
4.1 
  [PV Technology]     -

       (     
)      1 [pv cell].   
      ( / )  -

 . 

            
         [emf]-   
    .      

   Edmond Becquerel,    1839   -
            

       .     -
   /       1950,   

,         -
    ,     

 [doped semiconductors]      
      ’    .  -

1   cell        ,   ,   . 
’          cell  .     

    (         
 )       .   ,    

,   ,       .

4 
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120   

    Chapin et al. (1954)2      
    /      6%.   1958 /  

        
    Vanguard I.      -

          /  
      3,       

           
 ,     (      

  /      2007 (1.833 MWp)  2008 
(4.747 MWp)  159%4. 

    /       -
          /  

      ,   :

           
,           

 ( ,   . .) .     
          
    (     , 

Building Integrated PV  BIPV),     (  )  
 .   ,    -

 .           
 (20-30 ).

       [stand alone]  
   [grid connected].

2 D.M. Chapin, C.S. Fuller, G.L. Pearson, 1954, A New Silicon p-n Junction Photocell for Converting Solar 
Radiation into Electrical Power, Journal of Applied Physics, 25, . 676.
3   /     (single junction)      2004  
25%,    (modules)         20%   

 (R.W. Miles, K.M. Hynes, I. Forbes, 2005, Photovoltaic solar cells: An overview of state-of-the-
art cell development and environmental issues, Progress in Crystal Growth and Characterization of Materi-
als 51, 1-42).            /  

   .              
 ,     ,      /   (  

 . 143  ).
4 http://www.eurobserv-er.org (9th EurObserv’ER Report) (20/01/2011).
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121 4:   

        [modular]  
       mW   MW (   

      ).

       (  ,  
)      . 

   /         -
  /     :  ,  p-n, 

/  , /   ( )5, /  . 

5    panel  module          . 
’        .

2
0

0
0

1
,4
2
8

40,000

35,000

30,000

25,000

20,000

15,000

10,000

5,000

0
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0
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2
0

0
2

2
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3
6

2
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0
3

2
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1
8

2
0

0
4

3
,9
3
9

2
0

0
5

5
,3
6
1

2
0

0
6

6
,9
5
6

2
0

0
7

9
,5
5
0

2
0

0
8

1
5
,6
7
5

2
0

0
9

2
2
,8
7
8

2
0

1
0

lo
w

3
5
,3
2
0

2
0

1
0

h
ig

h
3
8
,5
8
4

CHINA

USA

REST OF WORLD

JAPAN

EU

2009

source: EPIA.

BELGIUM 4%

CZECH REPUBLIC 6%

FRANCE 3%

GERMANY 53%

GREECE 0.5%

ITALY 10%

PORTUGAL 0.5%

SPAIN 1%

REST OF EU 1%

JAPAN 7%

USA 7%

CHINA 2%

INDIA 0.5%

SOUTH KOREA 2%

CANADA 1%

AUSTRALIA 1%

REST OF WORLD 2%

 4.1      /    2009     
  /    2001-2009.   2010 high, 2010 low   

    .     ,  
    . 

( : European Photovoltaic Industry Association (EPIA)
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122   

   ( . ., -  Si-As  -  Si-In) 
        /  .   p-n (  

  /  )     .  
/     /        

  (     )     
    (     emf)  

      0,6 V.         
 , ’   /      -
          

      .  /   
          

kW,   /        
   MW.

        /  . 
           -

    .      
  p-n [p-n junction]   /  .    
   /   ( , - , ,  

).  ,    ,   /  
 [module] , ,  ,  , -

   ,   /   [systems]  /  
 [arrays].         

  ,    [inverters], 
 [batteries]    [charge controllers],  

[trackers],   [mounting systems] . .     
      [stand alone systems],  -

 [grid connected]    [hybrid] /  . 
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123 4:   

4.2  
 /        p-n ,  -

  ,        
     ,    p [positive]  

   n [negative].    ,   -
      ,   

 (85-90%  /        )6  -
             

7.          /  
  /         (   

   )  -     
[energy gap theory-model]         

    . 

4.2.1  ( )   
            

 (   )     ,   
     ( )   [levels]8. 

           
 9.         

 ( , . .,  )       
      (   )  
     [bands].      

 (        )  
 ( )        -

.           -

6 http://www.epia.org (Solar generation 6, Solar photovoltaic electricity empowering the world 2011)
(20/05/2011).
7         : 1)     

                  
2)          /   (Kaltschmitt et al, 2007, 

. 244).
8       Bohr        

   .           Bohr,   
             

       .
9    ,      Pauli. 
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124   

            
     ,       

 [energy gap]10.

Eg = Ef Ei

Ef :  [  nal]   

Ei :  [initial]   

           -
 (      ).    

