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Abstract.  Discusses the influence of the shape of the geometric surface of a photovoltaic battery (PVB) 

on its effectiveness. The features of photovoltaic systems based on silicon modules with different 

geometric shapes are considered. Expressions are given for determining the seasonal electric power 

generation of the PVB considering its surface geometry located in the parking lot, as well as calculations, 

are made to determine the optimal angle of inclination of the PVB to the horizontal surface under the 

conditions of the city of Tashkent. 

 

Introduction 
Nowadays, photovoltaic systems are widely used not 

only for energy consumption but also are used as 

architectural elements of urban and rural buildings, for 

example, sunshades for car parks (Fig 1 а), roofs of 

individual cottages (Fig 1 b), at the ends of tall 

buildings (Fig. 1 c), etc.  

In this case, photovoltaic batteries not only generate 

electricity, which can be transmitted to the city network 

or used to illuminate these objects, but also protect 

them from solar radiation. Since architectural 

compositions based on photovoltaic cells have a dual 

purpose, when designing objects, it is necessary to take 

into account not only the mechanical and optical 

characteristics of the new “building material”, but also 
their orientation relative to the solar radiation flux [1-

5]. As a new “building material” used photovoltaic 
batteries based on mono and polycrystalline silicon, 

also used flexible photovoltaic batteries. 

 
Fig.1. Photovoltaic systems: а) PVB as a car sun protection 
coating parking in the form of a fragment of a cylindrical 

surface.  

 

 
Fig.1. Photovoltaic systems: a) Energy supply of an 

individual cottage. 

 

 
Fig.1. Photovoltaic systems: b) Energy supply of high-rise 

buildings with a connection to the city network. 

 

The productivity of modern silicon fibs is 16-20%, 

the exploitation period is 25 years, the power is 

determined by the number of solar cells and the way 

they are switched, usually use a photo multiplayer with 
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a power. Usually use a PVB with a power of 200 - 300 

W.

The performance of flexible PVBs is ~18-24 % (in 

laboratory conditions), the service life is about 3-5 

years. Unlike silicon PVB, modern flexible solar cells 

can generate electrical energy in cloudy weather and 

any time of year. The flexibility of the solar battery 

allows it to equip the roof with a rough surface, tile 

roofs, coatings of complex shape [6-14].

Results and discussion
Let us determine how much electricity production will 

increase by increasing the area of photoelectric 

batteries if the silicon PVB in fig.1 is replaced by a 

flexible photoelectric battery. The power that is 

generated by the PVB is determined by the formula 

[8,9] 

 
    (1) 

η – efficiency of PVB; S- the area of the working 

surface of PVB; E0- solar flux density. 

Using (2), it is possible to compare the PVB of 

various types: silicon, thin-film, etc. When increasing 

the area of the working surface from S1 to S2, the 

relative increment of power will be written in the form: 

    (2) 

In order to evaluate the effect of increasing power 

due to the use of flexible photovoltaic cells, it is 

necessary to compare the photovoltaic cell with  �1 ~

�2  or  �1/�2 ~ 1:

    (3) 

Since the sun cover of a car park is a part of a 

cylindrical surface (Fig. 1, 2), it is possible to consider 

the side of a regular polygon inscribed in a circle of 

radius R and �� = 6� sin � as part of the 

corresponding arc. Inscribed in a circle of radius R, and �� = ��	
 = 6��  part of the corresponding arc. 

Fig.2. The geometry of the sun cover car parking. 

Angle AOD = 6�; ОD = AO = R; AB = BC = CD = L1;

Arc ��	
 = 6��

Assuming that the width of each receiving site AB = 

BC = CD is constant and exceptional and we can write 

following expression. 

∆� = 
�
� − 1 = ����� ��� � − 1 (4) 

Finally, (1) will be written as: 

   (5) 

if L1 = 1,58 m, and R = 2 m, then � ~ 23,00 and �P ~ 

2,0 %. If R >> L1, then � ~ 0 and ΔP ~ 0. 
Thus, a change in the geometric shape of the of the 

PVB area by replacing the standard PVB with a 

flexible one can be achieved when L1 ~ R. 

For the year, the specific production of electric 

energy of a photovoltaic installation (PVI) is 

determined by summing up the monthly production 

values, found in turn, based on the hourly calculation 

of electric energy production for each average day of 

the month. The annual generated electric production of 

the PVI (W0) depends on the operating conditions: time 

of day, location (climatic zone), condition of the PVB 

working surface, etc [15-17]. 

6)

where Р0 – nominal power PVB by seasons; N1, N2

N3 N4 - respectively, the number of days for the season 

of the year; t1 = 4 ÷ 5 h, t2 = 8 ÷ 9 h, t3 = 11 ÷ 12 h, t4 =

8 ÷ 9 h - daily sunshine by season in Uzbekistan [18].

By the formula (2), the average values of the specific 

electricity generation of the PVI for a year are 

calculated.

Fig.4. The direction of solar radiation on the PVB 

located in the parking lot of cars on seasons. 

