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Abstract – Installation of renewal energy plant is a vital question for safeguarding 

cities and human agglomerations against pollution and helping them in the effort to 

save conventional energy contribution. As it is a widespread issue, PV plants can be 

located everywhere even in a severe conditions on the proviso that no external 

depositions, covering and coating the solar module, can alter the photovoltaic 

efficiency. To solve the problem, practically speaking, diverse solutions are envisaged 

and among them there is a continuous cleaning of dust by means of water and special 

liquids. The research proposes a modelling of the effect of dust on efficiency using 

experimental measurements provided through MPPT (maximum power point tracker) 

installed in the measuring architecture. Dust covering the PV module reduces the 

solar irradiance affecting the energy conversion. A comparison has been performed 

between a clean PV module under MPPT variations and another one of the same 

technology (CdTe, cadmium telluride) with dust. Both acquisitions have been carried 

out simultaneously for around one month. Both measurement campaigns agree with 

the scientific literature.     

Keywords: Photovoltaic measurements, Dust, Solar radiation, MPPT, Solar energy, Efficiency, CdTe 

module, Pollution. 

1. INTRODUCTION

Thin-film CdTe  PV module is generally used in area where the interest is to capture 



  

 2 

diffuse radiation of sunlight. CdTe is an active material having the following properties: 

- It has an energy gap of 1.45 eV necessary to capture solar radiation; 

- A very light absorption is denoted since its energy gap is direct; 

- Low cost production thanks to developed deposition techniques; 

- Strong bonding leads to an extremely high chemical and thermal stability.  

By using the most advanced processes, numerous film-fabrication techniques have 

been used to deposit CdTe for moderate- to high-efficiency solar cells, and for some 

reviews of these we suggest the  Handbook  of Photovoltaic Science [1]; the 

photovoltaic behavior of CdTe/CdS solar cells having conversion efficiency from ∼10 

to ∼16% has been remarkably independent of the CdTe deposition technique. The 

current commercial efficiency is  around 13% while the new record is approximately 

18.7%. However, the main advantages of this technology are: reliable production of 

energy thanks to the high thermal tolerance and high performance, even in the case of 

diffuse sunlight. As we may know, there are different methods for determining the 

energy production, hence the efficiency. One of the most immediate and affordable 

methods is the matrix method but it is difficult to apply it for thin-film CdTe module. 

However some positive findings have been developed [2] that allow us today to use it 

for this kind of module. As any photovoltaic module, thin-film CdTe module is affected 

by dust covering its surface. Not only dust but all depositions can negatively impact on 

the electrical characteristics of the module. The quality of deposition has diverse 

impacts because dust is a simple covering of surface that can be removed by water but 

in case of persistent deposition due to heavy materials, that are the consequences of 

hydrocarbons and solvents [3], in this case the effects can be irreversible on the module 

not only as a decrease of the quantity of sunlight to be converted in electrical energy but 
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also damages on the PV glass and electrical connections. For this latter case, a 

localization of a PV plant becomes questionable since the cost of the disposal of these 

materials will become very high for the owner.  In an analytical viewpoint, dust and 

other materials which are deposited on PV modules could be the result of three kinds of 

deposition [4] [5][6]: dry, humid (wet) and shadow. 

Dry deposition 

With this acceptation we intend all processes by means of which gas and particles 

present in the atmosphere are transferred to ground surface, either on objects (buildings 

and others) or living beings (vegetation, animals, humans). The term “dry” refers as to 

mechanisms that determine the transport of gas and particles to surface, and not to the 

nature of the surface. The intuitive and common concept used to describe the dry 

deposition of a certain micropollutant, gaseous or particulate, is the deposition speed vd 

defined as [7] 

                                                      
( )

d

F
v

c z
                                                              

(1) 

where  F is the flow of removed pollutant per unit of surface  [gm
-2

 sec
-1

] 

c(z) stands for pollutant concentration near the ground [gm
-3

] 

vd speed of deposition                                                     [ms
-1

] 

The dry deposition of atmospheric gas and particulates takes place in two distinct steps: 

first, transferring of micropollutants to a surface, while the second step regards the 

retention of micropollutants on such surface. 

