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PARTIAL SHADING’S IMPACT STUDY ON ENERGY
PRODUCTION OF PHOTOVOLTAIC PANEL

SUMMARY
Photovoltaic (PV) systems have a high application in our country, due to the

high solar energy that can be exploited. They are consisted of photovoltaic cells with
the necessary devices for the conversion of electricity.

The aim of this work is to examine the degree of effect of shading on the
energy production of PV panels caused by obstacles that are located on or around PV
panel and affect its efficiency. This study will solve the problem of reduced efficiency
and finding solutions.

First of all, the solar energy and geometry are approached by observation and
suitable programs in order the size and the duration of the shade be defined. For this
reason, differences in the use of the same installation are required for updating the PV
system. Basic requirements of PV installation of PVs are studied for avoiding
damages.

Although, the basic goal is the maximum solar energy exploitation, in practice
this is not possible, as it is particularly difficult to achieve zero shading in urban and
suburban areas. In addition, the reduction of energy efficiency depends on the
duration of shading over time.

Therefore, it is necessary to study the ways of wiring the PV panels and the
possibilities that are created each time regarding the treatment of total and partial
shading. This is because shading varies in size and in how it affects the PV system.
The result of research on the energy losses of PV systems is the development of
control technologies, such as bypass diodes.

KEY WORDS: solar energy, photovoltaic panels, solar collectors, partial shading, by
pass diode, photovoltaic cell.
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. ( , 2015)

 1.1: .

(Kiehl & Trenberth, 1997).
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2.4.1.      
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2.6.  (inverters)

.

2.6.1.  DC/DC
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.
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3.  DC – DC  ( ).
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.

 DC - DC 

. 

. ,  DC - DC

. ,  DC – DC 

,  DC - DC 



 38  87

.  DC - DC 

.

 DC - DC

. 

 30  150V 

 DC – DC . 

 160V  DC - DC

. , 

 80V  DC - DC . 

 DC – DC

 ( , 2014).

2.6.2.  DC-AC 
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 230V 
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,   

.

 inverter 

. 
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1.

 – Voltage Source Inverters  Voltagefed Inverters - VSI).

2.

 – Current Source Inverters  Currentfed Inverters -

CSI).

) 

 ( ). 

. 

 DC to AC Converter.

 2.5 :
(Arwindra Rizqiawan, 2008)

.  (1, 2)  (3, 4) 

 ( =50 z) =/2 =0.01 sec. 

 ( , 2014).
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3. 

. 

, .

 n ,  V.

, 

.

 3.1 :  n 

 (Baghzouz, 2018).

,  (top cell) 

 n-1 . 

sc

.
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 3.2 :  n 

 (Baghzouz, 2018).

,   3.2,   Rp

. 

 ( d) . , 

irchhoff 

.

 (50%), 

:

1 :   sc/2: 

d .  

 3.3:
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 3.3 :

,  > sc/2. (Baghzouz, 2018).

  O  Kirchhof.

2 : sc/2: 

. I

irchhoff :

 Vsh = V 1 + Vd.
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 3.4 :  n 

 50%  < sc/2.  (Baghzouz, 2018).

3.1. 

, 

. ’ , 

, 

. 

.

, 

 7-8% , 

, 

. 

 5-10%. 

 15-20%, 

 100 kWp (=80 –85 kWp ). 

 1450 –1650 kWh .
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 100 kWp,  667  150 Wp. 

 30  933 m2

, 2014).

30
kWh/m2 kWh modules (12 %)

-
inverters      (20 %)  (kWh)

tot = • mod = tot • n  loss = mod • losses grid = mod • loss

1 80 74640 8956.8 1791.36 7165.44
2 92 85836 10300.32 2060.064 8240.256
3 138 128754 15450.48 3090.096 12360.38
4 165 153945 18473.4 3694.68 14778.72
5 200 186600 22392 4478.4 17913.6
6 205 191265 22951.8 4590.36 18361.44
7 221 206193 24743.16 4948.632 19794.53
8 216 201528 24183.36 4836.672 19346.69
9 184 171672 20600.64 4120.128 16480.51

10 134 125022 15002.64 3000.528 12002.11
11 99 92367 11084.04 2216.808 8867.232
12 81 75573 9068.76 1813.752 7255.008

1815 1693395 203207.4 40641.48 162565.9

 3.5 : , . ( ,
2014).



