
5.1 
  ( / ) [wind turbines]      

       [Wind Energy Conversion 
Systems  WECS]1.     /      19    

  .         -
        ’   2. 

     

           
 ,        .   
         ( . ., -

   )      .  
         -

  (17   . .)       
    ,       -

1          (WECS)     
   ( / ).  WECS        -

    (     )       , 
   (   )        .  -

   (wind electric generator)        
     19   (~1890)         

.
2 http://www.wwindea.org/home/index.php (10/11/2010).

5 
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180   

    4   . .3       
  (  )       

    200 . .4.         
        .    

      [windwheel]     -
5.  13         

     (   ).     
  ,     . 

        ,    
  .          

  .       
         1700.  (  ) 

         
  (water pump, wind mill)     

       .    
         

1850   19306.      /     
     19  .     /   

     .    
    /     7.   1925 

       .   
/           

  1931.       /  (   
Darrieus turbine   Savonius rotor . .),     -

  .     1973     
         

      ,  /    
        

 .

3  Ackermann, 2012,          
       7   . .

4 Sathyajith M., 2006, . 2  Ahmad Y Hassan, Donald Routledge Hill, 1986. Islamic Technology: An il-
lustrated history, . 54. Cambridge University Press. ISBN 0-521-42239-6.
5 A.G. Drachmann, 1961, Heron's Windmill, Centaurus, 7, . 145–151  Dietrich Lohrmann, 1995, Von 
der östlichen zur westlichen Windmühle, Archiv für Kulturgeschichte, Vol. 77, Issue 1, . 1–30 (10f.).
6 Sathyajith M., 2006, . 4.
7       Sathyajith M., 2006, . 4.
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181 5:     

 2009         159.313 
MW8,       (390 TWh  2009) -

        (7    
 )     2%    9. 

          
        (20%),   

(15%),   (14%)    (9%)10.

    
(       )

 
 (G

W
)

 5.1        (  GW)    -
      [Global Wind Energy Council / GWEC).

( : commons.wikimedia.org)

8 World Wind Energy Association, World Wind Energy Report 2009, http://www.wwindea.org/home/index.
php (18/10/2010).
9    World Wind Energy Association   2009 (World Wind Energy Report 2009)  -

             .  
   2009             

(35.159 MW  22,1%     )      
(26.010 MW  16,3%)    (25.777 MW  16,2%).        -

          (2009)   -
  .           (2009)   -

     40,4%      (28,4%)    (27,3%).
10 World Wind Energy Association, World Wind Energy Report 2009, . 9. 
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182   

  ( U-27)11  2009       -
  821.006 MW      (74.767 MW) 

          9.1%12.   15 
           

 23%13.            
(25.777 MW  34%     ),    

 (19.149 MW  26%)    (4.850 MW  6%)    (4.492 MW 
 6%).      1087 MW   1,5%   -

    U-27.  2009     
(1.087 MW)      11%    

   .14

   ( W)
KATANOMH T    

 (74.767 MW)     
 (2009)

 5.2       ( U-27)      
     2009 [European Wind Energy Association /EWEA].

( : EWEA)

11  27   .
12 EWEA  European Wind Energy Association, Pure Power –Wind Energy targets for 2020 and 2030, http://
www.ewea.org/fileadmin/ewea_documents/documents/statistics/100401_General_Stats_2009.pdf, 
(18/10/2010). 
13 EWEA  European Wind Energy Association.
14         EWEA (European Wind Energy Association)   2011 
http://www.ewea.org/  leadmin/ewea_documents/documents/publications/reports/EWEA_Annual_Re-
port_2011.pdf.

05_ANANEOSIMES PHGES ENERGEIAS.indd   18205_ANANEOSIMES PHGES ENERGEIAS.indd   182 29/4/2013   3:31:00 29/4/2013   3:31:00 



183 5:     

H    /         
     ,      -

 ,     ,    1980  . 
   :

     (   )    -
. 

   /       . 

   /       -
   /        

 .

