2: Overview of Indoor Soiling Experimental Methodology

Another limitation of outdoor soiling studies is that they are hard to reproduce; while using an indoor
soiling station, a validated methodology will enable reproducible soiling studies. This experimental
study will assist in identifying the critical soiling loss drivers, along with the determination of the rain
threshold for cleaning different PV surfaces and aerosol compositions in various climates. The
results obtained from these indoor soiling studies will be compared with outdoor soiling studies and
will be used to guide soiling loss prediction models for accurate soiling loss prediction and regional
applicability. Currently, this study is underway, and results are not available.
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