      .   
      v [valence band],   -

       c [conductivity band]. 
            

    Eg [energy gap]       
.     Eg        

            -
 (  4.2).

          -
  ,         

    ( )  11.   
 ,          

           -
    .       -

   (      
  ,  ,   . .)      -

   (    )   . 

4.2.2 , , 
         -

    (  )     -
    ,   ,     .

10       ,       
           .

11                
     .
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125 4:   

    (   )    . 
            
     ,         

  .

           (   
)        (      
           

 )12.

 ( , . ., , ,  . .)      
          -

.  ,   ,     
 .      (     

 ,   ),     -
        (    

   )      13.

 4.2       .

12          (   )  -
   ,        ’    

( . ., ). 
13           /     

         (  )     
    . 
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126   

4.2.3     
  [pure]        
.             -

    [intrinsic conductivity].   (  
      /  )   

  [doping]        
,       [extrinsic con-

ductivity].

)   
          -

        (   -
        )    

     .     -
 (  ).   (  )   

             
 [hole]      . ,     
    ,     -
     [hole conduction].      

         , -
           -

      (    -
).           -

,        (  - ) 
 (        ). 

      (    -
  -     )  

         
    .      

’   ,          
           .

)      
 ( )         

   [doping]      -
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127 4:   

      14.    
           

     .     
          

       p-n     /  . 
        -

          
       .

  [Si]      .   -
   « »      

( . .,  [As]   [P])15,     
[impurities]           

 (  As  P).         
           ( -
      As      

    )        
          

  . ,    
     .      

           
  [conductivity band]  16.    

 -  [Si-As] (  -  [Si-P]  -
          

 n [negative],         ( -
   negative).

14              
  [impurities].

15   (         )    -
        [donors].

16         .
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128   

 4.3    -
 -  [Si-P]  n [negative]. 

( : commons.wikimedia.org)

     (    17)  -
     ( . .,  [B]   [Al])18   

 [impurities]        -
 .           -

           
.            

            
     .         

         
( . ., -  [Si-B]  -  [Si-Al])    

   (      p-conductivity). O 
  ( . ., -  [Si-B]  -  [Si-Al]) 
    p [positive],     -

   .

17               (  
   )     [intrinsic basic material].

18   (          Al)    -
        [acceptors].

04_ANANEOSIMES PHGES ENERGEIAS.indd   12804_ANANEOSIMES PHGES ENERGEIAS.indd   128 29/4/2013   3:29:07 29/4/2013   3:29:07 



129 4:   

 4.4     
-  [Si-Al]  p [positive]. 

( : commons.wikimedia.org)

4.2.4  p-n [p-n junction]
  p-n       -p  

-n.        :     -
   -n        

-p            
  .      -p   

      -n     -
      ’       -

   .      [diffusion]  
,           -

 p-n       (   ),   
   [depletion region-layer],   -

    .      -
   (   )     

,      -n (    ) 
    ,        ,  
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130   

        -p,     
     .    ( ) 
          

[diffusion potential]    [build-in potential].      
       ,     

   .19

 
 

 
[

 
]

 

 

 

  

 -p  -n

 

 

 4.5  p-n [p-n junction]. 
( : commons.wikimedia.org)

19            p-n     
   ,       .    

           p-n. 
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131 4:   

4.2.5   [photovoltaic effect]
   p-n      ( . .,  ),  

            
         

   - .     ( -
    )      -n, 

         ( -
).           -p, 

        ( ).   
    -n   ,   -
 -p   20.    ,   
    ,   ,    

        p-n    
(    ).        

,     ,    -
,   ,   (  emf)   

  p-n (       )21.     
      p-n     -

  ( ),    /  . 

       /  .   -
          

     ,     
      (    p-n), -

  .

           
      p-n22       

    .      -
         .  

            -
 (  ) Eg    1,14 eV (27ºC),    

   = 1,09 m = 1.090 nm23.       

20              
   -           

   p  n,      .
21       0,6 V   /  .
22              p-n.
23    Eg    .  ~200ºC  1,11 eV (  = 1,12 m).
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132   

              
     (      

/  )        : 

  = hf = hc/   1,14 eV24

,          -
     ,         

  .           
  25        
 26.         Eg,  
      ,  -

     ,     -
            

  .       (  )  
  Eg      ,    

         -
   -    ( )   

  /  .      
           

/             
     (      -

   p-n   /  ).

         ,   
    /  ,        

 [ef  ciency] .       /   
[panel]           /  

.        /    
  /   [arrays-systems].

24  h    Planck = 6,63 · 10-34Js  c       = 3 · 108m/s.
25      47%       ( )  -

  /     [singlejunction] (      
 ,  ,      /  , 

  35% (maximum)     (Twidell & Weir, 2006, . 199). 
26               /    

  .
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133 4:   

4.3   

4.3.1 
         p-n   

  /        . 
    (  )     -

  /      .    
       (         

 SiO2      )    -
         p-n. 

