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Analysis of the soiling effect under different
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The effects of deposition of dust (soiling) on photovoltaic (PV) modules, mainly on their
energy production, is a topic that is gaining importance, related to the increase in PV
installations in very sunny arid areas and, therefore, which theoretically lead to higher
energy production. Due to the multitude of influent factors regarding soiling
experiments, the use of a climatic chamber dedicated to the study of soiling is a subject
of great interest.

This work presents a methodology to reproduce the soiling process and the analysis of
its effects, using optical and electrical approaches. The experiments included smulating
different climatic conditions representative of the desert climate. In total, 19 replicates
were performed for three different experiment conditions on five different glasses and
two solar cells. Different glass samples, with different anti-soiling treatments, have been
used to measure optical transmittance losses and to examine deposition by microscopy,
while photovoltaic cells have been used to quantify electrical losses.

The dust load ranged from 1.30 to 1.63 g/m? promoting electrical losses from 4.73 to
6.90% depending not only on the dust load but also on the conditions in which it was
deposited.

KEY WORDS: Soiling, Soiling chamber, Anti-reflecéi\glass, Anti-soiling glass

1. Introduction

1.1.Soiling causes loss of electricity production

The effect of soiling in a photovoltaic system iainly the loss of solar radiation that reaches
the cell and, therefore, a decrease in the prooludi electricity. This is the main impact, but

not the only one. Different studies determined tligpending on the area where the solar
plant is located, it can imply a loss of 1% per,dayd accumulated during dry periods can

reach 40% [1] or up to 60% [2] causing significkrsses [3], [4].

Other undesirable effects caused by soiling inclimepossibility of the appearance of hot
spots, due to the shading effect of the dust onespants of the module, which could cause

long-term degradation promoted by the dust cemientat

Different works have analysed the causes and sffgicsoiling. The combination of factors

plays an important role in the deposition of thetdn the panels. The angle of incidence [5],
must be taken into account in fixed module plawtsgere according to experiments, the losses
vary from 2.3% under normal incidence (0°) of tightl to the panel, to 8% when the angle is
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58°. Also the formation of dew during the night atr dawn, is a factor that drastically
influences the deposition of dust and causes cextient
1.2. Influence of natural factors and system design

Soiling on a PV module is a complex issue becafisheonumber of factors that influence
deposition, in addition to the bonding forces oftigées to the front sheet of PV panels [6].
lise et al. [7] noticed the high heterogeneity regeg the different scales of these factors that
can be linked to the dust, the module and the enmient. Many studies seem to assign the
particle size parameter as one of the most inflakfdactors and PM2.5 and PM10 (airborne
particles with a diameter less than or equal to [@rb and 10um, respectively) are the
primarily responsible for covering the surfacelwé tnodules [6]-[11]. Due to their lightness,
these 2.5um particles can travel long distances [12] andehere some well-known dust
sources such as the deserts of the Middle Eastfi8]Sahara desert [14]-[16] or the Asiatic
deserts [14] from where the particles could be tehit The diameter of the particles is a
parameter that we must consider to perform somiysisaaegarding soling.[15]

All these particles, but also the dust that carfdumd around the site of the PV plant, can
accumulate on the PV modules. The adhesion of dnécjes is due to various forces such as
Van der Waals, capillary, electrostatic and gramteal forces [16], [17].

The sources of dust but also the location of thelutes, are important because they will
determine the composition of the dust and, consdtjughe phenomena of bonding,
cementation, caking, and capillary. Several stugdresent an interaction between the soiling
rate and the dust composition [7], [18], [19]. Tdenentation process occurs after deposition
and requires more time to make the particles towell on the module. In general,
cementation seems to be highly related to reldtivaidity (RH) in the environment where
the modules are located [16]—-[18]. Depending of iiitymand temperature, dew may appear
[20] on the modules and a thin film of water wilcrease the adhesion forces responsible for
the cementation of the particles [21]—-[23]. Thistfa also needs attention in indoor soiling
studies. Understanding these parameters could tieadme prediction models for soiling
losses.[24].

