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Introduction to soiling issue

Measurements and sites used in this study
Soiling model architecture, training and validation
Results and performance of soiling model
Summary and outlook
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Soiling information on a global scale?

» There are several instruments for soiling measurement available

* Long term measurement of the soiling rate is time consuming, costly and only
for singular points (within solar field or in resource assessment)

» Project developers require more global data for site selection

Motivation:

» A soiling model could predict the soiling rate from other weather parameters that are
more broadly available
» Design model such that it can be integrated into a global dust and weather
forecasting model
=> soiling forecast, soiling map
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Measurement of Soiling rate

ain
Sample Pyrhelio-

» Solar weighted specular reflectance p -
» Cleanliness = pPg,icq / Pelean |

e TraCSs:

» Parallel real time measurement of 4 samples
* Sun as light source

Tracking Cleanliness Sensor - TraCS

- Rotation to increase measurement spot NV ’R DNl
« 5 years of CSP soiling data at PSA /7 v R
» Parallel measurements of aerosol particle e \ I
number size distribution (0.25 — 30 pym), I
wind, relative humidity, rain, dew etc. I
DNy y DNI,

.

\
Sun tracked

Dew sensor 3D Wind, rain,
temperature
& Pitz-Paal, R. (2012). A novel methodifofautor

Optical particle counter

# Wolfertstetter, F., Pottler, K.
DLR soiling rates. SolarPACES 2012

Wolfertstetter, F.: Effects of

,‘power plants. PhD thesis,



DLR.de ¢ Chart5

Soiling model: main deposition mechanisms

Model is based on atmospheric aerosol transport literature
Particle deposition there is characterized by the deposition velocity towards the
ground — not a mirror!
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Also considered.:
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Soiling model: impaction

» Stokes number decides if particle follows
the air flow (<1 = they follow)
* D, Is dependent on impact angle of
air flow

e CSP mirrors are tracked

=> Mirror orientation relative to wind speed
for every time step is determined to calculate
deposition velocity
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air stream
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Soiling model: Particle rebound
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Soiling model: particle flux and surface coverage
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Soiling model: from depos. velocity to soiling rate

» Deposition velocity for various wind speeds

agrees well with literature

» Transfer to optical effect of soiling:
» Determine covered surface
« Empirical linear correlation between soiling
and covered surface to get soiling rate
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Soiling model: input data and parameterization

» 8 unknown model parameters
 Fitted by parameterization with one part of the measurement dataset

» Aerosol particle number concentration from 0.25 ym - 30 um
« Wind, relative Humidity, rain, irradiance, dew, temperature, etc.

» Second part of data used for model validation =TT
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 Model validated for two sites

* RMSE = 2 x soiling rate measurement accuracy
» Bias = 0.5 x soiling rate measurement accuracy

Soiling model performance
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Soiling model performance

100 L

» Approximate soiling information is often
sufficient for cleaning scheduling

 Binning of soiling rate into low (<1 %/d) and
high (>1 %/d) soiling rate

» Result: low soiling days are predicted | L
correctly with more than 90% probability T e T
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Outlook: Soiling rate map and forecast

» Atmospheric dust transport model NMMB MONARCH by BSC.:
« Based on weather forecasting models
« 36h (regional) — 72h (global) forecast of atmospheric dust load and
,2deposition“ in 10 x 10 km? resolution
 The model includes the weather parameters used in our soiling model

=> |t is possible to integrate the CSP soiling model into dust transport models

NMMB/BSC-Dust Dust Load (g/m’ ) and 700 hPa Wind
36h forecast for 00UTC 10 Feb 2018

hitp:/ /wwwbsc.es/projects/earthscience | NMMB—BSC—DUST/
: = l
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Outlook: Soiling rate map and forecast

Activities within the SOLWATT project in collaboration with BSC.:

* integrate the CSP soiling model into BSC atmospheric dust transport model
» Expected outcomes:

 soiling rate forecast for the next 36 hours

* soiling rate map from reanalysis of historical dust model data

» Aplication to absorber tube and PV soiling is possible (not foreseen in
SOLWATT)

NMMB/BSC-Dust Dust Load (g_‘rre" ) and 700 hPa Wind
36h forecast for 00UTC 10 Feb 2018

p: | [www bsc.es /projects /earthscience | NMMB— BSC—DUST/
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Conclusions and outlook

Extensive soiling and weather measurement dataset has been acquired at two
sites

Soiling model has been developed based on deposition mechanisms
Model is optimized with training dataset from PSA
Validation for data from two sites delivers promising results

Integration into dust forecast model is foreseen to create soiling forecast and
soiling map




Thank you for your attention

fabian.wolfertstetter@dlr.de

Recommended reference on soiling model:
http://wascop.eu/wp-content/uploads/2018/06/WASCOP_deliverable_3.2 final_plainText.pdf
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Soiling measurement setup at PSA

PV reference cells PV panels SCC TraCS for 4 transmission measurement
comparison mirrors (tubes)

PV panels _
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ener M E NA networ k Operational since 2010 -2013
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Soiling Rate over year
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Comparison of soiling
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- CSP soiling rate approx. 8-9 times higher than PV (0.35%/d and 0.04%/d)
- Assumption: same surface densities of dust and dirt
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