    /   ,     -
   ( , . .,    -

).

      /    
(       ).

   15       /  
    (5.2  , 5.3  ).  5.2 

           
 .           

            / . 
          

  / .  5.3         
   / ,   ,      
  . 

15              -
             . 

    ,   (   )       
  ,   ,        . 
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184   

5.2  
  [wind turbine]        -

          -
       .    

          .

5.2.1         
            .  
       .  

       -
         ,    

  . ,    -
           

        ,  
         ,  

        (     
)     Coriolis.       

  .        -
   (      ) -
      (      

,        ,    
 . .).

        . ’  -
           -

     16. 

 
  

  
(    

   
) 

 
 

 
 

16             -
     , , . ., Boyle et al, 2004, . 245-247, Manwell 

et al, 2002, . 22-37.
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185 5:     

         (   -
)             

(  )         
  (  )  ,       

   .  (    )  -
        .    

          , 
,  ,          

 .           
      . ,       , 
        (   ) 

     17.       , 
         18.

5.2.2       
    

  ,         
    (     0-100 m   

   ,         -
      / ).     

           
            -

:

          

       19

      20.

17       . 
18  .
19              

               .   
              (    

      )          
       (        ).

20   . Sathyajith M., 2006, . 51.
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186   

)          /  
 

             
      ( ),        

   ( ,  . .). ,     -
    [roughness]  .     

            (  -
     ).     

(  5.3)         v  
    h (    )    .  
           ’  

 [roughness]  .

 5.3         ’  .

           
    21 :22 

 v(Z) = vr (z/zr)a

21        ,  , . ., . 
Sathyajith M., 2006  , 1999.
22 Ackermann, 2012.
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187 5:     

 
v(Z) :       z23

vr  :        zr

a :     

       , ,  
    ,       

   0 (    )  2 (    ). 
    a  0,025-0,1      -

- , 0,2-0,3      . .24.    
 a             
    .

)   [turbulence]
            

 -      ( ,  . .). 
    .      

           
/ . ,     /       

            
 25. 

)       
         (   -

   ),        
.            -

 ,       ,   
         .    

        ,   
   .          

      / ,     -
   .

23           /    z    
       /  (        )  

zr               (  10 m).
24  . Sathyajith M., 2006  , 1999.
25   . Sathyajith M., 2006, Manwell J.F. et al, 2002, Burton T. et al, 2001, , 1999.
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188   

5.2.3     /   
 

     ,  (   )   
      (   )    
   (    )     

      / 26.     
     (      ) -

 .         
   (in situ),         

  .         
   (   )  .  

  27 (cup anemometer, propeller anemometer, pressure 
plate anemometer . .)         

.          /    
         .  

    .       
   (  10 m)       (  

   )      
      28.   -

             
             

 10%29. 

           
  (       [standard deviation])   

  (   10 min)     -
  ,    . 

26             (P  = ½   v3). , 
            .

27   . Sathyajith M., 2006, . 55-61, Manwell J.F. et al, 2002, . 68-78.
28     ,    ( , . .,    , 

  . .)          « -
»   / .     (      -
,      )       -

 ( . Ackermann, 2012).
29 Sathyajith M., 2006, . 63.
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189 5:     

           -
      [  tting]   -
 [statistical distribution].       

    Weibull    Rayleigh30.   
      [row data]   

      ,      
            

      / .

  (m/s)

M
W

h

 5.4      ( )      
( )    2002      Ranch Lee ( , 

).     ,       Raleigh  
     .        15,4 GWh. 

( : commons.wikimedia.org)

30   . Sathyajith M., 2006, . 68-80.
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190   

5.2.4     /  ( ) 
  /

        , 
            /  

          
   (    [generator])   .

 

 
 

 
(  

) 

 
 

 
/  

 
 

   m (     V),      v 
 /    31,     5.5. 

 5.5   m     v   / .

31          / .
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191 5:     

           :

 K = ½ mv2
 (  Ek = ½ mv2

 )32
 

     : 

 m =  V 

 

 =    

V  =     m.