   :    
[Czochralski technique],    [  oat zone method, FZ], -

  [alloying technique] . .27 

     /     -
   4.6

 
/  

 
/  /  /  

 4.6     /    . 
( : European Photovoltaic Industry Association (EPIA)

27    . , 2004, . 162-165, Twidell & Weir, 2006 . 208-
210.
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134   

A      
 

  
 

  /  /  

/  

 4.7    /     -
    . 

( : European Photovoltaic Industry Association)

          ( -
   )     p-n   -

           /  
- .   /      4.828.

28             /  
           ’    .  

    /        .
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135 4:   

 « »

 

 - p

 p-n

 -n,

 

 

 

 4.8      . 
( : European Photovoltaic Industry Association)

   (        -
)    -n,       -

-p.         p-n.    
 /        .   

           -
 -  .         -

  /     /   [emf]      
   /  .    (  ) 

    /  ,      
   I (  /    ).
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136   

4.3.2    /  
  /   , ,      

    .       
      4.9.

 4.9    /  .

    : 

  Iph      /     
            -

 .

  ID          
Shockley:

 ID = I0 (
0

1
e V
kTe )  (4.1)

           : 

 I = Iph - ID (4.2)

 I = Iph - I0 (
0

1
e V
kTe )

0:     [saturation current]   (A)
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137 4:   

Iph:          /   (A)

V:      /   (V)

e0:       (1,602 · 10-19 Cb)

k:    Boltzmann (1,3806 J/K)

T:     ( ).

      ,   D   -
   /  . ,   /    ,  

  , ,  ,      
.      Rs [Series Resistance]  

        (       
 ),         -

29.      Rsh  Rp [Shunt Resistance] 
         (  p-n)30.

4.3.3    I-V  /   
 

        I     
/        V     .  
       I-V   
/  31     .

29    Rs         /  . -
    Rs    /    0,1  0,3  ( , 2004, . 174).

30    Rsh     /      k  (Kaltschmitt et al, 2007, . 240, 
, 2004, . 173).      (k )  Rsh     

I-V  /  .         500 ,      
 (  ),     (       I-V  

/      -      ).  -
       Rsh .         
    Rsh        Pm  /      

  FF (     Pm  FF  /  -    . 
138-139). 
31        G     -

 .
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138   

 ( )
 (W)

 (V)

 (A)

 4.10   I-V    /  .

      ,      
   (Isc),    (    )  -

       (        
  [maximum power point  mpp]) (Vmp, Imp)     

              Voc,  
  .

        [short-circuit 
current] Isc               

    (     ID = 0       
Iph,   Isc = Iph (   4.2).      -

    [open circuit voltage] Voc      
      /      Iph    

    ID.      = 0      
  Voc.           /    

   ( ,  ,   ).

        /   (    -
 )      V    I  , 
: 
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139 4:   

 P = V · I (4.3)

,       I-V    -
             (   -
 V · I)       Pm [maximum power].   -
    /       

  [MPP Maximum Power Point],    V  I    Pm 
    (Vm  Vmp)     (Im  Imp) 

32.           -
  /              

  4.10.

       Isc Voc, Im, Vm  /  -
        FF [Fill Factor] 

  :

 

m m

oc sc

V I
FF

V I  
(4.4)

        Pm    -
 /   (       -
),            -
   /            
 .        /  , 

  33    (    0,7) 
   /     .

4.3.4     I-V    
     /  

   I-V  /       -
:       G    
          34.    

      G      Isc,   Voc 
,   ,      ( ) ( . 

 4.11).         Pm  
  /    . 

32     Vm  Im      Pm.

33          0  1. 
34           /    ’ .
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140   

 (
)

 (V)

  250C

 4.11    I-V 
      .

     /   ( )    
 Isc35,       Voc ( .  4.12).    

      Pm    / . 

  : AM 1.5, 1kW/m2  

 (
)

 (V)

 4.12    I-V     /  .

35            4.12.
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141 4:   

,        Pm      
/  ,       ,    

   . 

4.3.5  /    
  [ef  ciency]  /         -

     (  )   
      /  .

    /   (n)       
           

-  .

 

( )m m sc oc

in in

I V FF I V
n

P P  
(4.5)

Pin     :       /  

Im Vm :    

         .

   /         -
   36.      /   

      18%,    -
    20%.   4.1    -
 /          .  

   .

36           /  -
.               /    

            
(   /  ).         ,   . 

  ,         /  
     ,         

(     /         -
  ).   /          

  ( )          
  ( , . .,  ).     ,    
 ,       .     /  -

            /    
           .  