At the module scale, its characteristics also haweimpact on the adhesion of particles,
especially with respect to the glass surface. Boresyears now, some glass manufacturers
are trying to develop different special anti-salicoating to mitigate the problem [25]-[27].

2. Objectives of the work

The objective of this work is to simulate differesailing situations, in different solar cell
glasses treated with different coatings, suggestingethodology to carry out tests in an
indoor chamber. In addition to this, not only gles but also two whole cells of the same
heterojunction technology (HET) but with a differgjlass treatment were analysed in order
to assess the differences.

The objectives can be summarized as:

- What is the effect of dry soiling at different teenptures?

- How does dew influence the impact of soiling?

- What is the relationship between soiling and tleeteical response of a cell?
- How does direct optical transmission correlate Wwsthdrop?
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3. Materials and Methods.

3.1.The soiling chamber

The main tool is a dedicated chamber developed B4. @t consists of a 100 cm x 60 cm x
50 cm rectangular base enclosure of with tempezatund humidity control. Inside the
chamber, air temperature and relative humiditycargrolled by a PID controller. It includes
two fans on both sides of the chamber (Bigare 1). Within this enclosure, air and sample
temperatures, and relative air humidity are moedonsing a GL240 and a EL-GFX-2 data-
loggers.

Figure 1.- Chamber internal view (left),and extériaw (right)

The temperature of the samples was controlled different system based on water flowing
inside the sample holder, whose temperature wastratiea through an external
cooling/heating system. Therefore, samples and temnperatures were independently
controlled.

The dust (soil) used for the experiments was tladstrdized ARIZONA ISO 12103-1
composed mainly of silica and various metal oxi(geTable 1), which are often found in
quartz and feldspar minerals. This soil is forceside the chamber by using an RBG 1000
dust diffuser (see Figure 2). The diffuser spret@sdust in the chamber using a rotating
brush and an air pressurized volumetric dust fepdevice. Upon reaching the chamber, the
soil is projected onto a deflector to generate mdwgeneous cloud above the tested sample.
The samples are placed on a tilting heating oriegoplate, according to the scheme
presented in Figure 3.

Figure 2: RBG 1000 dust generator
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Figure 3: schema of the process used for indoiicat soiling

CASNo Components Quantity
14808-60-7 Silica (fine dust) 69-77%
1344-28-1 Aluminium oxide 8-14%
1305-78-8 Calcium oxide (mineral) 2.5-5.5%
12136-45-7 Potassium oxide (mineral) 2-5%
1313-59-3 Sodium oxide (mineral) 1-4%
1309-37-1 Iron (l11) oxide (hematite) 4-7%
1309-48-4 Magnesium oxide 1-2%
13463-67-7 Titanium dioxide 0-1%

Table 1.- Arizona Dust Components list (accordm@® CFR 1910.1200 (g))

3.2.Experiments setup and test samples used

In order to simulate representative extreme siuatin desert regions, three different climate
configurations are reproduced within the chambeshasvn inTable 2

Name Experiment | Air temperature Sample Relative
type (°C) temperature (°C)| Humidity

(%)
Experimentl: 30 60 20 ARID 30 60 20
Experiment2: 10 5 80 DEW 10 5 80
Experiment3: 25 25 40 MID 25 25 40

Table 2.- Different experiments carried out.

These experiments reproduce some of the differematons that would occur in desert
regions. Experiment 1 would be similar to the bagig of a sunny day, with a big difference
between the solar module and the air temperaturesaddition to this, Experiment 2
reproduces the dew point phenomenon, which woutdiomainly at the end of the night,
when there is thermal inversion between the tenpess of the solar modules and the air.
During the night, the cells are dissipating the2ah(IR radiation) towards the sky and, as a
consequence, after a few hours, the panel temperatwuld be lower than the air
temperature. Finally, Experiment 3 represents a caghich the balance between the air and
the solar module temperatures occur, which woutiioon a cloudy but relative dry day.
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The test samples were chosen as follows:

Glass family: 50 x 50 mm, 2 mm thickness: Therefadbfferent glasses, each with its own
glass quality and coating treatment. Sample glassgde: plain glass (non-photovoltaic),

untreated photovoltaic glass, anti-reflective tmeat glass, hydrophobic glass and anti-
reflective/anti-soiling glass.