     :

 K = ½  V v2
 

  

 V = A · dx 

 dx =       m    dt. 

       P  (    )   
m (      ):

dK/dt = ½  A dx/dt v2
 

P  = ½   v v2
 

P  = ½   v3
  (5.1)

           -
    (  )     ,    

 ( )  /       (      
,      ). 

32          Ek,    -
  .              

               
(              a,    

     ).            
 /  -  /  ,       . 

       (         
   ),           

          (  )  .
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192   

 5.6         
      . 

   ,   ,  ,    -
            33. 

           
 / .       ,       -
 vi    / ,         

(vf = 0).    ,      . 
             

   vf  0. ,   ,     
     /     (     

   )        -
       , : 

  = Ki – Kf = ½ m vi
2 – ½ m vf

2 34

33                -
 ( , )    . ,         

      .
34    i, f   initial =    nal = .
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193 5:     

     Pmech(max)       
/    (   )      -

, : 

 Pmech(max) = d ( )/dt.

     Pmech    /  (   -
    )     Pmech(max)  

  ( . .,        
/       ).       /  

           -
  ( )  /  cp        35 
 Pmech  /      P . 

cp = Pmech / P .    (5.1)

cp = 2Pmech /   v3  

          /      
         -

      :

Pmech = cp P

Pmech = cp ½   v3
 (5.2)

36    ( )   ( ) 
 /  

 cp(max) = Pmech(max) / P   

   

 cp(max) = 16/27= 0,593 (5.3)

           vi 
    vf  3/1 37.      -

35       /    ,    ,  -
 .

36 ., . ., Kaltschmitt et al, 2007, . 298-300.
37         /         

  PT(max)= ½   v3
 cp(max) = (½   v3) 0,593.    ~60%    

  ( ,      )      (   
         ).
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194   

 Benz    Albert Benz   1920 38   
     39. 

 cp  /     ,    
  ,    ,     . . 

  -   /      /   -
  cp       .

     ( ) cp      -
   CT    ,    / ,  
     .        

    ( ),       
      /     ( ) , 
:

CT = T/Tmax

CT = T/½  A v2 R

CT = 2T/  A v2 R  (5.4)

 

  :  , 

Tmax  :  ( ) , 

R  :    (  ).

      /       
           

  / .  ( )         -
    (tip speed ratio) ( )     

         /    
  :

  =  R/ v (5.5)
 

 :      ,

R :      ( R,        -
), 

v :    .

38 Betz, A., Das Maximum der theoritischen Ausnutzoung des Windes durch Windmotoren, Zeitschrift fur das 
gesamte Turbinenwesen, 20.9.1920).
39           A. Benz      -

         .      
  cp(max)  /      [tip speed ratio]  > 3,   /     

(~1)  cp(max)  ~0,42 (Ackermann, 2012).
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195 5:     

    ( ) cp      -
 CT    .   /        40  

        /       
  cp     .

       cp, CT     :

 cp/ CT = R/ v =  (5.6)

5.2.5       /
    ( / )       

        [lift machines]41, 
    42 [lift forces]     -

,    [drag machines],     
43 [drag forces]     44.  /   

45        /   -
 ,       -
     . ’    (  ) 

           
    46.

   /        -
,          
     . 

          
 .      ;   -

   .

40              ( )  /    
   ’  (        ),     

           ,    
   , ,     . 

41 /  .
42  . 
43  .
44  -      /  .
45      /       . 199, 202.
46             

 .          
            drag machines. 

  Sathyajith M., 2006, . 23-34, Manwell et al, . 95-105, Burton T. et al, . 
156-172.
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196   

        / ,     
   vi,   ,     5.7.

 5.7      FL   FD   
       / .

     :     ,     
         (  
  ,          

).         (   -
 . .),           

  .          (   -
 )      .    

    (p )       -
 (    )    (p )   

       (  )47.     
            