, ,        (   
  . Sarah Kurtz, 2012, Opportunities and Challenges for Development of a Mature Concentrating 

Photovoltaic Power Industry (Revised August 2012), Technical Report NREL).
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142   

 4.1    /    . 
( : Markvart et al, 2003)

 
(%)

sc

(mA/cm2)
Voc

(V)
FF
(%)

    (c-Si) 
[Crystalline: single junction (c-Si)]

24,7 42,2 0,706 82,8

GaAs 25,1 28,2 1,022 87,1

InP 21,9 29,3 0,878 85,4

    
GaInP/GaAs/Ge tandem  
[Crystalline: multi junction GaInP/GaAs/Ge 
tandem] 31,0 14,11 2,548 86,2

/       
[Thin-  lm: single junction]

GdTe 16,5 25,9 0,845 75,5

CIGS 18,9 34,8 0,696 78,0

/       
[Thin-  lm: single junction]

a-Si/a-SiGe tandem 13,5 7,72 2,375 74,4

   TiO2 

[Photoelectrochemical Dye-sensitised TiO2] 11,0 19,4 0,795 71,0

   /      .  -
            /  

,     ( )     
 /   (       ). -

     .       
         

     /  ,     37 
         .

37              -
.  /     [single junction],   /        

         40,7% (Luque et al, 2003, . 148).
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143 4:   

        /     
,          

 2  38.        -
  /  39.      ,   

   40      -
           -

 41.          
    .      

       Eg    
42.       /       

           
      Eg.       -

      43     
  /  . 

          
/        (    p-n)    

  /   (     )44. 
    -      p-n 

   ’         
      .

          
          /   
    /  .        -

           

38      ,     , ,    
    ,          -

.
39              /  .  

      .
40        ~30%   ~3%   /    ( -

, 2004, . 182-183). 
41 Kaltschmitt et al, 2007, . 242. 
42       Eg         -

      (Kaltschmitt et al, 2007, . 241-242).  
         /  ,    /   
         -        

   . 
43        .
44 , 2004, . 183-184.
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144   

     /  ,      
/  -     50%45.      

 (   , ,    
  . .),       /    -

   14-25%. 

          /   
      ,    -
      .       

     [Standard Test Conditions  STC]  -
  /  .       

       /  ,    
 ,    :

   [Standard Test Conditions  STC]

   : 1.000 W/m2 = 1 kW/m2

   : 1,546

  /  : 25ºC ± 2ºC

)       
   ,         -

   /        Eg  -
        /  47.  -

       Eg. , 
      /        

 48. 

)           

   /          
 .         200 W/m2 

   /          -
. 

45 , 2004, . 186-187  Kaltschmitt et al, 2007, . 241-244.
46   2, . 12-13.
47     /  , /  , /         

.
48         -     

 p-n.
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145 4:   

       /    -
 /       ,   
     (      )  

    49.      -
 ,   .    /     

 50.      -  -
 ( . .,       -

   ,   )  -
     ( . .,      [trackers]51, 

       ,     
    . .)        

    52.

)         /  
   /        -

            
        .   
       Isc,   -
     Voc.      

          /    -
     /  .

)        /  
   /       -

           
 .      :

49                1.000 W/m2 = 1 kW/
m2 (        /  ).        

 [one sun].           
     (    ).

50   /            20    
        (    ).  /  
 GaAs      .       -

  /      ~40%      
 10  (Noun, B., 2007, Solar Power, Renewable Energy 2007/2008, WREN, . 62, 63).

51          /        
   .

52   . Kalogirou, 2009, . 511-512  Kaltschmitt et al, 2007, . 245.
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146   

          /  -
           -
        .

          
/   (     p-n)      

   /  .

        (  
 )       -

    /  .

         /   
        /  .

  /    ( - )53   
            

        /       
56%.       22-30% (     14-
22%)       54.

4.3.6  /  
’  ,    ,  /      

    /  ,   
    /         

       .     -
            

/        55.    
    /        

,       ’     .   
     /      

  :

53     ~14-22%
54 , 2004, . 187.
55       (   ) /       

  .   (         
   )    /       ( -

   )          . 
  . Kalogirou, 2009, . 511-512  Kaltschmitt et al, 2007, . 247-249.
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147 4:   

)          

)     

)    

)        .

          /  
           

      .       
       .   

  ,        -
      /      

 56.

)   /       
   /         -
57.

  /     [single-crystal Silicon]

       -
     1950     (   

)         -
 / .    58, ’      /  

        (   
     /      

 ).       [wafer]59   -
 (~300 m).        ~20-24%,  

   ~14-18%60.    /     
 .

56            (journals)  
     .