Wet deposition 

Wet deposition includes all processes through which atmospheric contaminants are 

transported on soil in diverse forms of precipitations (rains, snows, fogs). Hence, wet 

deposition  concerns the interaction of pollutants with atmospheric water and it 
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encompasses chemical reactions in aqueous phase, beyond the process of precipitation. 

Let Q(t) be the quantity of pollutant at instant t, after a range dt, we will have  

                                            ( )
( ) ( ) wl t dt

Q t dt Q t e                                                               
(2) 

where lw(t) is the coefficient of washout and it can be expressed in terms of precipitation 

intensity, P(t) [in mm/h], that is 

                                                    
0( ) ( )a

w wl t l P t                                                                
(3) 

in which  lw0(t) is a constant that depends upon the type of pollutant and a is an 

exponent that varies from 0.75 up to 1[8]. 

Shadow deposition 

There is a further  mechanism that can be qualitatively defined as “intermediate” 

between the previous ones. It is due to droplets of cloud or fog, alias shadow deposition 

[9] [10]. This phenomenon has the characteristics of wet deposition, because clouds and 

fogs are constituted  by droplets of liquid water. Unlike elements of precipitation 

(droplets of rain, snowflakes, beans of hailstorm), which deposition is essentially 

produced by gravitational sedimentation.  Pollutants encompassed  in droplets are in 

contact with surfaces, which  they can interact with. The balance of shadow deposition  

of a pollutant l will be composed by two terms: the first is related to the volume of 

water (droplets) deposited per unit of time and surface and the second dealing with the 

concentration of pollutant i within the deposited droplets:  

                                                         
2i H O id d c                                                              

(4) 

where 

2H Od  is the volume of water deposited [lm
-2

 h] 

ci is the concentration of i-th pollutant inside droplets [gl
-1

]  

di is the total quantity of i-th pollutant removed for shadow deposition [gm
-2

h] 
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The terms 
2H Od  is not directly determined but it is necessary to calculate it by knowing 

the dimensional distribution of droplets. A further difficulty derived from the 

circumstance according to which the concentration ci cannot be constant in droplets of 

diverse dimensions. The term 
2H Od  can be split in two parts, 

                                                         
2 2H OH O dd LWC v                                                         

(5) 

where  

LCW (Liquid Water Content) is the content of liquid water in the cloud or fog, 

summation of volumes of single droplets suspended in air per unit of volume [lm
-3

h] 

2H Odv  is the speed of deposition of droplets [mm
-1

]. In concise terms, the elements that 

concur to determine the shadow deposition are the followings: 

- content of liquid water within the cloud/fog; 

- speed of deposition of droplets; 

- concentration of pollutants in the droplets; 

- frequency of clouds and fogs. 

As a practical example, Fig.1 shows two different cross-sections of CdTe and silicon 

PV cells respectively. Above all, a protective stratum of glass is represented to avoid 

direct contact between atmosphere and cell/panel. Glass can be “corroded” by 

hazardous material deposition from dangerous emissions, mostly containing metals. 

However it is almost an exceptional case since glass is resistant to the high majority of 

chemical elements.  In the event of “corrosion”, the glass should certainly have a 

fabrication defect. However, deposition can penetrate the PV cell by means of the 

contour of the panel since it is generally protected by a metallic tape for small plants but 

it is not mounted for normal big plants in order to put panels in a juxtaposed way. 
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Figure 1. Cross section of CdTe and silicon solar cells 

 

The aforementioned considerations yield to a great concern when managing 

photovoltaic plants, especially in some sites like deserts, industrial areas, areas with 

high deposition rates, etc…Many company installing PV modules use special ecological 

liquid cleaners  [11] [12] [13] to remove deposition, hence, damages on modules since 

deposition can bring to a decrease of produced energy up to 50%.  This kind of 

percentage is an economic loss for users. 

 

2. SCENARIO AND CONTEXT 

The experimental facility is located on the roof of the Department of Innovation 

Engineering according to GPS co-ordinates (40.335273, 18.114991). The context, as 

illustrated in Fig.2, displays the presence of infrastructures capable of producing dusts 

at short distances but we have also depositions from saharian aerosols, pollutants from 

industrial plants and in some cases saltiness.   Quarries, close to the plant, have a 

particular influence, because they use plants for crushing limestone for different 

javascript:void(0)
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granular dimensions.  Even if plants are covered according to current legislation, wind 

and lorry traffic are source of dust diffusion and air-transportation. The other sources 

are buildings and civil infrastructures under construction. We have chosen to perform 

the proposed analysis on thin-film CdTe  PV modules since their efficiency is lower 

than that related to mono/polycrystalline modules for concentrated sunlight.  

