
  

 

 Journal of Electrical Engineering and Information Technologies, Vol. 2, No. 2, pp. 97–104 (2017) 

Article 141 In print: ISSN 2545–4250 

Received: September 5, 2017 On line: ISSN 2545–4269 

Accepted: October 25, 2017 UDC: 621.383.51-111.3:514.11 

Original scientific paper 

IMPACT OF POLLUTION AND TILT ANGLE ON SOLAR PHOTOVOLTAIC  

MODULES PERFORMANCE* 

Andi Hida, Rajmonda Bualoti, Marialis Çelo 

Faculty of Electrical Engineering, Polytechnic University of Tirana, 

Square "Mother Teresa" 4, Tirana, Albania 

andi.hida@fie.upt.al 

A b s t r a c t: Taking into account the substantial cost of a photovoltaic (PV) system, should maximise module 

efficiency. The experimental tests are conducted with the group of 10 photovoltaic panels installed on the roof of the 

building of the Electrical Engineering Faculty resided on the Polytechnic University of Tirana. The PV panels are split 

in groups of two with 5 different tilt angles, respectively 0°, 30°, 45°, 60° and 90°. To view the pollution and the tilt 

angle effects, one of the panels is cleaned every day. Monitoring the group of panels gives interesting conclusion about 

the impact of the dust and the tilt angle on PV production efficiency, as well as, the impact of the tilt angle to the dust 

settlement. The results show an increase in the performance of clean panel. The I-V and P-V characteristics curves 

were constructed and compared. 
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ВЛИЈАНИЕ НА ЗАГАДУВАЊЕТО И НА АГОЛОТ НА НАКЛОНОТ ВРЗ ПЕРФОРМАНСИТЕ  

НА ФОТОВОЛТАИЧНИТЕ МОДУЛИ 

А п с т р а к т: Со оглед на високата цена на фотоволтаичните (ФВ) системи, потребно е да се максимизира 

енергетското производство од модулите. Експериментални испитувања се направени на група од 10 фо-

товолтаични модули инсталирани на покривот на зградата на Факултетот за електротехника при Политех-

ничкиот универзитет во Тирана. ФВ-панели беа инсталирани по два во пет групи со пет различни агли на нак-

лон: 0°, 30°, 45°, 60° and 90°. За да се утврди влијанието на таложењето на прав и на аголот на наклонот, едниот 

од модулите се чистеше секој ден. Со мониторинг на енергетското производство на групите се добиени инте-

ресни заклучоци во однос на влијанието на таложењето на прав и на аголот на наклонот. Резултатите покажаа 

зголемено производство кај чистите модули. Конструирани и споредени се кривите на I-V и P-V-карактерис-

тики на ФВ-панелите. 

Клучни зборови: фотоволтаичен модул; прав; перформанси на модули; агол на наклон; I-V карактеристика 

INTRODUCTION 

Interest on renewable energy sources, every-

where in the world, is increasing day by day for 

these reasons: oil, natural gas and coal are all with 

limited reserves, fuel stocks (especially oil) are con-

centrated (nearly 75% of them) in the Middle East 

area, a zone of high volatility, and more weight at 

the present time is the ever-increasing environmen-

tal pollution. [1] 

It is now apparent that among renewable en-

ergy sources, solar energy is a very promising 
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source of energy for the future and its use is quite 

attractive [2]. 

High power capacity per unit weight, silent op-

eration, no need for an active cooling system, and 

easy installation are the main advantages of PV 

technology [3]. The average lifetime of photovoltaic 

panels is about 25 to 30 years. [4] 

The radiation received by cells inside the PV 

module is lower than radiation arriving to the mod-

ule surface. The main causes of this energy loss are 

dirt accumulation on the surface of the modules and 

reflection and absorption losses by the materials 
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covering the cells [5]. On a fixed tilt module, the 

soiling effect increases as the tilt angle decreases. 

Energy loss of 50% from PV system due to 

soiling has been reported in places like Iraq and 

Libya. Hence, energy yield loss due to soiling is an 

important parameter to be considered, and is de-

pendent on the geographical location [6]. 