57        /    . Miles R., Hynes K., Forbes I., 
2005, Photovoltaic solar cells: An overview of state-of-the-art cell development and environmental issues, 
Progress in Crystal Growth and Characterization of Materials Volume 51, Issues 1–3, . 1–42.
58    .
59         (      )  

         /  .
60 . , 2004, . 166  Kaltschmitt et al, 2007, . 244.
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148   

   /     
[Polycrystalline or Multicrystalline Silicon mc-Si]

   /        , 
           -

       /  .  -
    ,        
        - . 

’ ,            
            

     61.      -
  ~17-20%,     ~10-14%62.    /  

   .

  /     [Amorphous Silicon, a-Si]

  ,      /  , -
    ( )         

 (        ),    -
     . ,       

    - ,     
  /  63.  ,         

   ,    (  )   
      /     [thin-

 lms solar cells]          (  
  -         

. .).      /     
     /   ( . ., Tandem)  

         
            -

     .  , /   
   ,    a-SiGe(Eg ~1,4eV),a-SiC(Eg = 

1,85eV)    ~13%64.    -
         65.

61  2004   50%     (Twidell & Weir, 2006, . 211).
62 . , 2004, . 166  Kaltschmitt et al, 2007, . 244.
63               

  .
64 , 2004, . 166.
65 Twidell & Weir, 2006, . 211.
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149 4:   

   /     , , ,  
[thin  lm Cu(InGa)Se2 [CIGS]

           
           -
           

       20%  66 (   
 /          

   ~12%)67.

  /     -  [thin  lmCdTe]

           -
   Eg 1,5 eV          

     1.  /    
         16%. 

   /   (     )   
         ’ ,  

   68 (       )  -
  .     : 

          
  - .

)   /        
          /   

  /     [homojunctions]   /   -
 [heterojunctions].        p-n. 

  /     [homojunctions]

’   /            
    p-n        -

  . ,         

66   /               
(Ga)   ( ) CIS.    (   ~16%).   

            . 
67 Twidell & Weir, 2006, . 202  215.
68     CdTe   [direct]  (      [indirect]), 

   CdTe          
 .      –   . Kaltschmitt et al, 2007, . 

234.
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150   

   p-n.   /     /    
  .

  /    [heterojunctions]

’   /           
  p-n         -

 ( )    p-n.       
 ( )        (  

     ). ,    
 (   )   ( )   -

      69.      
   ( )    /   

       .   
/         (  /  

 Cd/CdTe  Ga1-xAlxAs/GaAs),      -
     70. 

)   /        
        /     /  

   [thin  lms],  /    [stacked cells] 
  /     [vertical multijunction cells-VMI].

  /     [thin  lms]

   /     ( . ., /   
).       /     

    (  /      -
   )   ,  CdTe, CuInSe2(CIS) 

. .71          (   
      ),    

   (        

69      /     /      
,            
 .

70 Twidell & Weir, 2006, . 216,     /      
~35%       (   10 ).   -

  . Miles et al, 2005, . 15-20.  http://sharp-solar.com/solutions/index.html 
(10/12/2010)      Tandem.
71  /        .
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151 4:   

)         -
   (        ).

  /    [stacked cells]

 /       .     
 p-n     (  )   -

   (          
    ( )   ).

   /     [vertical multijunction cells  VMI]

 /        p-n 
     . 

)    /         
     

  /      

   /         -
    (   )   -

     .   ( ) 
      /  .   -

            -
     /  .      

   [trackers].      
             

  .       -
           

   .         
           -

    .

    [thermophotovoltaic TPV)72 

  /           
         -
    .       

   /        -

72      . Miles et al, 2005, . 20-21.
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152   

       .   ( -
     )     (  

      ).     
 /            -

             
 (    ),    .  

        ~40%73.   
 ( )       -

    « »   74.

       /   
[organic or dye sensitive cells]

      /       
          

   ,        
[ . ., dye sensitive cells]75. 

  - /   [nano-pv cells]

  /    .  ’   -
, /         , 

    /     [thin  lm].  - /  
          

    /  .      -
/           [printable] 

      - .    /  
          

     /  76.

73 Twidell & Weir, 2006, . 219.
74   . Twidell & Weir, 2006, . 219  Kalogirou, 2009, . 487.
75   . Twidell & Weir, 2006, . 219-220, Miles et al, 2005, . 25-26, , 
2004, . 168-170.
76   . Kalogirou, 2009, . 487.
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153 4:   

4.4  

4.4.1 
        /      (~0,6V), 

     . ’   /    -
    /  77       /  

.

 4.1  /    . 
( : U.S Department of Energy)

  /          
    ,      

,   .     /    
     ( - ),      

77       module  panel.        . 
        -       /  

        ( )  .
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154   

   .     (    
/    ),        

    [edge sealing measures].    
    -     ,   
         ( , , 
,  78)    20-30  (   

)      .      
         .