 

Figure 2. Scenario and context of experimental activities within Lecce campus 

 

The thin-film CdTe  PV modules are depicted in Fig.3 and they are connected to 

MPPT (maximum power point tracking) system [14] and the acquisition architecture is 

illustrated in [15] and summarized in the next section. A dedicated software is used to 

process data including atmospheric conditions as wind, humidity, solar radiation, etc... 

These conditions are monitored by dedicated instrumentation located on the roof.  
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Figure 3. View of thin-film CdTe PV modules located on the Dept lab roof 

 

3. EXPERIMENTAL ARCHITECTURES AND DATA ACQUISITION 

The experimental architecture consists in different units, starting from monitoring 

devices:  the  pyranometer CM11 [16] for measuring solar radiation,  direct solar 

radiation and diffused one,  a weather station WS3650 [17] able to transmit via wireless 

system data to the computer station. The general architecture is illustrated in Fig. 4. The 

PV module (75 w, K-275, First Solar), based on thin-film CdTe,  is used for this 

purpose which parameters are read and stored by means of a dedicated software and 

computer (see Fig.5). However, before transmitting data to computer, they are first 

processed and stored by a MPPT 3000 [18] in order to trace and find the requested point 

in accordance with the plots of Fig.6 using  the GUI illustrated in Fig.7.   A datalogger, 

agilent 34970 [19], is connected to the computer, receiving data from MPPT and the 

other monitoring devices and apparatuses.  
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Figure 4. Measurement architecture system 

 

 
Figure 5. Measurement GUI for PV module acquisition 

 

The acquisition system is a 24 hours complex system able to perform measurements 

for all PV modules installed on the roof of the Dept lab. To avoid data missing and 

mismatch, all the system is connected to an UPS (uninterruptible power system). Every 

two minutes we have an acquisition of PV module data, for instance, power, voltage, 

current, MPPT resistances and operating parameters, etc...  The MPPT system, watching 

Fig.8, contains power unit and controlling parts. The MPPT system must be always 

connected to a load resistance. This latter has an impact on data recovery. To allow 
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better variation of MPPT resistance, an additional and external resistance has been 

included. The optimal load resistance of this MPPT ranges from 18 up to 22 ohms, 

especially for south italian regions.  

 
Figure 6. MPPT plots 

 

 
Figure 7. MPPT GUI 

 

Any value out this range can change the performance in calculating energy production 

and as it is outlined in previous sections, the main scope is to realize a system able to 

understand the effect of shadow (covering film) due to dust in connection with the 
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energy production. This kind of approach, using only a MPPT is very interesting since it 

can be performed without using an actual film of dust even if the experiment requires 

dust on the PV module. 

 
Figure 8. MPPT 3000 inner part. The red arrow indicates power unit. 

 

4.  RESULTS  

The experiments have been conducted from the beginning of may 2014  up to mid june 

2014. The chosen period is very significant in Lecce since may and june are the 

transitional month from spring to summer with interesting diffuse radiation earlier in the 

morning and appropriate quantity of wind [20]. Two PV modules based on thin-film 

CdTe have been used with the architecture of previous section. As we may know, the 

general formulation of the efficiency  of a PV module is given by  

                                                     out oc sc

in c

P V I FF

P E A
                                                           

(6) 

where  

Voc is the open-circuit voltage; 

Isc is the short-circuit current; 

FF is the fill factor; 

E  is the incident radiation flux; 

Ac  is the area of collector. 
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Given the experimental plant above described and the PV module, taking into account 

the efficiency depicted in Eq.(6), the only quantities that can change are Voc and Isc. The 

first is the open-circuit voltage and the latter is the short-circuit current.  Both quantities 

can be influenced by the dust film deposited on the PV module. 