The paper presents the impact of the dust and 

the tilt angle on PV production efficiency. The re-

sults show an increase in the performance of clean 

panel. For this reason, it is necessary to remove the 

dust by programming the periodic cleaning of the 

modules. The most common method of cleaning PV 

modules in the field is using water. But, if the water 

available for cleaning at the site is hard, it would re-

sult in damaging the module glass surface. [7–8] 

SOLAR ENERGY IN ALBANIA 

The geographic position of Albania and its 

Mediterranean climate provide favorable conditions 

for the successful development of the solar energy. 

The high intensity of solar radiation and its duration, 

temperature and air humidity, etc., will contribute to 

this.  The Mediterranean climate with mild winters 

and hot and dry summers make Albania a country 

with higher potential for utilization of solar energy 

than the average (Figure 1). 

Currently only hydropower makes a signifi-

cant contribution to the current energy consumption 

in Albania. The present power system meets only 

70–80% of the total demand. However, the country 

has significant potential for renewable resources in 

the form of wind, solar and biomass. It can be said 

that the main challenges of the Albanian energy sec-

tor are diversification of energy resources and self-

sufficiency of domestic energy needs, thus reducing 

dependence on imports. 

According to the measurements on the solar ra-

diation carried out by the Hydrometeorological In-

stitute that are based on the data of nine meteorolog-

ical stations, under the conditions of the geographic 

belt where the meteorological stations are located, 

the total annual solar radiation varies from a mini-

mum of 1,185 kWh/m2 in the north-eastern part of 

Albania (Kukesi) to a maximum of 1,690 kWh/m2 

in the south-western part of Albania (Fieri). So, the 

average annual solar radiation in Albania is 1,450 

kWh/m2 [9]. 

 

Fig. 1. Average daily solar radiation and average quantity of sunshine hours in Albania 
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In addition, from the same measurements ap-

pears that the average daily solar radiation varies be-

tween 3.2 kWh/m2 per day in the north-eastern part 

of Albania (Kukesi) and 4.6 kWh/m2 per day in the 

south-western part of Albania (Fieri). The average 

daily solar radiation for the whole country is 4.3 

kWh/m2 per day. Most areas of the Albania benefit 

more than 2,200 hours of sunshine per year, while 

the average for the whole country is about 2,400 

hours of sunshine/year. The western part of Albania 

receives more than 2,500 hours of sunshine/year, 

while in Fieri 2,850 hours of sunshine/year have 

been recorded. The number of sunny days varies 

from an average of 240–260 days/year to a maxi-

mum of 280–300 days/year, in the south-western 

part of Albania. 

The Table 1 gives the average solar radiation 

intensity for the six main Albanian meteorological 

stations and for each month of the year. These data 

are obtained from the Institute of Hydrometeorol-

ogy. 

T a b l e  1   

The solar radiation intensity kWh/m2 per day 

Month Shkoder Peshkopi Tirane Vlore Erseke Sarande 

January 1,70 1,55 1,80 2,15 1,90 1,9 

February 2,30 2,30 2,50 2,85 2,70 2,4 

March 3,35 3,25 3,40 3,9 3,40 3,6 

April 4,50 4,15 4,20 5,00 4,40 4,8 

May 5,45 5,25 5,55 6,05 5,60 5,8 

June 6,10 5,85 6,40 6,80 6,40 6,8 

July  6,50 6,25 6,70 7,20 6,80 6,1 

August 5,55 5,45 6,05 6,40 5,90 4,8 

September 4,45 4,35 4,70 5,15 4,70 3,6 

October 2,90 2,90 3,20 3,50 3,10 3,2 

November 2,10 1,85 2,15 2,40 2,10 2,0 

December 1,70 1,50 1,75 1,85 1,80 1,8 

PHOTOVOLTAIC CELLS 

The characteristic curve of the equivalent circuit 

A solar panel consists of individual cells that 

are large-area semiconductor diodes, constructed so 

that light can penetrate into the region of the p-n 

junction. The junction formed between the n-type 

silicon wafer and the p-type surface layer governs 

the diode characteristics as well as the photovoltaic 

effect.  

Light is absorbed in the silicon, generating 

both excess holes and electrons. These excess 

charges can flow through an external circuit to pro-

duce power. 

For modeling the PV solar panel the one-diode 

model was used to describe the electrical character-

istics of the solar cell (Figure 2). The model consists 

of a linear independent current source in parallel to 

a diode, a series (Rs), and a shunt resistance (Rsh), as 

shown in Figure 3 [10]. 

