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Abstract 

The study refers to the experimental investigation of solar photovoltaic 

collectors' behaviour when the glazed surface is treated with a nanometric 

layer of hydrophobic solution. The experiment was carried out on two 

photovoltaic collectors, of which one was considered as reference and the 

other one was coated with a commercial hydrophobic solution. It was studied 

the evolution of the following electrical parameters: current, voltage, power, 

efficiency and daily energy production. The voltage was almost unaffected, 

but for all the others parameters, important drop were recorded. The 

preliminary conclusion of the study is that the use of hydrophobic solutions, 

for the treatment of glazed surfaces of solar collectors is not recommended. 

This hypothesis needs supplementary investigations and measurements in the 

context of reduced available information concerning the optical properties of 

hydrophobic solutions. 
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Introduction 

 
The study of hydrophobic coating layer effects on solar photovoltaic modules is 

continuing previous studies concerning the renewable energies, at the Technical University of 

Cluj-Napoca [1-3]. 

The principles of solar energy based photovoltaic (PV) effect are presented in [4]. 

It is already known that soiling, or dust deposition, of the collectors' surfaces can be 

considered the third cause of efficiency drop in photovoltaic solar plants, after the availability 

of solar radiation and after the air temperature [5]. In this context the study of all cleaning 

solutions of solar photovoltaic modules, is of height technical interest. 

The use of self-cleaning glazing products based on nanometric layers is recommended 

for different technical applications [6]. 

In the frame of this study was found that first references of the use of hydrophobic 

solutions, are dating from 1972, suggesting that these type of substances is relatively new and 

modern [7 and 8]. 

A useful method for evaluation of the self-cleaning glazing products is presented in 

[9] while in [10] is studied the behaviour of self-cleaning glass in urban atmosphere. 

Properties and effects of super hydrophobic surfaces, including silicon wafer 

specimens, replicates of water-repellent leaves of plants and commercially available metal 

foils additionally hydrophobized, are presented in [11]. 

Improvements of self-cleaning properties of photovoltaic modules, by different 

methods (use of low-cost foil cleaning for PV, use of thin film PV foil, use of plasma surface 

modification technology in PV cell manufacturing and use of micro and nano super 

hydrophobic surfaces, are presented in [12]. 

Based on the literature review, no references were found concerning the effects of 

hydrophobic solutions, layers or coatings, to the electrical performances of photovoltaic 

collectors. Under these circumstances, it seems this study could be the first one concerning 

this subject. 

The aim of this study is to present the effects of a nanometric hydrophobic coating 

layer, on the electrical performances of the solar photovoltaic modules.  
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Material 

 

The study has an exploratory character and was realised with the purpose of testing 

mainly the trend concerning the effects of a nanometric hydrophobic solution film, applied on 

the glazed surface of solar photovoltaic modules.  

For this study it was developed a simple experiment and the data acquisition system 

was manufactured using mainly low cost sensors. Mainly qualitative results were expected, 

but finally also quantitative results were obtained. 

The experiment was conducted at the Technical University of Cluj-Napoca, at the 

geographical coordinates N 46.773003 and E 23.585378, in the autumn period between 

21.10.2013-11.16.2013. 

The location of the experiment, on the map of Cluj-Napoca, based on Google Maps, is 

presented in the figure 1. 

 
 

 
Figure 1. Location of the experiment on the map of Cluj-Napoca.  

Google Maps © 2014 Google 

 
The study is based on the use of 2 identical solar photovoltaic collectors, mounted on 

the roof of the newest building of the University, facing south, at a tilt angle of 37°, the 

optimum solar tilt angle for Cluj-Napoca [4]. 

The first solar photovoltaic collector, considered as reference, is uncoated and is 

referred as PV1. The second solar photovoltaic collector is treated with a nanometric 

hydrophobic coating layer, with the "nanoShell for Solar PV" solution, commercial available 
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and manufactured by Nano Shell Company and is referred as PV2. 

The solar photovoltaic collectors are of STP075S-12/Bc type, manufactured by 

Suntech. In table 1, are presented the main technical characteristics of the collectors [13]. 