 45  87

3.2. 

 I-V

, 

. 

, 

 I-V 

.

,

 – - 

  . 

, ,

.

 2 ,  

 2 ( ):

, , 

.

 3.6 : (a) ,

(b) .



 46  87
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 (Salvadores, C. and Francisco, J., 2015).
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3.2.1.    

 3.9, 3.10, 3.11  3.12 

.

:

 3 

 6 

 I-V 

.

 3.9 :
 1  (Wang, Y.-J. & Po-Chun Hsu, 2009).

 3.10 :  I-V 
 1 .

(Wang, Y.-J. & Po-Chun Hsu, 2009).
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 3.11 :

 1  (Wang, Y.-J. & Po-Chun Hsu, 2009).

 3.12 :  I-V 
 1 .

(Wang, Y.-J. & Po-Chun Hsu, 2009).

 100%, 
 I-V, 

.  50%, 
,  Isc,  
 50%  100% 

,  Voc. 
, . 

, ,
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3.2.2. 

 36
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)
.

 I-V ( .  3.13) 
 I-V .

 36 
,  B

. , 4  4  36
, 36  36 

.

 3.13 :  I-V 
 (Wang, Y.-J. & Po-Chun Hsu, 2009).

, , ,
 Isc,   Voc

.

 I-V 
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 ( ) 
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 3.14  I-
V .

 3.14 : , 
 (Wang, Y.-J. & Po-Chun Hsu, 2009).

 3.15 :  I-V 
, 

. (Wang, Y.-J. & Po-Chun Hsu, 2009).
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 - - 
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, 
.

 3.16 :
 (Wang, Y.-J. & Po-Chun Hsu,

2009).

 3.17 :  I-V 

(Wang, Y.-J. & Po-Chun Hsu, 2009).
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3.2.3. 

 (2009) :
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. 
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, :

 3.18 : 1 .
, 2009)

’ 
. , 

 I-V ( )  P-V ( ). 

.

 1 ,
 I-V  ( .  3.19):

 3.19 : I-V & P-V 1
, 2009)
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.  3.20  3.21, 
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.

 I-V ( . 
3.20):

 3.20 : I-V
4 . ( , 2009)

 3.21 : P-V
4 . ( , 2009).
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. 
, 

.   I-V  
. ( , 2009)

:

  977W/m2 - 927W/m2, 
.

 50

 60 % 
 15,6% .

3.2.4. 

 (2009) :
 36 .

. 
.  (

), 
 930W/m2.

 3.22.: 1 .
, 2009).
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-V ( .  3.23):

 3.23 : I-V & P-V 1 .
, 2009)

             
 I-V .  3.24 

3.25  I-V  P-V 
, 

.

 3.24.: I-V
9 . ( , 2009)
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 3.25.: P-V
9 . ( , 2009)

,  
 0,5 . 

, 
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. 
 (4) 

 9 .

 97 %
 15,6% . ( ,

2009).
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3.2.5. 

 3.26, 3.27, 3.28, 3.29 
.

 3.26 : I-V  54 
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 3.27 : P-V  54 
.

-V  P-V, 
 195,3W. 

 50%  119,3W.
 100% 

 29,1W. ,  10W.
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3.2.6. 

, 
 hotspot.

 Bishop ( )
 14  2017 . H

 15 C 
 910Watt / m2  1:00 . 

 (MPP).

, 

. , 
. 

. (Gutiérrez
Galeano A. et al., 2018).

 3.30.

. 
 Idv

.  3.30  (G1, G2, G3)
. 

 Idv.

 G1    Idv0 : cell 2.10 2: 2 , 10:
10 = 0,2.  G2 dv1: cell 4.10 = 0,6. 

 G3 dv2: cell 6.10 = 0,8. 

 (divergence current) Idv, .

 3.30  :
 (G1, G2, G3). (Gutiérrez Galeano A. et al.,

2018)
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 3.31.
 (G2). 