 
Figure 9. Normal experimental CdTe power matrix 

 

Fig.9 describes the power produced by the same CdTe in normal conditions, same 

period, without dust on the module. The experiment with the introduction of additional 

resistance yields to results expressed in Fig.10. Four resistance values have been used, 

that is, 8 ohms, 10 ohms, 23.5 ohms and 47 ohms. As we have sentenced, the optimal 

range of MPPT load resistance is 18 ohms up to 22 ohms (for the considered location) 

even if the operating load resistance range is from 18 ohms up to 47 ohms. The choice 

of resistance in such interval depends upon the climate where the CdTe module is 

located.  Fig.10 (23.5 Ω) is similar to that of Fig.9 and there is a uniform distribution 

with the increasing of solar radiation G expressed in w/m
2
. But there are small 

abnormalities at  35°C-39°C versus 60 w/m
2
 - 130 w/m

2
;  in Fig.9, there is no energy 
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production while in Fig.10 there is, even small. That is due to the overcoming of the 

optimal resistance for 1.5 Ω. All figures illustrate the electrical power (vertical axis), 

and in the horizontal plane we have temperature vs solar radiation.  

 
Figure 10. Dust-based experimental CdTe power with matrix method varying R. 

 

Remembering that below 18 Ω as MPPT load resistance, there is an increase of current 

that could be dangerous for the working procedures of the system. In Fig. 10 we see the 

power production for 10 Ω and 8 Ω. The daily average power production is shown in 

Fig.11. From this last figure we report the power in function of the days of 

measurements. With 5.95 Ω ± 10%, we have a produced power (103 w) greater than the 

75 w nameplate power of the PV module. This is apparently a nonsense but it is not; 

going down with the value of resistance, we used resistances with uncertainty of 10 Ω. 

The theoretical maximum power of the used PV module is around 95 w, plus 10% of 

resistance uncertainty, this brings to the determined power of 103 w. This is also true 
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because of the increasing of current due to the decreasing of the resistance. According 

to the experimental data the decrease of power has been mainly pointed out with the 

MPPT load resistance of 47 Ω ± 5% that corresponds to 20 w. That is true since the PV 

module, which investigations have been conducted on, has not been voluntarily cleaned 

since six years and when it rains the module is generally covered. This aspect falls 

within the research topic regarding ageing of PV module.  Dust operates as shadow on 

PV module as it is illustrated in Fig.12. The captions sentence the following: with 

modification stands for introduction of resistance. Fig. 12 is an alias of Fig.11 because it 

illustrates, in another manner, the impact of shadow, intended as long time dust film on 

the PV module.    

 
Figure 11. Experimental comparison between real dust presence and MPPT 

resistance variation 

 

 
Figure 12. Energy loss for shadow on PV module 
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5. FINAL OUTLOOK 

With this paper, we have investigated on the possibility of performing modelling and 

experimental trials for retrieving the interested parameters able to allow a further 

simulation of dusts and pollutants deposition [21] [22] on thin-film CdTe PV modules. 

While the results of this research can be expected for mono/polycrystalline PV modules, 

it is not for thin-film CdTe PV modules in the  climate conditions of the location. As we 

may know, this kind of PV module is generally used where the diffuse radiation is very 

important as in northern areas of the word, for example from Germany/Belgium 

(Europe) while in southern Europe, mono/polycrystalline PV modules are generally 

used. After many years, the deposition becomes very hard to remove because of 

crystallization, that is, the film of dusts and pollutants [23] becomes like a caramel or 

fatness. So, a decrease from 75 w down to 20 w after six years of exposure to 

contaminants is matter of reflection for managing PV plants in dirty atmospheres. For 

verifying the state of PV modules before and after cleaning,  onsite inspection systems 

and devices are needed by means of special sensing systems [24] [25] [26] capable of 

detecting eventual holes and stripes.        
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Effects of Dust on Photovoltaic Measurements: A Comparative Study 
Aimé Lay-Ekuakille et al. 

Highlights 

1) A comparative study is performed to understand the effects of dust on PV efficiency 

by considering MPPT.   

2) A CdTe PV module is used to compute its efficiency in dusty conditions. 

3)  A specific chain of measurements  is used to perform all acquisitions . 

4) An appropriate method is used for evaluating the energy produced. 

 