Single-cell module family: 160 x 160 mm glass-glésdass-glass, 5 mm thickness (see Figure
4). There are two different modules, both include same cell technology, but each with its
own glass quality and coating treatment: no treatraad an anti-soiling treatment.

- »

Figure 4: Five glass samples (upper part) and m‘iarmdules (lower part) on the tilfed plate inside
the chamber after soiling

The deposited dust was weighed using a precisidganba to observe and compare the
amount of deposited dust per sample, and then lagécLiper crhor per i for the different
experiments. To do this, the samples were weigleéat® and after each experiment.

3.3.Transmittance tests

There is a direct relationship between the opti@adsparency of the cell glass and the current
generated by the cell itself. To obtain the opttcahsmission response, the five glass samples
used for the tests were analysed by spectrophotpmhe spectrophotometer used was
Shimadzu UV 2600, which wavelength range in diteahsmission is 300-900 nm with a
resolution of 0,1 nm:

The relation between optical transmission and pladtaic efficiency is not obvious. First,
the transmitted light is formed by direct and sxattl light, but the use of a spectrometer only
considers direct light transmission, and second, spectral response of cell technology
favours some wavelengths over others.
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Before artificial soiling begins, in the glass fémiall samples are cleaned, and direct
transmission is measured.
Figure 5 shows the spectrophotometric results for each ¢yggass.

100 Optical direct transmittance on clean samples

/
/
/

B D [0}
o o o

Transmittance (%)
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300 400 500 600 700 800 900
Wavelength (nm)

Figure 5: Optical direct transmittance curves atgdithrough cleaned glass samples

We can see that glass B does not allow transmisgiaravelengths below 350 nm. This type
of low-cost standard glass does not benefit froengbecific manufacturing process with low
contamination by iron particles. In addition, weesthat glass D is significantly less
transparent than others, especially below 500 nm.

3.4.Electrical parameters analysed

The electrical impact is assessed by measuringsthdrop due to the effect of soiling. Tests
carried out on CEA flash solar simulator are at $b8ditions (Tcell=25 °C, G=1000 W/m
spectrum: 1.5 AM), Isc (short circuit current) isedtly affected by soiling, as it is directly
proportional to the incident radiation. The flagias simulator is a Pasan class AAA tester
with an accuracy of + 0,5%.

Indeed, the current generated follows the followaggation [28] :

[V+IRs]
=1, -1, (e mvt — 1) - % Equation 1

Where | is the photocurrent generated at the cell junctenmd | is the current obtained
outside the cell, which is affected by the seried the parallel resistances (Rs and Rp), the
working voltage V and the current of the diodeds well as temperature.

In normal operation, | goes from O (open circuit)gc (short circuit current). Focusing in Isc,
it varies with radiation (G) and temperature (Tdamy comparison should be made at STC,
so Isc should be translated intg. (short circuit current at STC) using the followifagmula
[29], [30]:

*

Isc = Ig¢ (%) —x (T — T*) Equation 2
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In I3c = Isc (%) —o (T — T™) Equation 2 G*,T* and I*sc are the radiation, temperature and
short-circuit current at STC, while G, T angare the actual measured radiation, temperature
and short-circuit current, respectively. Also, theonstant is intrinsic to the cell. In fact, the
cell current variation is proportional to its Isaration, according to EN-60891 and the
formula [29], [31]:

L =1 + I (i—i — )+oc (T, — T,) Equation 3

In Equation 3l; is the current measured at a givenr&diation and 7 temperature used to
calculate what would be the current that would easared at a given,@adiation and T
temperature. To decrease the measurement uncertéamt each experiment, at least 2
measurements are performed for the Isc and theysagsalesults are the mean value. To
confirm the good temporal stability of the measugatnthe samples are cleaned and tested
again at the end of the experiment, to confirm thatresult obtained is close enough to the
previous one, before the soiling operation.