 = 0,2.  = 0,2
 = 0,4.   

= 0,2  = 0,4. 

 Idv. , 

 I-V. 
 ( .  3.30). 

,  I-V
, 

, 
.

 3.31 :
 G2.  1: ,  2:

,  3: . (Gutiérrez Galeano A. et al., 2018).

 3.30 3.31
. , 

. ,
3.32  3.33

, .
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3.32
. ,  3.32  G3 6.9 =

5.10 = 0.28  Idv3 = 0,28IscTi  2A,  
 G2  4.10 =  0,7   Idv2 =  0,7  IscTi  5A. 

 G1 = 1,0 ,  Idv1 = 1,0 IscTi  7A.

( ) 
.

( )   I-V   P-V  
.

 3.32 :  I-V   P-V  
. (Gutiérrez Galeano A. et al., 2018).

 3.33
. 

. , 
 I-V  Idv.
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( ) 
.

( )   I-V   P-V  
.

 3.33 :  I-V  P-V 
. (Gutiérrez Galeano A. et al., 2018).

, ,  Gutiérrez Galeano . (2018) 

 I – V. :

 I-V , 
.

 I-V

.

.

’ , 
.

.
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3.2.7. 

 3.34  3.35  National Renewable
Energy Laboratory (NREL, 2009). 
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 60 cm x 60 cm  50 cm 

.  4" 
. 

35 . 
   3.34.

 3.34 :
 7  8.00 . (Deline, 2009).

. 

. , 
,  ,  

.  3.35 
’ ,  2 

 7:30 .
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 3.35 :  (Shade Impact Factor) 
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) . 

, 
.  15-50% 

,  2. 
 1.

.  (single-
string grid tied PV System), 
30 . 

, 
, 

. 
, 

, 

. 
 (Deline,

2009).
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 &  (2015), 

. 
.

)  2 

.

) 
.

 3.36:  (  & , 2015).

 3.37 : I-V
 & , 2015).
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 3.38 : .
 & , 2015).
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 & , 2015).
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,  ,  .  
.

, , blocking- bypass-
,  
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 4.1:  (blocking) 
. (Arefin et al., 2014)

-blocking . 

.  
 12,7Volt, 

 (
) . , 

.



69 86

 13,7V, ,
 13,7V. 

, 
,  (blocking) 

. 
.

, , . 

(Horizon, 2011).
  , 

.

 4.2.:  (blocking diodes) 
. (Baghzouz, 2018).

-bypass
 (panel).

, .  bypass  

. , 
 hotspot 
.
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 4.3 :
 (Photovoltaic systems, n.d.)
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.  –

- .  hotspot 

.
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) . (Arefin et al., 2014).
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 20% 
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 4.7: -bypass  (Joshi, 2020).
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 Schottky . 
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4.2. 

 4.8  :
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 12V (Arefin et al.,
2014).
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. , , 
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, 

.
: )

) 
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. , 
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.

.  60  72 
. 60 

 72 
. , 

 72 , 
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 20 ,
 (Bowden

et al., 2019).
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 350 nm  1200 nm. , 
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.
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.  
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.
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, , , ,

.

4.3.  (bypass)

, 
. , 

. , 
, 

.  Vrev

,  VOC

 ~ 0,6 V)  (VF) :

   (Pannebakker et al., 2017)
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 24 , 
, 

 -15 V . 
, 

. 
,  4.9. 

 ( ) 
 1/3. , 

.

 4.9.:
 20  (Pannebakker et al., 2017).

, 
 bypass, 

. 
6 – 9 .  Schottky, 

VF  (  ~  0,45  V   ~  0,35  V)   ~  4  W.  
,  150 °C 

. 
, 

. , 

, 
, . 

, .
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4.4.  (SIF)

,
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 ( ), 
, ) 

. ,  1990,

, . , 
, 

 (~ 2-10%). 

.  5000

 10% ,  ~
5%.

,  
, 

.  (SIF)
:

Pshade ,  Psys

, Asys Ashade

. 
 40  (  1   20  ),  

 40  (Pannebakker et
al., 2017).

4.4.1. 

, 
. , ,

. 
. , ,

 ( )  ,  
. 

. , -
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