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Abstract. Soiling is a factor of major importance regarding any solar energy conversion technology, as in Photovoltaic
(PV) panels and, namely, in concentrated solar power (CSP), since scattering due to particle deposition severely reduces
the mirror’s reflectance. Concerned with this problem, a collaboration between the Renewable Energies Chair, University
of Evora, Portugal and the Institut de Recherche en Energie Solaire et Energies Nouvelles, Morocco, was created to
investigate and compare soiling in mirrors in both locations. This research enables the comparison between particle
deposition effects in the two climates, crucial to implement mitigation measures. Southern Portugal and Northern Africa
have considerable potential for future CSP installations, which makes this study relevant from an economical point of view,
as it may influence the maintenance procedures and expected energy production of such CSP plants.

INTRODUCTION

Particle deposition, among other environmental factors, has been intensively studied in PV technology [1-5], since
within solar energy conversion technologies, it is the cheapest and the easiest to install, thus the one with highest
deployment so far. However, projections show that CSP installed capacity will tend to increase in the near future [6]
(due to the particular conjunction of energy storage and dispatchability), especially in locations with high beam
irradiance values, [, like North Africa and Southern Europe. Nevertheless, interesting studies have been made in this
topic [7,8]. Unfortunately, in these locations, dust is of concern and can have severe consequences on mirror’s
reflectance [9-11]. Considering this, and the fact that Morocco has already started building large CSP plants (such as
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Noor complex in Ouarzazate) and the fact that Portugal is also a prominent country for the implementation of such
plants, specially its southern region [12], it is essential to investigate soiling effects on mirror’s specular reflectance
in both countries. The locations where this study is made are: Plataforma de Ensaio de Coletores Solares (PECS),
Portugal (38° 34’ 0.01" N; 7° 54’ 0.00” W): Green Energy Park (GEP), Morocco (32° 12 0.00” N; 7° 94’ 0.00" W). It
should be noted that it is not only Morocco that can suffer from Saharan desert dust events, since long-range dust
transport creates problems in Portugal [13].

This study is the beginning of a comprehensive research regarding soiling, namely for flat mirrors in CSP plants,
like in Tower and Fresnel ones (since the measurement methodology is based in a flat mirror, as it will be shown
further below).

METHODOLOGY

The methodology is based on the use of a TraCS (Tracking Cleanliness Sensor) system, commercialized by CSP
Services (Germany). This system includes 2 pyrheliometers and a rotating mirror mounted on a solar tracker (SOLYS2
from Kipp and Zonen), see Fig 1. This apparatus works by comparing I;,, measured by the pyrheliometer towards the
sun, with the irradiance reflected by the mirror to the second pyrheliometer, Ij. It is then possible to calculate the
dirtiness index, 4, to obtain an estimation of the soiling effect on the reflectance, as shown in Eq. (1).

p=1-2 (1

. I . . L .
withp = I—b and the parameter p, correspond to the weighted reflectance of the clean mirror, which is used to normalize
b

the measurements. Therefore, if 1 = 0, it means that there is no soiling affecting the mirror’s reflectance, while 4 = 1
implies a maximum soiling effect. It should be noted that A is a dimensionless quantity (between 0 and 1). Manual
cleaning is performed every two weeks on both sites, to avoid soiling saturation, mostly in Morocco, and bird dropping
effects, which otherwise cannot be controlled. It is worth mentioning that the pyrheliometers, on both sites, are cleaned
daily, except on weekends.

FIGURE 1. TraCS systems at PECS (left) and at GEP (right).

Moreover, besides the maintenance protocol, the quality control check procedure and algorithm flow to process
the data are presented next:

e Remove values higher than 1 and lower than 0 from the TraCS data (which is already the ratio between the
reflected and direct normal irradiance).

e Remove values which correspond to direct normal irradiance values lower than 400 W/m? and higher than
1380 W/m? from the TraCS data.
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e Remove minutely values over and under 1 standard deviation from the respective daily mean from the TraCS
data.

Remove days which have less than 60 minutes of data.

Calculate daily mean for I} and I,,.