Table 1. Main characteristics of the STP075S-12/Bc photovoltaic collectors 
Parameter Value 
Maximum power 75 W ± 5 % 
Maximum current 4,35 A 
Maximum voltage 17,3 V 
Normal operating temperature (NOCT) 48°C ± 2°C 
Cells technology Mono crystal Si 
Mass 8 kg 
Dimensions 1195×541×30 mm 

 
 In figure 2 it is presented a schematic drawing of the 2 photovoltaic collectors and of 

the component layers. 

PV1 PV2

Nanometric hdrophobic layer

 
Figure 2. Schematic drawing of the 2 photovoltaic collectors and of the component layers 

 
In order to compare the performances of the 2 photovoltaic collectors, it was designed 

and manufactured an original data acquisition system, based on an Arduino Mega 2560 R3 

motherboard [14] and on dedicated sensors to measure the following parameters: global solar 

radiation in the collector's plane (G), intensity of the current (I) and voltage (U). 

In the table 2 are presented the sensors types used for data acquisition. 

Table 2. Sensors types used for data acquisition 
Parameter Sensor type 
Solar radiation Pyranometer: Davis 6450
Current Attopilot 90 A 
Voltage Attopilot 90 A 

 
As it is indicated in table 2, a complex sensor was used to measure both current and 

voltage. 
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Method 

 

The research method used in the study is represented by the exploratory experiment 

based on dedicated designed and manufactured data acquisition system, using an industrial 

pyranometer and a low cost current and voltage sensor. 

The influence of the hydrophobic layer of the performances of the solar photovoltaic 

collectors was evaluated by comparison between the values of electrical parameters of 

performances. Some of these parameters were measured, such as intensity of the current (I) 

and voltage (U). The values of the other parameters of performance, such as power (P), 

efficiency (η) and energy production (E), were calculated based on their fundamental relations 

of definition presented in [4] and also indicated as follows. 

The electric power (P), was calculated with equation (1) 

P = I·U [W] (1)

where I [A] is the intensity of the current and U [V] is the voltage. 

The efficiency (η), was calculated with equation (2) 

η = P/(G·S) [W] (2)

where P [W] is the electric power, G [W/m2] is the global solar radiation and S=0.646 

m2 is the area of the glazed surface of the collectors. 

The energy production (E), was calculated with equation (3) 

E = P·τ/100 [kWh] (3)

where P [kW] is the electric power and τ [h] is the time of operation. In this analysis as 

operating time were considered only intervals of 24 hours. 

The percentage differences between the different parameters were calculated 

considering as reference the parameters of solar photovoltaic collector without the 

hydrophobic layer (PV1): 

Some isolated measurement errors were identified, one value for current and one value 

for voltage. In these situations, the measured values situated outside the range of normal 

variations were replaced with the averaged values of the neighbour's values. The corrected 

values were presented in the tables of results. The corrected values of current and voltage 

were also used to calculate different performances parameters such as power, efficiency of 

energy production. This approach allowed the exclusion from analysis of all values affected 
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by measurement errors. 

Results 

 

All the results are presented for the period of (26-27).10.2013, based on data recorded 

and calculated for a time step of 10 minutes. The two considered days were characterised by 

clear sky almost all the day time. Using these data were drawn the graphics presented in 

figures 3 - 7.  

For the quantitative analysis, was considered in the same two days, the period of 2 

hours around 13:00 (local winter time), between 12:00 - 14:00, when solar radiation had the 

highest values (700-890) W/m2 in the collectors plane. These data were presented in tables 3 - 

7. In these tables the column "time" is indicating the time (in minutes), elapsed from the 

beginning of 26.10.2013 - at 0:00 hour. 

Figure 3 is presenting the variation of solar radiation in the period of (26-27).10.2013. 
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Figure 3. Measured solar radiation in the period of (26-27).10.2013 

 

Table 3 is presenting samples of recorded values of global solar radiation in the plane 

of the collectors. 

