
 

 

 

Abstract—With continuing advances in technology and energy 

efficiency, thin films and Nano materials are a potential alternative to 

significantly reduce the cost of solar energy systems; they have the 

potential to use high-performance materials that offer high energy 

efficiency. Also, they can be deposited on a wide variety of rigid or 

flexible substrates while providing a variety of applications. Also, the 

use of nanotechnology conducts to yields and optoelectronic 

performances improvement. In this study, several solar devices 

optimizations will be made and allow enhancement of energy 

production. A simulation of the sensitivity of solar modules to 

radiation and temperature will be discussed. Indeed, in the desert 

climate conditions at high solar radiation and high temperature, we 

will be required to develop an appropriate solar conversion systems 

technology. 

 

Keywords— Photovoltaic, nanotechnology, energy, thin films, 

simulation 

I. INTRODUCTION 

HE photovoltaic (PV) is an important issue in the 

development of renewable energies [1]. Indeed, a solar 

panel is a clean technology that represents a largely positive 

carbon balance over its remaining life. It integrates into the 

landscape without nuisance or impact on the ecosystem. One 

of the major challenges of PV is reducing significantly the 

cost per kWh. In this study we will focus in particular to the 

study of photovoltaic generators and their performance 

according to local climatic conditions (Algeria). Specifically, 

it is kwon the effect of elevated temperature on the production 

of photovoltaic panels. Various PV technologies exist and can 

be installed as a PV array to convert solar energy into 

electricity. The effect of the loss of electrical power due to the 

elevation of the temperature depends on the technology of the 

cell and photovoltaic module installed [2]. Simulations of 

performance will be made in the case of the main families of 

solar cells and modules (Thin Film, Silicon- Mono, Poly - 

Silicon, etc.) [3].The combination of at least two different 

technologies to form a PV generator and acceptable 

performance with low power loss coefficient as a function of 
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temperature is proposed and modeled. Its ultimate 

optimization will permit development of photovoltaic plants in 

mixed technologies form which are better adapted to the 

production of energy in our regions at high temperature.  

A second technology that is the photocatalysis will operate 

to assure a cleanest PV panels surface. Indeed, this technique 

allow to destroy the pollutants, in the presence of a catalyst, 

usually titanium dioxide, and a light source (UV) for 

providing the energy necessary for activation of the 

photocatalytic process [4]. When the titanium dioxide 

nanoparticles are irradiated by the UV rays, they form active 

oxygen by reacting with oxygen and water contained in the 

ambient air. This process is similar to the photosynthesis of 

plants in which chlorophyll capture sunlight to convert water 

and carbon dioxide with oxygen and glucose. During this 

reaction the particles of titanium dioxide are not degraded and 

thus act several years. The result of this decomposition is 

primarily water and CO2 in infinitesimal quantities. The 

active oxygen from the photocatalytic reaction down and 

destroyed most of the pollutants that can contaminate solar 

panels: Volatile organic compounds (VOCs), gases (NOX), 

the mold, algae, fungi, the pollens and dust. 

Another major feature of this new technology, the treated 

surfaces acquire super hydrophilic properties that make the 

drops entering their contact with water spread like a veil 

instead of train runs. The water passes under the dirt and 

pollutants by taking off the bracket. Gravity is told by his 

weight, the water thus formed film slides on these surfaces, 

taking with him all the pollutants and dirt oxidized and 

reduced by photocatalytic reaction and thus maintaining solar 

panels treated clean. Generally, sprinklers watered up the 

surface of solar panels are positioned treated. Sprinkling the 

PV panels, the water will expand and create a thin film of 

water super hydrophilic. This thin film of water perfectly 

transparent panels will cool by evaporation and prevent their 

yield losses due to heat. In addition, this technique can clean 

the panels on demand during the seasons when the rains are 

rare. Finally , we propose to combine the technology with a 

third optical windows deposited in one or more layers on the 

glass to match the solar spectrum to the solar PV cells spectral 

[5, 6] response or the needs of the thermal sensor or other 

optical device for converting solar energy ( such as CSP). The 
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objectives of our project are: 

- Improving the cost of solar energy (more precisely 

photovoltaic). 

- Designing of photovoltaic plants mixed technologies 

better adapted to the production of energy in our region at 

high temperature. 