Calculate p, for each time the mirror is cleaned and use that value for the next weeks, until it is cleaned again.
Calculate A.

There will be days that due to clouds/bird drops events were removed using the filters referred before. For
better readability (if it is assumed a linear increase/decrease of the soiling), the data is linearly interpolated.

The results and discussion will be presented in the next section.

RESULTS AND DISCUSSION

The first results, shown in Fig. 2, show that the A1 values in Morocco are much higher than the ones found in
Portugal by a factor of approximately 3; (particularly when desert dust events happen and reach Portugal). This is
expected, since GEP is located near the largest desert of the world, the Sahara Desert, which contributes to higher air
particle concentration, compared to PECS, and therefore can lead to higher particle deposition and harsh soiling effect
on solar energy conversion technologies. In PECS, except for the case of long-range dust transport and rain (discussed
below), the soiling effect behavior is similar between cleanings. The cleanings were performed every two weeks,
except for the month of June, where it was performed with a delay of 5 days. It should be note that there was a day
with high precipitation during May, however it was an event at the afternoon, lasted for an hour and the wind was
blowing mainly from the North (data not shown). Since the TraCS system follows the sun apparent motion and at that
period the mirror was facing southwest, it did not allow significant cleaning. However, it should be noted that in a
CSP plant, the solar field motion might not be the same, resulting in a different outcome.

For Morocco, and moreover due to the dry hot climate [14], as well as, Portugal, during summer, soiling is
considered as an important issue [15]. According to the measurements in Morocco, the A values generally float
between 0.2 and 0.25 after two weeks of mirror exposition without cleaning. Besides, if a specific phenomenon
happens, like red rain [16], these values can go much higher, like in 24" of April and 3™ of August, where the
measured A are of 0.46 and 0.27, respectively. The red rain phenomenon will be discussed in detail in the next part of
the paper.
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FIGURE 2. Dirtiness index at PECS (left) and Green Energy (right).

The A value between two weeks, for PECS, usually reaches approximately 0.06. This value was calculated based
on the mean values of 1 at the end of every two weeks. If this value is divided by the number of days in two weeks, it
gives approximately 0.004 per day (assuming a linear increase in reflectance loss), which is denominated as daily
dirtiness rate. This value may seem low, but if no cleaning is performed, and if one assumes that particle deposition
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will keep increasing with this constant rate, this value can achieve 0.12 after a month, which is denominated as
extrapolated monthly dirtiness rate. This parameter is extrapolated from the mean A results after two weeks. Such
soiling level will drastically influence CSP performance [17]. For GEP, there is, in a two weeks period, a dirtiness
index around 0.2, which per day is approximately 0.013 (more than 3 times the value for PECS). If the same logic is
applied as before, after a month if no cleaning is performed, the dirtiness index can reach around 0.4, which is an
extremely high value. This value can be even higher, if a dust storm and/or a red rain event happens. The results
mentioned before are summarized in Table 1.

TABLE 1. Daily and extrapolated monthly dirtiness rates at PECS and GEP.

PECS GEP
Daily dirtiness rate (%/day) 0.004 0.013
Extrapolated monthly dirtiness rate (%/month) 0.12 0.4

EFFECT OF LONG-RANGE TRANSPORT OF SAHARAN DESERT DUST

Long-range transport of Saharan desert dust have an impact in Portugal, if long-range transport of such events
reaches it [13]. On the 21% of April 2018, one of such events started to take place and ended around 24% of April 2018.
Barcelona Supercomputing Center (BSC) forecasts depicted its occurrence, see Fig. 3. The long-range Saharan desert
dust event reached Portugal and caused an important drop on the mirrors optical efficiency. It was the highest drop
registered during the campaign for Portugal, approximately 0.18. BSC forecasts are used to access the difference on
the effect on both sites, see Fig. 3. In PECS it can be seen the effect of such event in Fig. 4.