Table 3. Recorded values of global solar radiation in period of (26-27).10.2013 
26.10.2013 27.10.2013 

Hour Time [min.] G [W/m2] Hour Time [min.] G [W/m2] 
12:00 720 831.00 12:00 2220 876.00 
12:10 730 845.00 12:10 2230 882.00 
12:20 740 857.00 12:20 2240 879.00 
12:30 750 871.00 12:30 2250 890.00 
12:40 760 879.00 12:40 2260 871.00 
12:50 770 862.00 12:50 2270 854.00 
13:00 780 879.00 13:00 2280 834.00 
13:10 790 868.00 13:10 2290 826.00 
13:20 800 865.00 13:20 2300 809.00 
13:30 810 842.00 13:30 2310 786.00 
13:40 820 837.00 13:40 2320 767.00 
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13:50 830 809.00 13:50 2330 738.00 
14:00 840 804.00 14:00 2340 699.00 

Figure 4 is presenting current in the period of (26-27).10.2013. 
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Figure 4. Current in the period of (26-27).10.2013 
 
Table 4 is presenting samples of recorded values of current. 

Table 4. Recorded values of current in period of (26-27).10.2013 
26.10.2013 27.10.2013 

Hour Time 
[min.] 

I PV1 
[A] 

I PV2
[A] 

ΔI 
[%] Hour Time 

[min.]
I PV1

[A] 
I PV2 

[A] 
ΔI 

[%] 
12:00 720 3.35 2.82 -15.8% 12:00 2220 3.35 2.95 -11.9% 
12:10 730 3.35 2.82 -15.8% 12:10 2230 2.14 1.74 -18.7% 
12:20 740 3.49 2.95 -15.5% 12:20 2240 3.49 2.95 -15.5% 
12:30 750 3.35 2.82 -15.8% 12:30 2250 3.49 2.95 -15.5% 
12:40 760 3.62 2.95 -18.5% 12:40 2260 3.49 3.08 -11.7% 
12:50 770 3.49 2.68 -23.2% 12:50 2270 3.08 2.55 -17.2% 
13:00 780 3.49 2.82 -19.2% 13:00 2280 2.95 2.55 -13.6% 
13:10 790 3.49 2.95 -15.5% 13:10 2290 3.08 2.55 -17.2% 
13:20 800 3.49 2.82 -19.2% 13:20 2300 2.82 2.28 -19.1% 
13:30 810 3.35 2.68 -20.0% 13:30 2310 2.68 2.01 -25.0% 
13:40 820 3.35 2.95 -11.9% 13:40 2320 2.95 2.14 -27.5% 
13:50 830 3.35 2.95 -11.9% 13:50 2330 2.95 2.41 -18.3% 
14:00 840 3.49 2.95 -15.5% 14:00 2340 3.08 2.41 -21.8% 

 
Figure 5 is presenting the voltage in the period of (26-27).10.2013. 
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Figure 5. Voltage in the period of (26-27).10.2013 
 

Table 5 is presenting the recorded values of voltage. 
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Table 5. Recorded values of voltage in period of (26-27).10.2013 
Hour Time 

[min.] 
U PV1 

[V] 
U PV2

[V] 
ΔU 
[%] Hour Time 

[min.]
U PV1

[V] 
U PV2 

[V] 
ΔU 
[%] 

12:00 720 18.86 19.09 1.2% 12:00 2220 19.55 19.63 0.4% 
12:10 730 19.01 19.09 0.4% 12:10 2230 19.55 19.71 0.8% 
12:20 740 19.25 19.48 1.2% 12:20 2240 19.63 19.71 0.4% 
12:30 750 19.40 19.71 1.6% 12:30 2250 19.55 19.63 0.4% 
12:40 760 19.48 19.71 1.2% 12:40 2260 19.48 19.63 0.8% 
12:50 770 19.09 19.17 0.4% 12:50 2270 19.40 19.48 0.4% 
13:00 780 19.25 19.48 1.2% 13:00 2280 19.25 19.40 0.8% 
13:10 790 19.09 19.25 0.8% 13:10 2290 19.09 19.25 0.8% 
13:20 800 19.17 19.25 0.4% 13:20 2300 19.09 19.32 1.2% 
13:30 810 18.94 19.01 0.4% 13:30 2310 18.86 19.01 0.8% 
13:40 820 18.94 19.01 0.4% 13:40 2320 18.52 18.94 2.2% 
13:50 830 18.78 18.78 0.0% 13:50 2330 18.17 18.48 1.7% 
14:00 840 18.86 19.01 0.8% 14:00 2340 17.63 17.78 0.9% 

 

Figure 6 is presenting the power in the period of (26-27).10.2013. 
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Figure 6. Power in the period of (26-27).10.2013 
 

 Table 6 is presenting samples of calculated values of power. 