 - Stabilization of the energy compared to local climatic 

conditions (high temperatures and dusty environment). 

- Better use of the solar spectrum by employing optical 

windows. 

- Reducing power loss coefficient as a function of 

temperature. 

- Development of self-cleaning glass materials with optimal 

transmittance and appropriate for PV modules antireflection 

qualities. 

- Applications of nanomaterial to make the self-cleaning 

solar glass with a transmittance suitable for: photovoltaic 

panels, thermal panels, horticultural greenhouses, BIPV 

(Building Integrated Photovoltaic) [6] and dye solar cells 

DSSC (Dye - sensitized solar cell). 
 

For these, Innovative solutions will be proposed, simulated 

and tested as part of this research project by combining 03 

main innovative technologies which are: 

- Photovoltaic generator of mixed technology. 

- Self-cleaning coatings on solar panels. 

- Optical windows in thin layers on solar panels.  

II.  DESIGN OF A PHOTOVOLTAIC GENERATOR MIXED 

TECHNOLOGY CONNECTED TO THE NETWORK 

In this section we will design a mixed PV generator of 4 

Kwp connected to the network (without storage) in various PC 

cells technologies ( mono crystalline Si , polycrystalline Si 

and thin films ) as we are interested in setting up a PV plant 

who contain two subfields mixed technology ( mono 

crystalline Si thin films , polycrystalline Si , CdTe) . The solar 

cells technologies have been presented and known for their 

specific performance as the materials properties they will use 

[3].The objective of these configurations is to find the right 

mix of photovoltaic technologies to deliver a low coefficient 

of power loss compared to the increase in temperature and a 

higher performance index (PR) was (>80%). The thin film 

technology is known for its good power stability at high 

temperatures (low power losses). However, its efficiency is 

low. The combination of the latter with the crystalline Si has a 

good performance is expected to achieve optimal 

performance. By using the PV SYST software [7] we 

presented hereafter various combinations PV technology 

while improving the characteristics of the assembly. 

For this study, we chose the design of a PV power Field (04 

KWp) connected to the grid, as a first step we define the 

geographical site and weather after we brought the various 

parameters of our network (Sub-Fields, the photovoltaic 

panel, inverter). We made several configurations by 

combining a set of modules of different technologies. In this 

work, we chose four models of photovoltaic modules of 

different technologies and several configurations by mixing 

modules with each other to compare the results and find the 

right configuration. By applying PV-Syst software, we 

simulated the crystalline silicon (c-Si) Module (Bosch Solar 

M 60), the polycrystalline Si (poly-Si) Module (Energetica E-

2000 230) and the micromorph silicon (Inventux ucSi-aSi: H 

x115/125), the Candium Telluride (CdTe) thin film Module 

(BP Solar BPA pollo 980). The parameters of each PV 

module are presented in 02 following Tables (I and II). 

 
TABLE I 

PARAMETERS OF MASSIF SILICON PV PANEL FIELDS: C-SI AND POLY-SI 

 PV panel type$ C-Si Poly-Si 

PV panel model Si M60 NA42117 E-2000 230 

Manufacturer Bosch SolarEnergy Energetica 

PV Sub-Fields  

Configuration 

8  panels by string 

1 string line 

10 panels by string 

1 string line 

Number of PV panels 8 10 

Panel peak Power 250Wp 230Wp 

 Field Power at  25°C 

and 50°C 

2000Wp (STC) 

1778 Wp  (50°C) 

2300 Wp   (STC) 

2040Wp  (50°c) 

PV Field  Vmpp (50°C) 218V 264 

Inverter Model Theia 2.0 HE-t Theia 2.0 HE-t 

Inverter Manufacturer Eltek valere Eltek valere 

Inverter Voltage Input 230-480Vdc  

230-480V 

Inverter Power 2.0K Wac 2.0K Wac 

   

 
TABLE II 

PARAMETERS OF THIN FILMS PV PANEL FIELDS : MICROMORPH AND CdTe   

 PV panel type Micromorph: ucSi-aSi CdTe 

PV panel model ucSi-aSi : H x115/125 BPA pollo 980 

 

Manufacturer Inventux 

 

BP Solar 

PV Sub-Fields  

Configuration 

3 PV panels by 

string 

6 strings lines 

9 PV panels by 

string  

3  strings lines 

Number of PV panels 18 27 

Panel peak Power 115 Wp 80 Wp 

 Field Power at  25°C 

and 50°C 

 