    /    ,    
[nominal power]           

   W      W ( . ., 300 W). -
  /    36 /     100 cm2   

50-75 W79.

4.4.2      /  
   ,  /      /  -
       .    /  

            -
   ,            

.      /      Wp  
~150 Wp.          

 (  )     20 V,     -
      12 V  ( )   

       (   /  
   [off-grid]).       

 [in-grid systems]      80.

    /     /   -
    ,         

          
(        )    -

        81. 

78        -400C  +800C.
79 Kaltschmitt et al, 2007, . 258-259.
80  ,   /      115 W     

 Voc = 58.6V, Vm = 44.5, Isc = 3.26A, Im = 2.59A.
81      . Kaltschmitt et al, 2007, . 259-260.
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155 4:   

    I-V  P-V  /    
       /  ,      -
         82.

    /     (3)  /    
    (4)   /      -

.

 4.13        
   . 

  :

   /            
   ,            -

    ’   83. ,   V   
   :

 V  = 3 · V (4.6)

82  ,  /        /    .
83       (R)   .
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156   

     :

  =  (4.7)

 

  :       /  

V :        /  . 

  (4)  /      , 
          

 V  = V  (4.8)

             -
84, 

  = 4 ·  = 4 ·  (4.9)

    ,  V   P   /   
        /  . 

4.4.3 -   /  
 ( )   (   -ef  ciency)85  /  -

          /  , :

 nmodule: Pm/G · A (4.10)

Pm :        .

G  :            
 .

A  :    .

    /     (    /  ) 
     ,       -

        /    . 
    /     ’    

/         (3)  : 

84       (R)  .
85    (   )        

  (<1),              
( . .,    n = 0,15    15%.
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157 4:   

          /  
 (    packing factor)86

      /    
  

         -
  

      /     /   
        (     
  ).  ,  /    

     12-14%   /    14-18%. 
     /         

     ,      
     [STC],     

          /  
.      ,      

       (  )87. 

           n 
 /           
 nSTC   ,        

     STC.

  88  : 

 n = nSTC · n1 · n2 · n3 · n4 · ..... (4.11)

   n        
, . .,  n1        -

            
          

       /  .    
ni     ,     -

86        (   /  )/(  /  
)    ( )   . 

87        25     /     
        (Pm)       20% ( , 

2004, . 204).
88            -

               .
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158   

    25ºC (    STC),      
     1.000 W/m2 (  STC),     

 (    . .)89 . .

4.4.4    -     
 /  

             
    -  [components]. 

             
     [grid independent system]90 

       [grid connected system]91. 

/  

 
 -

 
 

 
 

 ( )

 

DCAC

 4.14    /     .  
( : commons.wikimedia.org)

89   . , 2004, . 204-209.
90   (Kaltschmitt et al, 2007)      /    -

 [grid connected]  /       [grid-independent],    
   off-grid  stand-alone. 

91           /     
 .
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159 4:   

   [off-grid system]    /      
      (  -

      [charge controllers]).  
      /   [mounting 

system]          -
  [tracker].     [inverter]   
    (    /  )  -

          -
  ( . .,     ).

   [grid connected system]     -
         [compo-

nents].

)       ( )
         -
  /     .     
         (  

),           
  /          

( . .,       ).

 -
 

 

 4.15       
(   )  . 
( : commons.wikimedia.org)
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160   

    92        
 /           

    93.       
  ,     20-40%   -

            
94.

  (  )    ( . ., -
- , – ,  . .).    -

          
  .  ,     (  , 

  . .)   - , -
– ,  . .        

    (  kW)   -
 95. 

  96       
/  ,         -

,           97,  
    .

           -
  (    )     

   (   ),     -
   .        

 (   )       
 (   -emf)98.

92  5-7             . 
93       25-30 .
94            /  .
95              -

 (20-30 Wh/kg),           (    ). 
,              -

 ( . .,      ).       
      ,    /  . 

96          .   ( -
   )        

( -  ).
97 Deep discharging           

 (       )    .
98          . Kaltschmitt et al, 2007, . 272-276 

 , 2004, . 235-239.
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161 4:   

         
 -emf,     [nominal Capacity C  qmax),  

  [ef  ciency],    [State Of Charge-SOC],  -
   [discharge regime]      -

.            -
 .

  -emf.        -
       .   V  

          
 12 V.

  [nominal Capacity C  qmax].    
        (   -

 )    ,    
   .       

    (Ah).

  [efficiency].          
          -

            
  .

   [State Of Charge-SOC].    -
          
            

        , 
 SOC = q/qmax.    SOC    0   1.  SOC 

= 1     ,   SOC = 0  -
   .