3.5.Image processing and particle counting.

In addition to spectrophotometric analysis, we ttgyed and evaluated an image processing
measurement methodology with the aim of determitingysoiling coverage ratio. The tools
used were a Keyence digital microscope and Imagfédae.

The microscope captured the images, at magnificat to x1000. To minimize the spatial
distribution error, 5 points including the sampémte and the corners were analysed for each
sample under test. Then, the mean and variandeeafamples were evaluated to ensure the
validity of the test.

The magnification of the image depends on how tn& & distributed on the glass surface.
For example, in Experiment 2, dew generated cléammels on the glass (seigure6) and
high-magnification images (x1000) taken inside atsae of these channels may be
inconsistent. In this case, a lower magnificatx®0Q) is considered more relevant.

4

\ A i S, I

Figure 6.- Water channels on the glass surfaceuseoaf dew

The images in Figure 7 show the three stages icegeing the x1000 image, from the original
image to the filtered image, and finally after ttleeshold. In this case, the coverage
percentage was 13.9%. The case shown is one ofimhdests with high temperature

differences between the sample and the air.
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In the case of wet tests, where the dew point washred, the pre-filtering was not convenient
as it was for the tests mentioned above, and th@ifacation x200. Then a “Threshold” and a

“Particle Count” commands were applied. The image&igure 8, show the stages in the
x200 image processing. The coverage calculated) tisis method was 28.5%.
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Figure 8.- Original and processed x200 ilmégesarfsgtyioe C

4. Results and discussion

Three different environmental conditions were siaed, to analyse the different desert
conditions during the day and at night, named “80 20", “10_5 80", and “25_25 40" as
mentioned above. Only at “10_5 80" did the temperatlifference combined with the
relative humidity promote condensation on the sugfaf the samples. In total, 19 repetitions
including different experiments were performeddesihe chamber. Each of them included
weighing, spectrophotometry, image analysis andclibe analysis.

The samples were weighed before and after eachiemqrg in order to obtain the weight of
the deposited dust, and the mean values for allsdmaples were obtained for each
experiment (sedrigure 9). Even though the accumulated dust is not venh,hig is
comparable to low soiling rate situations that appefter a few days of exposure.
Furthermore, the load is consistent with the losgansmittance. The analysis of this point
will be made later.

Measured deposited dust

2.00 1.63
1.30

1.53

- -
0.00

m30_60 20

deposited dust (g/m?)

10 5 80 m25_25 40

Figure 9 Dust deposited after each experiment.
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4.1.Analysis of direct transmittance after dustaigqoon

Direct transmittance measurements showed a signifidrop in the three cases studied, for
all samples analysed. We can observe this dropeémh type of glass and for each
experiment. According to the results, the highespaccurred in the experiment “25_25 40"
(T-air= 25 °C, T-cell=25 °C and RH= 40%) and thedst in the experiment “30_60_ 20" (T-
air= 30 °C, T-cell=60 °C and RH=20%) and that isfcmed regardless the type of glass.

Figure10 shows the transmittance curves resulting fromettperiment “30_60_20" and

Figure 11, those resulting from the experiment “25_25_ 40ieTain difference between the
setting of these two experiments is the temperaititbe glass. The results clearly show that
this temperature parameter significantly mitigatesoptical impact of soiling deposition.