Taking into account the location of the PVB that is 

described in fig.4 in the car park during the year and 

using the expression, you can calculate the seasonal 

generation of electricity of the PVB: 
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���.���. = �Р�� !�"#$ + ��� !�#%&' + ��� !("�� ) ∑ (-�)0��2���.3.4 = (Р�� !�#%&'. + ��� !�"#$. + ��� !(#%&'. ) ∑ �-�,7)0�,8�2���.39". = �Р�� !�"��. + ��� !�#%&'. + ��� !("#$. ) ∑ (-()0:�2�
(7)

Where ��� "#$, ��� #%&' and ��� "�� - respectively the 

maximum, average and minimum value of the power of 

the FEB for the season of the year;

According to expression (7), it can be explained 

that in winter time the orientation of the receiving site 

(AB) of the PVB-1 is cost-effective taking into account 

the height of the Sun above the horizon. The rest of the 

receiving sites PVB-2 and PVB-3 in terms of the angle 

of inclination to the horizon has different rated 

capacities. For the rest of the seasonal period (spring, 

autumn and summer), PVB-2 (BC) is cost-effective for 

spring and autumn month while PVB-3 (CD) receive 

more radiation in summer than other receiving site in 

terms of solar flux density coming to the perpendicular 

area. 

The PVB should be located in the most lighted 

place and should be installed in a southerly direction. It 

is also worth remembering about the seasonal changes 

in the angle of the Sun, under which the solar radiation 

of the receiving area of the installation falls. For each 

latitude, it has its own optimum angle of the flat 

inclination of the PVB installation and only for the 

areas near the equator the PVB should be horizontal. 

It is usually recommended to change the angle of 

inclination of the PVB three times a year to the fixing 

positions in the supporting structure (Fig.3). If the PVB 

installation is installed on a flat surface, for example, a 

soft roof, it is extremely important for the PVB to be 

raised above its surface. That is, there should be space 

under the equipment for free air circulation. The 

distance between the plane and the PVB should be 

more than ≥10 cm, and otherwise, the PVB will be very 

hot, which leads to a decrease in the generation of 

electricity in the battery. 

The PVB support structure must be resistant to 

adverse environmental factors: strong wind gusts, large 

amounts of precipitation and corrosive properties. 

Fig.3. Determination of tilt angle of PVB for spring 

and autumn equinoxes (1), for the winter period (2) and 

for the summer period (3) 

The receiving area of the PVB is oriented daily by 

the angle of inclination, which is determined by the 

formulas:  

;< = >< − ?< (8)

where φ0- is the northern latitude of the terrain; δ0 - 

the declination angle of the Sun for a given day [19]. 

The declination of the Sun on a given day is 

determined by the Cooper formula: 

(9)

where n is the ordinal number of the day of the year, 

counted from January 1. The number of the average 

settlement day of the month for I-XII months of the 

year is usually taken as in [20]. 

The optimal monthly angles of the tilt of the PVB 

for the city of Tashkent found according to expression 

(8), are given in Fig.5. Respectively the coordinates in 

geographical degrees of the city of Tashkent is φ0- 

41,264650 and ψ0- 69,216270. 

 
Fig.5. The optimal monthly angles of tilt of the PVB for the city of Tashkent 
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The calculation shows that for the spring and 

autumn equinox the optimal angle of inclination is 

equal to the latitude of the region. However, during the 

operation of the PVB, a change in the orientation of the 

angle of inclination by months creates difficulties. 

Thus, the choice of the angle of inclination of the PVB 

is carried out in seasonal variations (in winter, spring, 

autumn and summer). 

Knowing insolation in a given geographical 

location, we find that the minimum energy of solar 

radiation is characteristic for January and December. In 

these two months, the declination of the Sun ranges 

from -17,50 to -23,50. The average value of the 

declination angle is determined through the arithmetic 

average cosines of these angles: 

cos ?#%&'. = @A��!�B,CD)E@A��!�(,CD)�    (10) 

From where

     

?#%&'. = −20,7<. Then the optimal 

angle of inclination for the winter period of Tashkent. 

;< = 41,3< − (−20,7<) = 62,0< (11)

Calculations will continue for the summer period (June 

and July): 

KLM ?#%&'. = NOP��(,CD)ENOP��Q,CD)�   (12) 

From where ?#%&'. = 21,1<. The optimum angle of 

inclination for the summer period; 

;< = 41,3< − 21,1< = 20,2<
(13)

Below is the location of the PVB in the angle of 

inclination to the horizontal plane of the seasons of the 

year in the conditions of the city of Tashkent. 

table 1 

The optimum tilt angle of PVB to the horizontal 

plane on seasons of the year

Winter Spring and 

autumn

Summer

~620 ~410 ~200

Conclusion 
The orientation of the PVB on the angle of 

inclination leads to two positive effects: 

- an increase in the power of the PVB due to 

incident solar radiation perpendicular to the front 

surface of the module; 

- a significant reduction in battery charging time 

due to an increase in battery charging current with an 

increase in PVB power. 

In connection with the foregoing, solar power 

plants with a certain curvature of the plane of solar 

panels do not require seasonal variations in the angle 

relative to the horizontal plane of the photovoltaic 

systems. In addition, solar power plants with a certain 

curvature of the plane in solar panels, cleaning their 

surface is easier in rainy weather conditions and it is 

possible to clean their surface with jet water. 
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