    [discharge regime].     
   (h)       

            
 (       ).  , 

   300 Ah     
6   «   » 50  (h) (300 Ah = 50 h · 6 ).

   .     99 
( . ., 4.000  )         

    . ,   -
         -

99           .
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162   

     .     
           

    ,     -
100,    - 101     

     [overcharging]   
[overdischarging]102  .

  [CHARGE CONTROLLER]

       /     
             

  .         
  ,    

              
        ,   -

-           -
  /  .

)         /   
[mounting system]

   /          
           . 
           -

100   -            
    .   (     )  
    .            
   60-80%.

101   -           -
     .    (   )        
             «  ». 
              

   [charge controllers]. 
102             [overcharging],   

        [overdischarging].     
   ,      .    

     .
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163 4:   

   103 (   104)   -
 105           

  106.   /      , 
        [tracking Systems  

trackers]           
         ,     -

              
   .        107 

  .   /        -
-        , -

   /       .  
  /        

           
 .      (     

       /  108)   
         (  

 - ,      -
     109,     

           
 )         .  

 (2013)       /   .

103    300         /   
(   5%     ). 
104                « -

»            .
105               

                 -
     . 

106                  
         ’     .    

     ,     ~15º, ,    -
     ,     ~15º.

107 ,    .
108   [trackers]   Maximum Power Point Trackers (     

)   /  ,          -
       ( )      

          /         
( ),      .
109      0,03-3%        /   
(Kaltschmitt et al, 2007, . 271).
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164   

 4.2      . 
( : commons.wikimedia.org)

)  A   [inverter]
 /   (         -

)        DC (     
 ).         (  
,   . .).      -

      110 (    -
  ).         -
     [inverter]     
    /      (   -
).   /        [grid-connected]  

110         220-230 V (AC)    50 Hz (   
,   , 120 V (AC)  60 Hz ).

04_ANANEOSIMES PHGES ENERGEIAS.indd   16404_ANANEOSIMES PHGES ENERGEIAS.indd   164 29/4/2013   3:29:12 29/4/2013   3:29:12 



165 4:   

        ( , 
 , )        .   

/        ( -  
 ),           -

         . 

            
.        ~100 W  -

  kW.

           
       Pin   -

    ’    Pout    
    .       -
          

ninv
111        : 

 ninv = Pout/ Pin = VacIac cos( )/ VdcIdc (4.12)

 

Vac, Iac :        

Vdc, Idc :        

cos( ) :   

  ,         
     ,      

.        
          

   .         
  [rectangular],  [trapezoid]   [sine] 

         112. 

111         90%.
112        Kaltschmitt et al, 2007, . 260-269, Luque et al, 
2003, . 881-900, Markvart et al, 2003, . 566-575, , 2004, . 254-260.
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166   

4.5    [PV System]  
  [PV Array]

 /            ( -
        )  

/   [array].     /       
  ,        -

      .   /     
    50 W - 2 kW. 

      /     
 ,    /   [PV  eld]   [PV Park]. 

 4.3    Hausen ( ). 
( : commons.wikimedia.org)
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167 4:   

 4.4    Orange County Convention Center  , -
 ( ). 

( : U.S Department of Energy)

 (2013)  /       MW.    /  
          

        ( . ., , 
 . .),        ,  

  /   [PV station]. 

/B /B /B 

 4.16  ,   .
                                           ( : commons.wikimedia.org)
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168   

4.5.1  /  
 /       ,   
  - .      

             -
     /       

 113 [grid-independent systems]      
[Grid-connected systems].            

        ( , 
 ,   ,  , -

   . .)        
   .    /       

            -
      .

)        
[grid-independent systems]

    /  114     -
  (  ,   . .),   -
  (   . .),      

   115      
 (  ,  ,     
, ,     . .).

            -
       /    -

  [direct coupled]   [autonomous] /  .

 /      

  /         -
    ( ),  ,  -

 . .116.  ’         /  

113        ( ,    )    
 .

114           /   ( , , -
).

115     .
116            /  

      .
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169 4:   

,  /         
    ,   . ’     -

    /       -
         ’  
         . 

  /   

   /   [autonomous pv-systems]   
      (   

 ).   4.17       -
.

  
DC

 
(inverter)

AC

 4.17     .

         
.        /     

     [loads]   [DC] 
( . .,         , 

 ,  . .)        
   .       -
           

 AC (           
     )117.

117          /       [DC] -
(   )      /     

 .

04_ANANEOSIMES PHGES ENERGEIAS.indd   16904_ANANEOSIMES PHGES ENERGEIAS.indd   169 29/4/2013   3:29:14 29/4/2013   3:29:14 



170   

 /           
        ( . ., -

     ,  -
 ( -  . .),     , -

      , . .). 