2070 Wp (STC) 

1939 Wp  (50°C) 

2160 Wp     

(STC) 

2030 Wp  (50°C) 

PV Field  Vmpp (50°C)  

345 V 

 

284V 

Inverter Model Theia 2.0 HE-t Theia 2.0 HE-t 

Inverter Manufacturer Eltek valere Eltek valere 

Inverter Voltage Input  

230-480V 

 

230-480V 

Inverter Power 2.0K Wac 2.0K Wac 

   
 

 

The simulation results of our PV power plants (04 KWp) 

are presented as following configurations:  

 
 

1st configuration: (Field1: C-Si, Field2: ucSi-aSi); 

2nd configuration (Field1: C-Si, Field2: C-Si); 

3rd configuration: (Field1: ucSi:aSi, Field2: ucSi-aSi); 

4th configuration: (Fields1: Poly-Si, Field2: CdTe); 

5th configuration: (Field1: Poly-Si, Field2: Poly-Si); 

6th configuration: (Fields1: CdTe, Fiel 2: CdTe); 
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In each configuration Field 1 and 2 are calibrated to deliver 

02 KWp and having each one the same DC-AC inverter of 02 

KW. For the six configurations, we simulated by using PV-

System software the performance index evolution and Power 

loss at 50°C. Figure 1 and 2 are presenting these results in the 

case of a mixed C-Si and thin films PV plant. The figure 3 and 

4 are summarizing whole configuration results. 

 

 
                             PR: Performance index 

       Fig. 1 Performance index of a mixed C-Si and thin films PV 

plant 

 

 
                            Lc : Collection Loss (PV) 

                               Ls : System Loss (inverter) 

                               Yf : Available Power (Inverter Output) 

Fig. 2 Annual Production of  normalized power for a mixed C-Si  and 

thin films PV plant. 
 

 

From these results (Fig. 3 and 4) we can optimise at the 

same time the performance index and the loss of power for 6  

configurations. 

 
Fig. 3 The performance index versus PV plant configration. 

 
Fig. 4 Power loss of PV field at a temperature of 50°C and 

comparatively to STC conditions (25°C). 

We found that the photovoltaic power plant technology C-

Si is characterized by a significant performance index 

(81.3%), loss of power compared to the temperature of -10.2 

% and its surface is reduced (26.3m2). Compared to the 

foregoing, the PV technologies for poly-Si performance index 

is lower (78.9%), the power loss versus temperature is -9.3 % 

and its surface is larger (32.1m2). For comparing, the PV 

plants in thin film technology results in low power loss (-6.8 

%) but with a lower yield, the performance index is high 

(82.3%) and its surface is very large (51.5m2), these results 

correspond to X115/125 module. Another thin film 

technology is being studied with the CdTe module, which 

results in a greater area (65.5m2), a very low power loss 

versus increasing temperature (-5.3%) and a performance 

index lower (77.4%). 

 From these results, we proposed two mixed photovoltaic 

plants technologies. For the first photovoltaic plant mixed, we 

suggest the combination of C-Si technology with micromorph 

thin films (ucSi-aSi) technology; thereby find important 

performance index (82.0 %), loss of power compared to high 

low temperatures ( -8.6 %) and an average surface area 

(38.9m2). The second proposed photovoltaic mixed 

configuration is obtained by combining the technology of the 

CdTe with poly-Si technology; thus it was found that the 

performance index is better compared to the CdTe 

photovoltaic (78.2%), the power loss is less than the 
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photovoltaic polycrystalline Si single surface is affordable 

(48.8 m2). 

 
TABLE III 

POWER LOSS (AT 50°C) AND PR FOR SIX PV CONFIGURATIONS* 

Configuration 

Reference 

PV panels Mix PV Field 

Area(m2) 

PR 

(%) 

Power Loss 

(%) at 50°C 

1st   C-Si / ucSi-aSi  38.9 82.0 -8.5 

2nd   C-Si / C-Si 26.3 81.7 -10.2 

3rd   ucSi-aSi / ucSi-aSi 51.5 82.3 -6.8 

4th    Poly-Si / CdTe  48.8 78.2 -9.0 

5th  Poly-Si / Poly-Si 32.1 78.9 -9.3 

6th CdTe / CdTe 65.5 77.4 -5.3 

     

* Each PV configuration of 4 KWp and setting in 2X2KW inverters. 