    ,        :  
 48 FL    49 FD.    ,  
  (   ,       

      )      
   .

47     Bernoulli (Daniel Bernoulli:       
- ).

48        .
49        .
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197 5:     

   FL    :

 FL = CL ½  A v2 (5.7)

    FD:

 FD = CD ½  A v2 (5.8)

 

CL  CD            
/ .

          -
      50.      -

 FL              
      ( . ., ~10º).  ’    

 FL       . 

    CL  CD    /   -
         . 
           CL  CD 

      .     
   /  (  )      

 FD       FL,     
          CL   

  CD  (    CD/ CL     CL/ CD ).

 ’          ( -
)     (    Reynolds Re).  

          
  /  ( , . .,     [blade element 

theory] . .).             
           

 51.

50            ( )       
,          .       

    CL  CD           CL( )  
CD( ).
51   Manwell J.F. et al, 2002, . 105-139, Burton T. et al, 2001, . 46-150, 
Sathyajith M., 2006, . 27-34.
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198   

5.3 -  
’          -  

        ,  
  ( / ).       / : 

  HAWT52    VAWT53.    
  /        -

 .     (  ) 
      ,      

    [grid-independent applications].

5.3.1  /  – /   
    /         

           
  54. 

 /       [lift machines]   
          

   /    [Vertical Axis Wind Turbines  VAWT] 
 /    [Horizontal Axis Wind Turbines  HAWT]55.    

    Darrieus (     
      1920)56    Savonius, -
      1970       1980, 

           
  (     /   ).  , 

             
          

   ,     
  /           -

  .

52 Horizontal Axis Wind Turbines.
53 Vertical Axis Wind Turbines.
54          .   /   

     .
55    /            

.  ,  /           
     [tip speed ratio] ( ).     -
  /  . Boyle et al, 2004, . 308-309.

56  . Boyle et al, 2004, . 255-256, , 2005, . 225-228.
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199 5:     

 5.1 /   Darrieus   Heroldstatt ( ).
( : commons.wikimedia.org)

 5.8     /   Savonius.
( : commons.wikimedia.org)
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200   

 5.2 /   Savonius  .
( : commons.wikimedia.org)

 /          
       /    -

       .      
       /    
          -

 .      /    
.
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201 5:     

 5.3     /         
 Caen, Normandie ( ).

( : commons.wikimedia.org)

5.3.2 /   
 /         [tower]   

 [nacelle]       .    
    [rotor] (   ),   [generator] (  

   )     [gear-box] (   
).   5.9       / .
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202   

 5.9     /    1. , 2. -
    , 3. , 4.     
  / , 5.     , 6. , 

7. , 8. , 9. , 10.  , 11. -
 , 12.   , 13.  .

( : commons.wikimedia.org)

  ,        
           .  -
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203 5:     

   /        57.  
         -
.      /       

      20   
58 (  5.10). 

 5.4 /    (  ). 
( : National Renewable Energy Laboratory (NREL)

  /           
   (   )      

   . 

          
 /   59.

57      /            
               

   . 
58 Ackermann, 2012.
59       Kaltschmitt et al, 2007, . 309-322, Burton T. et 
al, 2001, . 377-468, Manwell J.F. et al, 2002, . 247-314, , 2005, . 232-236.
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204   

5.3.3   /  

)   [rotor]
     /        -
      60.    

   [rotor hub]    [blades].    95% 
  /    61    
     /      (   

 ,    . .)62. 

        -
   ,  . .      -

         / .   -
  ,        

          . 

          . 
            -
         /       

   .        
    /       , 

       (rigid or hingeless hub, teetered hub, 
 ap and/or lag hinge hub)63.

)    [gear-box[
       /    30-50 r/min64. 

  /          -
 1.000-1.500 r/min. ,   (   65),  

      ,      
         .    

   95-98%66       ( -

60               
   40-50%    /  (Kaltschmitt et al, 2007, . 309).