Table 6. Calculated values of power in period of (26-27).10.2013 
26.10.2013 27.10.2013 

Hour Time 
[min.] 

P PV1 
[W] 

P PV2
[W] 

ΔP 
[%] Hour Time

[min.]
P PV1

[W] 
P PV2 

[W] 
ΔP 
[%] 

12:00 720 63.18 53.83 -14.8% 12:00 2220 68.23 60.46 -11.4% 
12:10 730 63.68 53.83 -15.5% 12:10 2230 68.23 60.71 -11.0% 
12:20 740 67.18 57.47 -14.5% 12:20 2240 71.06 60.71 -14.6% 
12:30 750 64.99 55.58 -14.5% 12:30 2250 68.23 57.91 -15.1% 
12:40 760 70.52 58.14 -17.6% 12:40 2260 67.99 63.21 -7.0% 
12:50 770 66.62 51.38 -22.9% 12:50 2270 67.71 60.00 -11.4% 
13:00 780 67.18 54.93 -18.2% 13:00 2280 64.49 57.23 -11.3% 
13:10 790 66.62 56.79 -14.8% 13:10 2290 63.95 59.29 -7.3% 
13:20 800 66.90 54.29 -18.8% 13:20 2300 66.62 59.51 -10.7% 
13:30 810 63.45 50.95 -19.7% 13:30 2310 63.18 56.08 -11.2% 
13:40 820 63.45 56.08 -11.6% 13:40 2320 62.03 55.87 -9.9% 
13:50 830 62.91 55.40 -11.9% 13:50 2330 58.51 56.92 -2.7% 
14:00 840 65.82 56.08 -14.8% 14:00 2340 56.77 47.65 -16.1% 

 
 Figure 7 is presenting the efficiency in the period of (26-27).10.2013. 
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Figure 7. Efficiency in the period of (26-27).10.2013 
 
 Table 7 is presenting samples of calculated values of efficiency. 

Table 7. Calculated values of efficiency in period of (26-27).10.2013 
26.10.2013 27.10.2013 

Hour Time 
[min.] 

η PV1 
[%] 

η PV2
[%] 

Δη 
[%] Hour Time 

[min.]
η PV1
[%] 

η PV2 
[%] 

Δη 
[%] 

12:00 720 11.8% 10.0% -1.80% 12:00 2220 12.1% 10.7% -1.40% 
12:10 730 11.7% 9.9% -1.80% 12:10 2230 12.0% 10.7% -1.30% 
12:20 740 12.1% 10.4% -1.70% 12:20 2240 12.5% 10.7% -1.80% 
12:30 750 11.6% 9.9% -1.70% 12:30 2250 11.9% 10.1% -1.80% 
12:40 760 12.4% 10.2% -2.20% 12:40 2260 12.1% 11.2% -0.90% 
12:50 770 12.0% 9.2% -2.80% 12:50 2270 12.3% 10.9% -1.40% 
13:00 780 11.8% 9.7% -2.10% 13:00 2280 12.0% 10.6% -1.40% 
13:10 790 11.9% 10.1% -1.80% 13:10 2290 12.0% 11.1% -0.90% 
13:20 800 12.0% 9.7% -2.30% 13:20 2300 12.7% 11.4% -1.30% 
13:30 810 11.7% 9.4% -2.30% 13:30 2310 12.4% 11.0% -1.40% 
13:40 820 11.7% 10.4% -1.30% 13:40 2320 12.5% 11.3% -1.20% 
13:50 830 12.0% 10.6% -1.40% 13:50 2330 12.3% 11.9% -0.40% 
14:00 840 12.7% 10.8% -1.90% 14:00 2340 12.6% 10.6% -2.00% 

 
Figure 8 is presenting the results of daily energy production in the period between 

21.10.2013-11.16.2013. 
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Figure 8. Daily energy production in the period between 21.10.2013-11.16.2013 
 

Table 8 is presenting samples of calculated values of daily energy production. 
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Table 8. Calculated values of daily energy production in period of 21.10.2013-11.16.2013 
Day 
no. 