 
Fig. 2. Shift of the solar cell I/V curve  

with increasing incident light 

 
Fig. 3. Cell equivalent circuit (one-exponential model) 

The main expression for determining the gen-

eral one-diode model is written as given below: 
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where “I” is the current supplied by the module (A), 

“I0” is the inverse saturation current, depending on 

the temperature (A), and “Iph”  is the photocurrent 

(A) proportional to the irradiance G, with a correc-

tion as a function of TC, the effective temperature of 

the cells (K),  “q”  is the charge of the electron (= 

1.602 × 10 – 19 C) and “V” is the voltage at the ter-

minals of the module (V). Ncs, Gamma, and “k” are 

the number of cells in series, the diode quality factor 

normally between 1 and 2, and Boltzmann's con-

stant (= 1.381 × 1023 J/K), respectively. 
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Every model of solar panel has unique perfor-

mance characteristics which can be graphically rep-

resented in a chart. The graph is called an “I-V 

curve”, and it refers to the module’s output relation-

ship between current (I) and voltage (V) (Figure 4) 

[11]. 

 
Fig. 4. Solar cell I-V characteristic curve 

Because of Ohm’s law (and the equation 

Power = Voltage × Current), the result of reduced 

voltage is reduced power output. The ideal position 

on any I-V curve – the sweet spot where we can col-

lect the most power from the module – is at the 

“knee”. That’s the maximum power point (MPP). 

Photovoltaic cell efficiency 

The characteristic resistance of a solar cell is 

the output resistance of the solar cell at its maximum 

power point. If the resistance of the load is equal to 

the characteristic resistance of the solar cell, then 

the maximum power is transferred to the load and 

the solar cell operates at its maximum power point. 
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The efficiency is the most commonly used pa-

rameter to compare the performance of one solar 

cell to another. Efficiency is defined as the ratio of 

energy output from the solar cell to input energy 

from the sun.  

The efficiency of a solar cell is determined as 

the fraction of incident power which is converted to 

electricity and is defined as: 
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where:  

Voc is the open-circuit voltage;  

Isc is the short-circuit current; 

FF is the fill factor and η is the efficiency. 

The input power for efficiency calculations is 

1 kW/m2 or 100 mW/cm2. Thus the input power for 

a 100 × 100 mm2 cell is 10 W and for a 156 × 156 

mm2 cell is 24.3 W. 

To increase the efficiency of the solar cell it is 

necessary to increase Voc and Iѕc and that FF is 

around one [12]. 

EXPERIMENTAL WORK 

The experimental tests are conducted with the 

group of 10 photovoltaic panels installed on the roof 

of the building of the Electrical Engineering Faculty 

resided on the Polytechnic University of Tirana 

(Figure 5).  

 
Fig. 5. The roof of the building of the Polytechnic University of Tirana 
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The cells type is ISF-60/12 (maximum power 

of each panel is 60 Wp, made by Isofoton, Spain 

(Table 2).  

The installation of PV panels are split in gro-

ups of two with 5 different tilt angles, respectively 

0°, 30°, 45°, 60° and 90° (Figure 6). To view the 

dust and the tilt angle effects, one of the panels is 

cleaned every day. 

For each panel open circuit voltage and short 

circuit current are measured, parameters that affect 

solar panel efficiency. 

To construct characteristic curves I-V (volt-

age-current) and P-V (power-voltage), a rheostat is 

used and current and voltage values are measured as 

shown below (Figure 7). 

T a b l e  2   

The used PV modules specifications 

Solar module type  ISF-60/12  

Peak power  60 W  

Max. power voltage  17.3 V  

Max. power current  3.47 A  

Open-circuit voltage  21.6 V  

Short-circuit current  3.73 A  

Weight  6.5 kg  

Dimensions  776 × 662 × 39,5 mm 

Panel efficiency 11.7% 

Fill factor 74.5% 

 

Fig. 6. Panels with different tilt angles 

 

 

Fig. 7. Test I-V and P-V characteristics for a photovoltaic module 
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RESULTS AND DISCUSSION 

For photovoltaic panels with 0o and 45o tilt an-

gles, tested with load, the volt-ampere characteris-

tics built for the clean and polluted panel case (Fig-

ure 8). 

The figure curves clarify that the cleaned cell 

produced the maximum current and voltage while 

the polluted one produced the minimum I-V. 

