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Identification of Soiling Properties for Different Minerals on Solar
Mirrors via Artificial Soiling Setup
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Overview

* Introduction

* Motivation, economical and environmental cost of soiling
« Methodology

« Atrtificial soiling setup

* Optical measurement systems
* Results

 Homogeneity

» Reflectance after cleaning

« Comparison to outdoor samples

Aissa 2016
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Motivation
. . . Soiling Publications
Solar industry progressively targets arid areas (akars Tmohnology: Seleted)
. ) 140 .
for their projects. m cep

120

Increasing economic loss of 3-5 billion €.
Water is a scarce resource especially in arid
areas.

8O

In order to assess mitigation techniques and

Publications

60

gualify novel materials accelerated soiling tests
are inevitable. 0

Types of dust vary significantly for different

20

sites.

2008 2008 2010 2011 2012 2013 2014 2015 2016
Year

Costa 2017
llse 2019
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Motivation — soiling characteristics

» Diameter of particles between submicron to around 50um.

* Mineralogical composition and morphology varies around
the globe (calcite, dolomite, quartz, feldspars and gypsum).

* Mineralogy determines chemical and morphological
characteristics.

» Also dew and rain are an additional parameter.

Erg Chebbi

Tabernas

Tantan

Zagora

Erfoud

Ben Guerir

Missour



https://www.sand.world/sand-collection/index
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Motivation — mineralogy on erosion

Different minerals also influence erosion intensity:

R
. o . >
Glass mirrors exposed in artificial erosion setup to three
different mineral test dusts (quartz, gypsum and calcite) = :
e
-> Quartz highest effect on erosion, ascribed to
highest mineral hardness.
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Methodology — artificial soiling setup

%\\}\\ \ T ~Ca——— — Setup Characteristics:

(4

| M « Constant and continuous
i gt . _N\‘

v‘ Tf; e '.%

R dosing also at small mass flow

rates down to 0.2g/h

« Usage of different powders
possible.

* Nebulizer produces fine water

mist to simulate dew formation.

sample position

TOPAS aerosol generator
ultrasonic nebulizer
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thodology — Test dusts 12
' ~ ¥* Test dusts: 1o : i
. Calcite —m > % : :gjssrzzm
* Quartz ———5  Z°
« Gypsum é !
« PSA (Spain) <53pum ik
’ 0 20 40 60 80

particle diameter d [um]
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Methodology — soiling procedure

\ 7’

l water tank I

A .
2m
v (J
sample .

Soiling Issue: Inhomogeneous soiling characteristics
from outdoor samples

Procedure: soiling - water vapor - characterization - artificial rain 2>
characterization

Artificial rain specificiations: Around 4l/m? raindrops from 2 meters
height, airdry afterwards.

Heimsath 2019
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Methodology — characterization

ource Aperture
.25 mm)

Sample

Devices & Services —Reflectometer
Model 15R-RGB: Goniophotometer (MIRA):
» Acceptance angles ¢= 7.5, 12.5, 23 mrad - Acceptance angles @ up to 100mrad

* Wavelength of light source: A= 660nm « Wavelength of light source: A= 633nm

* Incidence angle 6 =15 » Incidence angle 6=7- 45" (setto 15" )

Meyen 2014
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Results — Calibration: mass to reflectance

Dust mass my on reflector in

Solar ranmittance (AM1.5) [
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Results — microscope after soiling procedure
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Results — reflectance data from MIRA and D&S

Reflectance as function of acceptance angle
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Results — after cleaning by artificial rain
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Results — reflectance data after rain
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Results — comparison to real outdoor sample from PSA

- Comparable soiling picture
from artificial laboratory
experiment and outdoor
exposure
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Conclusion and Outlook

« An artificial soiling setup has been developed, promising first test results
regarding, homogeneity, reproducibility and realistic properties.

« Different test dusts could be applied on state of the art reflector samples.

« Reflectance in the soiled state was comparable for all samples.

« An artificial rain cleaning procedure could restore the initial reflectance
partially.

« The cleaning procedure had the smallest effect for the sample soiled with
guartz dust.

« Search for further characterization techniques in order to describe similarity
between real outdoor and artificially soiled samples.
* Round Robin Partners
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Thank you for your attention

27th SolarPaces, 27.Sep-1.0ct 2021, Online Event
Florian.Wiesinger@dir.de