Transmittance after dust deposition. Transmittance after dust deposition.
" " i "25_25_40" Experiment
100 30_60_20" Experiment 100 _2o_ xperi
80 80
Py ) r 1 -_— L) - -_—— A -
'§ <
EBO , B‘é’eo _SER.__SED __GED __emn comn omn e oo
: s [
£ 40 A B g40 / A B
= = L
= C = c D
20 e a E 20 - E
0 0
300 400 500 600 700 800 900 300 400 500 600 700 800 900
Wavelength (nm) Wavelength (nm)
Figure 10.- Direct optical transmittance aftertdésgure 11.- Direct optical transmittance after dqust
deposition in dry and hot conditions deposition in dry conditions when T-cell and Tiair
are similar

Regarding the experiment “10_5 80", where the dewmtpvas reached, the results were not
as homogeneous as for other experiments, showipgrtant differences depending on the
type of the glass. Then, in Figure 12 it can bengkat glass E is more efficient, showing less
loss of direct transmittance compared to those ah@D.

Transmittance after dust deposition.

100 "10_5_80" Experiment

80
Q -— - -—— -_— -—— -— L] -_— - -_— - -
g 60 £,
:
g 40 A B
= — . C

E
300 400 500 600 700 800 900

Wavelength (nm)

Figure 12.- Direct optical transmittance after diegposition when dew point is reached
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The figures above show the effect of soiling on dect optical transmittance curves for
each experiment. As already mentioned, the diracistnittance presented up to now, is not
weighted according to the spectral response otcatlyHowever, if we compare the results in
Figure 9 with the results in Figure 10, Figure 11, and Figure 12 the dust load and direct
transmittance are related, as expected. In the section, direct transmittance is related
(weighed) to the spectral response of cells, whsclised in the family of samples from
single-cell modules.

4.2.Comparing soiling optical effects using thectrz response

The direct transmittance drop was high (20-30%)fath dry cases, compared to the original
data under clean conditions. This effect must aersihe spectral response of the solar cell
where each of the glasses would be used. Theredoferther analysis was performed to

consider the spectral response of a HET cell. Relatansmittance loss, multiplied by the

Spectral Response (SR), also known as responsavity, standard irradiance (AM1.5) at a
given wavelength Gj were used.

Depending on the responsivity of the cell, the graittance at some wavelengths will impact
more or less than at other wavelengths. The resptns generally determined in units such
as photo-current density generated to the incidmiition at a given wavelength, following
the formula [32]:

SR(A) = % [%] Equation 4

In this equation, Jph is the density of the photant in A/nf, and G is the incident radiation
in W/ n?, both at a each wavelength To be used, it is generally related to the quantu
efficiency (QE), defined as the number of chargeiea collected by a cell due to the flux of
the incident photon [33], and follows the next foiten

QE (1) = Ton)/a Equation 5

Tlph
Where QE is the quantum efficiency or the electrobiined per photon, q is the charge of
the electron in Coulombs anghns the photons flux in photons/stnThen, using the Plank-
Einstein equation (Eskrhc/h) and the values for the Plank’s constant (h),sibeed of light
(c), and the wavelengthof the incident photon, the formula can be singdifas:

QE(A) = A(um)
1.23985 (um W/A)

SR(A) = [A/W] Equation 6

Finally, for our purposes, we will apply the SR angiveni multiplied by the loss of
transmittance Td{ and by GX) to obtain a relative value of the influence of tecrease in
transmittance for each experiment, on the lossiokat density obtained, summarized in the
formula:

Jd (A) = Td(A) * SR(A) = G(A) Equation 7

10
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The calculation uses the normalized transmittaoss (relative to clean glass conditions), so
Td()) is the relative decrease and, as a result, tbeeatormula provides the decrease in the

density of the photo-current.

c Weighed current density loss in "30_60_20" experiment

0.2

0.20

0.15

0.10

Jph loss (A/m?)

0.05

0.00

300 500 700 900 1100
Wavelength (nm)

Weighed current density loss in "10_5_80" experiment
0.25

0.20 ;
0.15 A PR A

0.10

Jph loss (A/m?)