Barcelona Dust Forecast Center - http://dust.aemet.es/
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FIGURE 3. BSC forecasts for dust load in April 21 2018 (00:00 h on the left and 06:00 on the right), Data and/or images from
the (NMMB/BSC-Dust or BSC-DREAMS8b) model, operated by the Barcelona Supercomputing Center
(http://www.bsc.es/ess/bsc-dust-daily-forecast/).

Since GEP is closer to the dust source than PECS, it is only natural that the number of particles reaching GEP is
higher. For this event, which happened between 21% to 24™ April (although the dust deposition may occur over several
days after the event due to dust suspension/resuspension), BSC forecasts show a dust load around 6.4 g/m?, which is
a very high value, while for PECS is in the range between 1.6 and 3.2 g/m? which at most, is half the dust load
forecasted for GEP’s location. During the transport, dust will eventually deposit over time, leading to a reduced dust
load. GEP registered a reflectance loss around 0.45, while PECS, due to this event, had a loss of approximately 0.18.
It is very interesting to note that between both regions, in the desert dust event and in normal conditions, it seem to
exist a factor of approximately 3 regarding the soiling effect.
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FIGURE 4. TraCS mirror at PECS after long-range transport of Saharan desert dust.

Nevertheless, independently of the location, Saharan desert dust events have a very harsh effect on mirror’s
reflectance, higher than on PV [13]. Dust forecasts may become very important for cleaning strategies in the future
and thus for the electricity market.

RED RAIN EFFECT

One of the major concerns for solar plants operators are the red rain events [18]. Red rain is a phenomenon that
happens when a small amount of rain event occurs during a dust loaded atmosphere. This leads to the drop of high
dust particles on the mirror surface that agglomerate and stick strongly on it (see Fig. 5), which results in a
considerable reflectance drop. Indeed, as it can be seen from Fig. 6, the reflectance measured on the 24" of April was
around 66.2%, which represent a drop of 27.8% from the mirror’s initial reflectance and a drop of 19.7% in only one
day. It should be noted that this are not normalized A values, but the absolute ones, regarding the mirror’s reflectance
in clean conditions.

This phenomenon happens after the coincidence of two events: a high dust load in the atmosphere from the 21% to
the 24" of April, causing dust transportation from North Africa to Europe, and a small rainfall of 1.4 mm in the night-
early morning of the 23 and 24™ of April.

FIGURE 5. TraCS mirror in a clean state (left). TraCS mirror after red rain event at GEP (right).
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Reflectance loss is not the only issue related with red rain events, mitigation can be a strong problem for the plants
O&M crews. In fact, cleaning the mirrors after red rain events requires a lot of water, and associated labor, to enhance
their optical efficiency, which results in higher maintenance costs. This is also concerning since MENA regions are
usually associated with water scarcity.
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FIGURE 6. Daily reflectance drop of TraCS mirror at GEP due to the Red rain event (Reflectance scale starts at 50%).

CONCLUSIONS

This paper presents preliminary results of the comparison of soiling measurements in Portugal (Southern Europe)
and Morocco (Northern Africa). The two countries have good prospects for CSP implementation and thus, soiling
needs to start being accounted for. As expected, Morocco is found to have substantially more soiling, with daily
dirtiness rates of approximately 0.013 in comparison to Portugal, with just approximately 0.004. Nevertheless,
Morocco was affected by a Saharan desert dust storm and some of the dust was also transported to Portugal, attaining
dirtiness index of 0.18 and 0.45 for Portugal and Morocco, respectively. Moreover, it was shown how Morocco can
be drastically affected by dust followed by a Red rain event, which highlights the need for mitigation techniques and
cleaning mechanisms. The use of forecast tools for such events in the management and operation of CSP plants was
discussed and perhaps, in the future, they will be useful for mitigation techniques. Moreover, new cleaning
mechanisms, spending less water than the ones existing today, need to be developed, since both Portugal and Morocco
are countries that may experience or are already experiencing high-water stress levels [19], namely in the areas that
have potential for CSP plants implementation.

Future work of this collaboration will be centered in a long term assessment of soiling effect on both locations,
including spring effect, when the concentration of pollen and other organic soiling is higher in the atmosphere [20].
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