’     /       (  
 )       [DC Load] 

   (    )  . ,   
     /      

    118,        -
      .     

    /    119    
  .      /  

 (  ~50 W)         
  ,        

( . ., 3     )120. 

       /  .  -
         /   
       ( . ., -

)121,       (diesel,  
 . .).         

            
122             

123.

118       ,     . 
119 Solar Home System.
120   . Luque et al, 2003, . 758-759  Kaltschmitt et al, 2007, . 281-282.
121      ,      -

         [fuel-cells].
122 ,     . 1,        ,  

               
 . 

123    ( )         -
    .      , ,   

   80-90%          .  10-20%    
            (    
      , . .,  ,  . .)      

,            .
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171 4:   

/  

  -
 

 
( AC)   

 (DC)

  

-

 4.18   .
( : commons.wikimedia.org)

  4.18         
  /  , ,   -

         
(diesel,   . .)124.      ,  -

     (         
            

124              -
   ( . .,  )           

     .          
   ( . .,     )      

   /       (        ) 
  ,  (  )        

         ,      (  -
)         .     
              

(  -    . .)          
 ( . . 6)       .     

         ( . . 3).
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172   

 ,  /       ), 
         ,    

 .        
         -

          
           

          (     
         ).

)      [grid-connected systems]
            

   .         
   4.19. 

 [inverter]

AC

[distributor]

  

 4.19       
 .

          :  /  -
            -
 [inverter]    -  [distributor]125   
     (     ) 
 (  )   .       
    /          

125            ( )  
          .

04_ANANEOSIMES PHGES ENERGEIAS.indd   17204_ANANEOSIMES PHGES ENERGEIAS.indd   172 29/4/2013   3:29:14 29/4/2013   3:29:14 



173 4:   

(      ),        
    .

            /  -
   3  :   (  -
)  [distributed or decentralized systems],    

[centralised systems]      (  - )  
[quasi centralized systems].

   (  )  [distributed  decen-
tralized systems]      (   -

 kW)   : /   (    -
    )   [Inverter DC-AC]   

           
         (220 V   

   110 V      ). 

    /        
           

[grid back-up systems]        -
    [grid interactive].    /    

         -
   (   )   126   

           
   /  127.   /    

 /         -
   (   )128    /    

           
  ,         

/  ,       ,  
         -

  .         

126      /   ’     -
   .

127  ’            
( )            . 
128            

         (kWh)       
 (    )  /         /  .
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174   

   /      -
 .

    [centralised systems]    
,     kWp   MWp   -

   /  .  /     -
          

  .         (  
 )        

  .         
   [inverters]     . 

 T    (  - )  [quasi centralized 
systems]        .   

         
  .     (  

  kW)   (     kW),   
         ( ) 

           -
  .        /   

        ( )  
        

          
         

(     )       
    (   )  -

         . 
             

,          
   .

)   /      
[Buildings Integrated PhotoVoltaics, BIPV]

 /      ( )    -
 /        129.  /  

129      ,         -
.             /   

             
  .
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175 4:   

          -
            -

  .         
      (     

/     ).        -
 :

      (    
     )

     (  , 
, ,    . .).

 4.20        .
( : ReSEL)

         
         ,   

, ,  . .130.

130      (BIPV) . Tsoutsos et al, 2008  Kalogirou, 2009, . 495.
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176   

 4.5   2,54 kW       
( ).
( : US Department of Energy)

4.5.2      /    
  

           /  -
 ( )  ,        

      /     -
         [STC] (  

11-14%   /   )    131 (10-12%). 

131    /     ,       -
             /   (  
    (STC). ,          /  -
         ,      

  [annual ef  ciency].      ,   
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177 4:   

         
    /        

         4.21.

 4.21        .

       /     
         /  -

       20% (   /   )   
   /  .       [DC]  

          
[AC]        (      

/  ).          
/  ,          

  (    )132. ,    -
       /     ~11-14% 

[STC]133          -

             .    
      /      ,      

    /  .          
 STC.

132       /      ,    
     (         

     ).
133 10-12%    (  ).
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178   

134.           
      /  .

 4.22           
 .

     (~84%)     -
           

 /  ,      (~3-5%)    
 [components]  /   ( . ., ,  . .).

134      (       18%)  (   
  )           -

     .      /    
        (        

   )  40,7%  /   ( )      
 6.000    /   300  (Shockley W., Queisser H.,1961, J. Phys. 32, . 

510-519).     /    -   -
 (    )        ~40% (Noun. B., 2007, 

Solar Power, Renewable Energy 2007/2008, WREN, . 62, 63).        
   /   . Luque et al, 2003, . 113-151  Markvart et al, 2003, . 123-134.  
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