61 Kaltschmitt et al, 2007, . 311.
62   . Kaltschmitt et al, 2007, . 310-311.
63 Burton T. et al, 2001.
64 Revolutions/minute (   ).
65               .
66 Burton T. et al, 2001, . 438.
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205 5:     

      ).    -
  ,   , /    -

,            
     .   /    

  [multi-pole ring generator]       
  67.

)   [generator]
         / ,    

-        .  -
  (    kW)    -
 (DC generators).   /       

      [3phase AC generators]. 
          -

 68,       [induc-
tion generators].         

  [synchronous generators]     
[asynchronous generators]69.

)        
[wind direction yaw mechanism]

   /          -
        .    
          

( )        .

)   [tower]
H             

  ,           
     .         

            

67   . Kaltschmitt et al, 2007, . 313-324, Burton T. et al, 2001, . 424-438.

68     , . ., Serway R, Jewett J., 2009, Physics for Scientists and Engi-
neers (8 edition), Thomson Brooks/Cole, (Halliday D., Resnik R., Walker J., 2010, Principles of Physics (9th 
Edition), John Wiley & Sons.
69   . Kaltschmitt et al, 2007, . 314-316, Sathyajith M., 2006, . 107-114.
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206   

.          
   ( )       -

           
  /       . 

      /  .  
            

[tubular]   -  [lattice].      
       .    

          -
        70  -

   .           
 /             

.         40  80 m71, , 
    /   ,   90-100 m  -

     72. 

)   [foundations]   
         ,  
   ,    ,  ,  -

   . .        
 [shallow]   [deep] .       

     .  /   -
       [off-shore installations   

]  -         
    [  oat support]73        50 

m (        )    
  [  oor-mounted support]74.

70    ,     (      
. .).

71        (      off-shore installa-
tions),          ,        

 25%     /       (on-shore installations) 
(Kaltschmitt et al, 2007, . 318).
72       . Kaltschmitt et al, 2007, . 317-318.
73         .   (    

. http://offshorewind.net/Other_Pages/Turbine-Foundations.html (5/11/2010).
74  . Kaltschmitt et al, 2007, . 318-320.
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207 5:     

)     [grid connection]
H   /     (   )     

 75 [direct connection]    76 [indirect connection].  
             

(   )      .    
      (    -
        /     -

     50-120%    -
,         

 ). 

5.3.4    , , 
   /

)    
         , -

        
 ( )  / .   5.10      

.

 5.10       / .

75 ’         /        
         (   )  /  ( -

)         (   50 Hz).    
          .

76    /            -
            

    . 
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208   

 ,         -
        .  , 

    (  ),     
     77,     -

    .      
     .     -

    ( ),    
( ,    )       

     ’     . 

)   
         / , -

  ( )   .   
   ’      -

    :  78,  -
79   80.       

       /  (    
       )    -

   Betz (59,3%)81.  2009   /   ( ) 
          

 30-45%.         -
       /  (    -
     [Wind Energy Conversion Systems 

WECS]).

77    ,      ( / )   
       .        
     . 

78          ,   -
   . .            / .

79              /  ( , 
 , ,   . .)        

  .
80              -

 ( )      .
81                

 .
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209 5:     

 5.11           / .

)    /
   Pel    /  , ,    

    ,       : 

 Pel = n cp 31
2

AVρ  

 

 Pel = nmech-elec cp 31
2

AVρ
 

(5.9)

n:      /  (   
nmech-elec)       0,9 (     

  (cp 31
2

AVρ )        
 / ).
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210   

  /    Pel = f(v)     -
       /     v  . 
       /     

     5.12.

K   /

 (k
W

)

  (m/s)

 5.12         
        (  -

  / ).

     (4) : 

   ( )        (  -
  0-3m/s)          

 82. ,        / .  
       /       

    [cut-in velocity] (  ~3m/s).

   ( )       ,  , 
  ,   ( )     -

  .          
,            

 .          
   .     ,   

82  ( )          « »  -
           . 
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211 5:     

            -
 .          -

 [nominal wind speed]        -
     / ,       [nominal or 

rated power83] Pn   PR.    /      
   3-4 m/s (   )    

12-14 m/s (  ). 