 

This study has allowed us to give an overview how to 

optimize several configurations of various PV panels 

technologies: mono crystalline Silicon (C-Si), thin films 

(ucSi-aSi, CdTe) and polycrystalline Silicon (Poly-Si) and we 

have compared the characteristics of each configuration 

(performance index, loss of power and area) for good 

configuration which gives a significant performance index (> 

80%) and low power loss at high temperatures (<10%). 

Configuration that allowed us to achieve our goal is that 

combined technology with mono crystalline Si (C-Si) and 

thin-films technology (ucSi-aSi). 

III. INTEREST AND PRINCIPLE OF SELF-CLEANING GLAZING  

Measures performed on several PV installations have 

shown an annual average power reduction of 5 to 15 % and 

more in some cases [8]. Without cleaning periodically PV, 

power losses can quickly down to 15 %. Over time, acid rain 

conducts to oxidation (alumina) of the profile. Oxidized 

chassis of PV panel will attack glass and cells. Glass tarnishes 

and becomes opaque, rough and retains more and more dirt. 

Especially, in the upper and lower parts of the PV module. 

The major dirt on PV cells may affect the performance of the 

entire PV panel and imply the Hot Spot failures [9]. Finally, 

repeated operations of cleaning cause the long run formation 

of micro-scratches on the glass provoked by rubbing on, for 

example sand grains. These micro-scratches alter the 

reflection and transmitting the light are also sources of yield 

loss. In addition to this last point, the ideal would be to 

perform a monthly cleaning of PV but the cost of the 

associated interventions and sometimes at the risk of falls (PV 

roof or building facades of great heights for example) make it 

difficult. The principle of self-cleaning glazing is based on a 

deposited transparent layer in one face and has the distinction 

of being photocatalytic (under the effect of UVA sunlight) and 

hyper hydrophilic. The photocatalytic effect causes the 

destruction of impurities deposited on while the glass property 

super hydrophilic promotes removal of these impurities with 

rain.Many compounds are capable of causing the photo 

catalytic effect on promoting destruction of organic 

compounds such as: TiO2, SnO2, WO3, ZnO, CdS, etc... The 

titanium oxide TiO2 (anatase crystalline form) is the most 

active and has a more hyper hydrophilic appearance.  The 

active principle of a self-cleaning glass is a thin film of 

titanium oxide TiO2 deposited on the outer face of the PV 

panel. Under the effect of solar radiation, this film causes 

redox reactions that destroy organic compounds forming CO2 

and water [11]. Cleaning the surface of the panel is obtained 

by rain which completes the action washing. The hydrophilic 

effect prevents the formation of water droplets which 

concentrate the impurities and leave traces after drying. In 

addition, forming a thin water film on the glass is discharged 

quickly by evaporation. A self-cleaning glass is effective 

when it is exposed alternately to the sun and the rain. This 

action does not work directly for the destruction mineral 

particles, but greatly reduces their adhesion to glass by 

removing soil organic. Mineral soils are also eliminated with 

the rain. In the case of non-rainy area (desert) sprinklers 

watered up the surface of solar panels. This part of study is 

actually under development in our research team and will be 

presented in future. 

IV. CHARACTERISTICS AND DEPOSITION TECHNIQUES OF 

SELF-CLEANING TIO2 FILM  

The film to be deposited is in the front of the PV panel. 

This is a transparent thin layer of titanium dioxide (TiO2) in 

its anatase crystalline form. The deposition could be applied 

'online of glass-fab' at high temperature during manufacture of 

the glass sheet. It is therefore a deposition of pyrolytic type as 

like as CVD (Chemical Vapor Deposition). This transparent 

titanium oxide deposit, called ' hard deposit ' is very 

chemically resistant and mechanically, which is essential for 

application PV panels. In furthermore, the handling is easier 

and the storage period is not limited. The coating thickness is 

a few tens of nm. The self-cleaning glazing reduce the 

transmission of UV radiation (A and B) from 20 to 40 %, this 

is a positive effect. A possible pollution by sodium Na+ ions 

from the glass could pose a problem if the thickness of the 

deposit was too low. Further pyrolytic deposition line (which 

is the most common deposition), some other major methods of 

deposition are possible: 

- Coating, not used for glazing (TiO2 powder + binder) 

- Deposition by sol- gel (‘dip coating’ method), followed by 

annealing at high temperature (300 ° C to 

400 ° C) during which the organometallic compound is 

converted to titanium oxide. 