0.05

0.00

300 500 1100

700 00
Wavelength (nm?

Weighed current density loss in "25_25_40" experiment

0.25
0.20
0.15

0.10

Jph loss (A/m3)

0.05 D E

0.00
300 500 Wav7eol%ngth (nm%OO 1100

Figure 13. Calculated current density loss by apglgirect transmission to spectral response.

Figure 13 shows the calculated current density fosseach wavelength for the different
experiments and glasses. The calculation consi#rsnly direct transmission loss but also
spectral response and the AML1.5 radiation. As stdid above, direct transmission is related
to the generated photocurrent, but indirect trassion must also be considered for the actual

11
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current generated. However, all the samples atedesnder the same conditions, so the
comparison is valid to see differences between th&otording to the results, the main
conclusion is the confirmation of the higher lossethe experiment “25_25 40"

By integrating the curves shown in Figure 13, theotetical weighed short-circuit current
loss, related to the direct transmittance dropobtained, with the only limitation of the
wavelengths considered due to the limits of thectspphotometer used in the experiments.
However, when calculating the weighed short-circuitrent in clean conditions, also for the
same wavelength constraints, a comparison of theemu generated in clean and dirty
conditions is of a great interest.

Lo _1oss (A — Ay) = fjf Td(1) * SR(A) * G(A) dA Equation 8

Using this equation and normalising with the Islcalated under clean conditions, the results
obtained for different experiments are presentatierfollowing table:

Calculated theoretical relative (300-900 nm) Isc drop
Experiment |A B C D E
30_60_20 23,53% 24,07% 24,32% 22,36% 23,48%
10_5_80 24,22% 24,22% 24,22% 24,22% 24,22%
25_25 40 34,88% 35,61% 35,78% 35,28% 34,27%

Table 3.- Isc normalised theoretical drop of fortle¢ glasses analysed, from 300 to 900 nm.

The previous results have only considered the diransmission weighed by the spectral
response, so these curves only take into accoardytical losses measured through the glass.
In the next section, the results of the effectinBuence of soiling on the produced current
will be presented, when the actual short-circuitent is measured.

4 .3.Indoor flash solar simulator for Isc measureimen

Looking at the three experiments, the measuredt-sirouit current suffered a significant
drop in all of them. If we look at the differencas the results for the two cells of each
experiment independently (Figure 14), we can caielinat the difference is not significant if
we consider the measurement uncertainty. Experirfilght5 80" (dew point reached) had
the lowest current drop and experiment “25 25 408iMmilar temperature for cell and air),
the highest.

12



8% Photo-current drop 6.92% 6.81%

M Isc loss Cell 2 (A)
6%

4.92% 4.73% Isc loss Cell 12 (D)
&
54% 3.49% 3.45%
3
2%
0%
288 30_60_20 10_5_80 25_25_40
389 Figure 14.- Isc drop measured for the two sampie¢le different experiments for the two cells.
390

391 Compared to the weighed transmission losses, thelalsc losses are not that high. This
392 could be related to scattered light, which is netedted by transmittance analysis. Table 4
393  shows results and we can see that treatment Dmiseaebetter performance, mainly when
394  cell temperature is high (30_60_20 experiment).

395
Measured Isc drop
Cell2 (glass A) Cell12 (glass D) A(a-p)

30_60_20 4,92% 4,73% 0,19%

10_5_80 3,49% 3,45% 0,04%

25 25 40 6,92% 6,81% 0,11%
396 Table 4.- Isc drop for the analysed cells.
397
398 4.3.1. Current loss calculated by using direct transmétaand its relation to the measured
399 Isc drop
400

401 One of the objectives of this work was to find aretation between the loss of direct
402 transmittance, weighted by the spectral resporse ttee actual current drop of the cells. As
403  explained above, the theoretical results of thedyais are shown ifmable 3

404  For the actual Isc drop, we calculated the diffeeebetween the Isc measurements under
405 clean conditions and after the experimeimtshie 9.