E PV1 
[kWh] 

E  PV2 
[kWh] 

ΔE 
[%] 

2 0.37 0.30 -18.6% 
3 0.37 0.32 -13.2% 
4 0.36 0.31 -15.1% 
5 0.28 0.25 -11.3% 
6 0.36 0.29 -17.6% 
7 0.40 0.34 -13.8% 
8 0.22 0.16 -25.3% 
9 0.31 0.25 -18.8% 
...    

Total 5.03 4.14 -17.7% 
 

Figure 9 is presenting the results of cumulated daily energy production in the period 

between (22-31).10.2013. 

0.00

1.00

2.00

3.00

4.00

5.00

6.00

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

En
er

gy
 [k

W
h]

Time [days]

E PV1 E PV2
 

Figure 9. Cumulated daily energy production in the period between (22-31).10.2013 
 

Discussion 

 

The obtained results are capable to reveal the influence of the nanometric hydrophobic 

layer on the performances of the solar photovoltaic collectors. 

The results concerning cumulated energy production are covering the whole period of 

the study (22-31).10.2013 and the other results are obtained from the data recorded in two 

consecutive sunny days of late autumn (26-27).10.2013, in the two hours of maximum solar 

radiation (700 - 890) W/m2. The time step for the recorded data considered in analysis was of 

10 minutes. 

The presented results were obtained both from direct measurements and calculation, 

following the described methodology. 

The main effects of the hydrophobic coating are the followings: 

÷ The hydrophobic solution determined a current drop of (11.7 - 27.5) %, representing a 
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performance shift down. 

÷ The hydrophobic solution determined a negligible voltage increase of (0.0 - 1.7) %, 

suggesting that voltage is not affected by the coating layer. 

÷ The hydrophobic solution determined a power drop of (2.7 - 22.9) %, determined by the 

current decrease and representing a performance shift down. 

÷ The hydrophobic solution determined an efficiency drop of (0.4 - 2.8) %, determined by 

the power decrease and representing a performance shift down. 

÷ The hydrophobic solution determined a daily energy production drop up to 25.3 %, 

explained by the power decrease and representing a performance shift down. 

÷ The hydrophobic solution determined a cumulated energy production drop of 17.7 % in 

the considered 27 days of study. 

÷ The surprising and dramatic drop of PV performances parameters could be explained by 

studying the properties of hydrophobic solutions, with very poor dissemination in the 

scientific literature and limited at data concerning the self-cleaning effect. 

In the recent review [6], are presented the values of transmittance for 5 self-cleaning 

glazing products in visible spectrum, and for a single product also in the solar radiation 

spectrum. The properties of the substance used in this study are not presented. The reported 

values of transmittance in visible spectrum are situated in the range of (65-77) % [6] with an 

average value of 71%. The single reported value of transmittance in solar radiation spectrum 

is of 55% [6], for the product "Renew with Viridian Thermotech Clear", manufactured by 

Viridian Australia, having the transmittance in the visible spectrum of 70%, just near the 

average of this parameter. 

Such low values of transmittance both in visible and in solar radiation spectrum 

explain the dramatic drop of PV performances. 

Because of the important reduction of the global transmittance and of optical 

efficiency, the hydrophobic solutions will negatively affect also the solar thermal collectors. 

 

 

Conclusions 

 

The effects of nanometric layer of hydrophobic solution on the glazed surfaces of PV 

collectors can be summarised as were observed in this study. 
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The current drop with (11.7 - 27.5) % is representing an important shift down of 

electric performance. The voltage increase is negligible with (0.0 - 1.7) %, suggesting that the 

hydrophobic layer does not affect the voltage. The power drop with (2.7 - 22.9) % is mainly 

due to the current drop. The efficiency drop of (0.4 - 2.8) % in absolute values is also 

representing a significant deterioration of collectors performance capability. The daily energy 

production drop is up to 25.3 %, and produced after 27 days a cumulated energy production 

drop with 17.7%. 

Following this preliminary study, it results as a practical conclusion that the use of 

hydrophobic solutions, for the treatment of glazed surfaces of solar collectors is not 

recommended, mainly because of the associated transmittance reduction. This conclusion 

applies both for solar thermal and solar photovoltaic collectors. In order to confirm or infirm 

this conclusion, it is needed to continue with detailed investigation. 
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