It appears that pollution affect both character-

istic curves I-V, but rather to affect the angle 0o. 

This is due to the placement of the panel horizon-

tally, making it difficult to remove pollution in  

case of rainfall or winds. It should be noted that the 

pollution deposited on the lower parts of the mod-

ules near the frames (which should be taken into ac-

count for cleaning more often). 

This impact of pollution is also evident in the 

characteristic curves P-V constructed from the data 

obtained at the I-V curves (Figure 9): 

From the calculations it turns out that the dif-

ference in relation to the maximum power (Pmax) for 

the 0o tilt angle is 12.9%, whereas for the 45o is 8%. 

It is thus seen that the efficiency of the solar 

cell depends on open circuit voltage and short-cir-

cuit current. 

The open circuit voltages are measured for 

each tilt angle in 3 different times, to see the impact 

of the pollution in each case. By means of measured 

values the differences in % of the open circuit volt-

ages are extracted as follows Tables 3 and 4. 

From these data it is seen that the greatest in-
fluence on the open circuit in relation to pollution is 
on 0o solar panel. While the smallest impact of pol-
lution is on the 90o solar panel. 

The same thing can be said about the short cir-

cuit current. The data measured in this case are pre-

sented in the Table 5. 

 

 

Fig. 8. I-V characteristics for the tested PV cells with load (for 0o and 45o tilt angle) 
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Fig. 9. The resulted power vs. voltage for the measured PV cells with load (for 0o and 45o tilt angle) 

T a b l e  3  

Open circuit voltages and differences in % for each tilt angle 

Uoc Time 11:00 Time 13:30 Time 14:45 

Angle 0 30 45 60 90 0 30 45 60 90 0 30 45 60 90 

Polluted (V) 18 18.24 19.5 19.59 19.77 18.3 19.11 19.59 19.77 19.47 15.12 17.91 19.29 19.65 19.32 

Clean (V) 19.14 19.35 19.71 19.8 19.98 18.87 19.65 20.01 20.1 19.77 17.22 18.81 19.8 20.16 19.8 

Difference % 5.96 5.74 1.07 1.06 1.05 3.02 2.75 2.10 1.64 1.52 12.20 4.78 2.58 2.53 2.42 

T a b l e  4  

Open circuit voltages for each tilt angle 

Uoc Polluted Clean 

Time\angle 0 30 45 60 90 0 30 45 60 90 

11:00 18 18.24 19.5 19.59 19.77 19.14 19.35 19.71 19.8 19.98 

13:30 18.3 19.11 19.59 19.77 19.47 18.87 19.65 20.01 20.1 19.77 

14:45 15.12 17.91 19.29 19.65 19.32 17.22 18.81 19.8 20.16 19.8 
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T a b l e  5   

Short circuit current and differences  

in % for each tilt angle 

Isc Time 11:30 

Angle 0 30 45 60 90 

Polluted (A) 2.631 2.67 2.7 2.724 2.757 

Clean (A) 2.703 2.721 2.739 2.763 2.79 

Difference % 2.66 1.87 1.42 1.41 1.18 

CONCLUSION 

The experimental tests are conducted with the 

group of 10 photovoltaic panels installed on the roof 

of the building of the Electrical Engineering Faculty 

resided on the Polytechnic University of Tirana. 

Clean and polluted photovoltaic panels are moni-

tored for each tilt angle, respectively 0°, 30°, 45°, 

60° and 90°. The results show a rise in efficiency for 

the cleaned panel for each tilt angle. But the biggest 

difference in performance occurs for 0o angle, while 

the smallest one for 90o angle. 

From the calculations it turns out that the dif-

ference in relation to the maximum power (Pmax) for 

the 0o tilt angle is 12.9%, whereas for the 45o is 8%. 

The pollution also affects the open circuit volt-

age and short circuit current values. So from the val-

ues obtained, a rise of up to 12.2% of the Uoc for the 

cleared panel with the 0o angle is seen. And the ef-

fect comes and decreases with the angle increase 

(where the smallest impact is on 90o angle). 

The same thing can be said about the short cir-

cuit current Isc. For 0o tilt angle the difference is 

2.66%, while for 90o the difference is 1.18%. 

This paper clearly shows the importance of 

cleaning and maintenance of photovoltaic panels to 

maximize their efficiency. 
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