Deposit 'hard' pyrolytic titanium oxide TiO2 is Class A (see 

standards and classifications of glass in the building). This 

type of filing allows a transformation higher of the glazing, 

especially the thermal quenching and thermoforming. Some 

manufacturers are developing and marketing self-cleaning 

glass. 

V.  THEORETICAL ASPECTS OF PHOTO CATALYTIC EFFECTS OF 

HYPER HYDROPHILIC TITANIUM DIOXIDES 

The principle of self-cleaning glass based on a 

characteristic property of the titanium oxide TiO2, when it is 

in the anatase crystalline form. Indeed, the anatase titanium 
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oxide is a "photocatalyst" which is to say that any grease stain 

deposited on the surface is broken when illuminated by 

ultraviolet or visible radiation same. This reaction deteriorates 

or titania or glass on all which the catalyst is deposited. To 

create a self-cleaning glass, so the layer of anatase is deposited 

on the glass with average thicknesses of one hundred 

nanometers, which allows the catalytic decomposition of fats. 

Titanium dioxide TiO2 is a material present in many 

everyday products (paint pigments, cosmetics, foodstuffs). It 

comes in three forms crystalline rutile, anatase and brookite. 

The photoactivity of TiO2 is known for more than sixty years. 

This is in its anatase form (density 3.9) the titanium oxide has 

the most high photocatalytic activity and photo-induced 

hydrophilicity. CVD deposits are under anatase form. TiO2 

anatase is a semiconductor. The energy of the bandgap is 3.2 

eV, which means as photon energy at least equal to this value 

may create charge carriers free. This is the case of UV A (of 

wavelength equal to or less than 0.38 microns wavelength) 

light solar. Thus, anatase is transparent to visible light (mainly 

in the form of thin film) but tends to absorb UV radiation. 

The photo- chemical mechanism leading to soil degradation 

organic deposited on the surface of titanium oxide. First, a UV 

photon creates a pair of holders of mobile electrical charges. 

The charge carriers migrate to the surface and create radicals 

by interaction with water molecules and oxygen from the 

atmosphere. O2 and OH created Radicals will actively break 

down organic dirt as a result of reactions redox. Dirt 

composed of organic molecules are degraded and eliminated 

by rain water through the effect of hyper hydrophilic of the 

titanium oxide anatase. 

VI. SCIENTIFIC PERSPECTIVES OF OUR PROJECT  

Scientific and Technological issues of our project are: 

• Improved performance of photovoltaic systems 

• Possibility of technological innovation added value. 

• Development of a technology mastered locally high 

potential for use. 

• Development of processes with local materials. 

• Modelling and simulation of optoelectronic phenomena. 

• Experimentation and processing of coatings and thin 

layers nanomaterial at low cost. 

• Application of nanotechnology to renewable energy. 

• Prototyping demonstrator solar energy production cost 

reduced. 

• Possibility of technology transfer for future solar 

installations. 

• Adaptations of solar technologies to local climatic 

conditions. 

VII. CONCLUSION 

In this paper we have focused on the optimization of 

photovoltaic generators and their performance according to 

our local climatic conditions (Algeria). More specifically, we 

have shown the effect of high temperature (50°C) on 

photovoltaic energy. Various PV technologies exist and can 

be installed as a PV array to convert solar energy into 

electricity. The effect of the loss of electrical power due to the 

elevation of the temperature depends on the technology of the 

cell and photovoltaic module installed. Simulations of 

performances have been made in the case of the main families 

of solar cells and modules (Thin Film, mono crystalline 

Silicon, poly crystalline silicon, etc.). The combination of at 

least two different technologies to form a PV generator of 

acceptable performance with low power loss coefficient as a 

function of temperature is proposed and modeled. In Its 

ultimate optimization we will develop photovoltaic plants 

mixed technologies and self-cleaning better adapted to the 

production of energy in our southern regions at high 

temperatures.  
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