406 In Figure 15 we compare both results and can saethk direct transmittance drop fits well
407 with the short-circuit current drop, even if a sfgrant difference is observed for the high
408  humidity configuration experiments. This differerisgprobably due to the “water channels”
409 already mentioned and described above.

410

13



411
412

413
414
415
416
417
418
419
420
421
422
423
424
425
426

427
428

429
430
431
432
433
434
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40% 35.08%
M Isc drop B Transm. loss

2 30% 25.60%

- 22.95%

o Q.
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Q

) [72)

& 0% 6.87% -

= 4.83% 3.47% -

<

2 o% —

=

30_60_20 10_5_80 25_25_40

Figure 15.- Relationship between weighted direastgmittance drop and short-circuit current drop
(Isc) for the three experiments

4.4.Image analysis, for the different experiments

When an image analysis of the surface covered bydtist was carried out for the three
situations studied, as it happened in the casesskk of current and transmittance, the results
were different for the dry and wet cases.

Figure 16 shows the percentage of the surface ef tiho analysed cells, using the
aforementioned image analysis technique. The peomerage for each sample was related
to the transmittance analysis to determine the lodpckage due to the dust cover. However,
the coverage obtained using the mentioned stravemy only valid for dry experiments
(30_60_20 and 25_25_40).

40%

Sample covered area o 3y
33.3%
B Covered Image Cell2 (A)
29.3%
30%
Covered Image Cell12 (D)
o
©
B 20% 18.6% 18.0% 19.2%
o
>
o
O
10%
0%
30_60_20 10_5_80 25 25 40

Figure 16.- Image analysis of the particle coveltlie two samples in the three experiments.

The reason was probably the lack of homogeneith®fimage after the wet test (10_5 80),
which made the analysis by microscopy difficult.efhaccording to the results, there was a
correlation between the coverage obtained by theg@manalysis and the other variables:
current and transmittance losses for experiments6@®0 and 25 25 40, but not for

experiment 10_5 80. This finding can help in uding image analysis technique combined
with an analysis of environmental conditions in@rdo determine if dew point was not

reached and then to stablish the relationship batwiee covered surface and the current drop.
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5. Conclusions

Experiments were carried out to analyse the etiécoiling, using an indoor chamber. The
data obtained were studied, and different conchssioan be reached for the different
analysed situations, including different temperatmradients between glass, cells and air, and
different situations of relative humidity that réaar do not reach the dew point.

The indoor soiling chamber is considered a valuabld to analyse the soiling effect
simulating different test conditions. In this sene experience can serve to improve the
chamber and intensify its use.

Taking into account the constraints of the condgiof the experiments, such as the size of
the samples and the bandwidth of the spectrophd&smieteresting findings are obtained.

- Temperature of the module seems to mitigate théngoobptical impact. It was
observed in all the glasses how the highest thpeesture, the lower the soiling.

- When dew point is reached, a so called “water celsiimppear on the glass and, as a
consequence, the spectrophotometry or images negasat are not consistent enough
to get a good correlation with the Isc drop. Instbase, a deeper study could find
relationships between reaching the dew point amdumoeformities in Isc drop.

- Cumulated soiling load of 1 to 2 gfran promote current losses in the cell from
nearly 5% to 7%, but it is affected by the appeeseasf water channels in the surface,
what can mitigate the loss.

- The correlation between short circuit current (Isbpp and the optical direct
transmittance measurement, weighed by the speespbnse, has been demonstrated
if the dew point is not reached. This can be used methodology to obtain one from
the other.
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Hi ghl i ghts

1 Soiling process can be reproduced inside a chanber for various anbi ent
condi ti ons

2 Dust load is the main paranmeter but not the only one affecting soiling effects
3 When the dew point is reached, water channel s appear reducing the inpact of
soi ling

4 Spectral -response wei ghed optical transmission is used for photocurrent
prediction

5 Big differences between solar cell and air tenperatures decreases soiling
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