   ( )       ’ 
      .     /    
         (  )  

         .    
   ,     

   / ,          -
      ,       

 .           
  [cut-out wind speed]     /     
 .      /      24-

26 m/s.

   ( V) (     )  /   
   ,  ’        

         
/ .

    /       -
            

/      t,       
    (h).       
    84:

 
,

1

n

el i el i
i

E h P t
 

(5.10)

 Pel,i         i   -
 hi     .

83         rated power PR. 
84          (software) 

 / . 
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212   

)   /  Cf [capacity factor] 
       /     -

      /  Cf.   -
         /  (   

   )      -
,       /    
      .

   Cf        
   /  (   / ,     )  

  t 85,          -
      Pn. 

 *
t

f
n

E
C

P t
  (5.11)

 t        /     t 
 Pn (  PR)     / .

         0,25-
0,40.     0,4   -

   /         
 . 

)   
  /     .      

            
          . ,  
         

          
           

(  ).         -
           

   [stall control]     [pitch 
control].          -

      86     

85      ,  8.760 h.
86         . 
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213 5:     

       .     
     87  . ,  

           
       /    88. 

5.3.5  
 /              

(  /     / ),    /   -
   [wind parks  wind farms].     

      1970       .  
        W   

W.        ,    
    (       

     ),     
    ,    -

89.

 /          
     (        

  ),    /        
             -

  / .      /     -
           

[shadowing]  / .   /         
   /    /        

(             
    / )     -

 [turbulence]  ,       -
     .       

/               

87              -
 (       ).

88  . Kaltschmitt et al, 2007, . 328-330, Sathyajith M., 2006, . 101-107, Ackermann, 
2012, . 88-91.
89         / ,      -

 ( ,       . .)    ,  
          .
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214   

  /  ( . .,   )     
      90. 

 5.5    Albany (  ).
( : commons.wikimedia.org)

          -
 .       /      

   2-10%         /    
     .     -

      (   )  
     -    

 (     ,    -
   ,     -

).

90               
              (  

  )   / .
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215 5:     

            
          

        91. 

5.3.6    [Offshore wind parks (farms)]
            

.          
     1970,     -

    1989,    1990     199192.  
         -

 .  2009       -
  ~2 GW,   ~1,2%     93. 

 5.6     Sound    ( ).
( : commons.wikimedia.org)

91         . Twidell et al, 2006, . 331-335, Manwell J.F. et 
al, 2002, . 381-394, Burton T. et al, 2001, . 511-557, Sathyajith M., 2006, . 117-124.    

 ,       . Sathyajith M., 2006, . 117-119.
92 Sathyajith M., 2006, . 121.
93              ( . -

) (688,0 MW),   (663,6 MW)    (247,0 MW) World Wind Energy Association, World Wind 
Energy Report 2009, . 9.
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216   

         
 :

         
,      20-25%.    -

      .

          
    .   -

    / ,    ,  
          

94.

    , ,     
   ,      

 .  /       -
         

[tip speed ratio]             
.        .   

        /    -
            -
.            

        -
    95,   /      -

      .  
   /         
             

    . ’        
/            

  .        

94 ,    ,         
               

    .
95              -

 (       )       
              .  -

           Vindeby   
 1991 (  ~5 MW)  .        85%  

      ,        
20%        . (Boyle et al, 2004, . 287  http://
www.climateactionmap.org/project/399 (5/11/2010)).
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217 5:     

(  . .).       /   
            -
      (     

  ),      /  (  
   )      .  

  ,       -
  ,         (  

,   )         
.           -

,     . .      -
           

     40 m96.        
          ( -

, , ),          . 
97      (      

   )  .       
     m     km98. 

          
         .    -
      [gravity foundation]    

 [piled foundations (mono-pile  tripod-type)]99. 

5.3.7   /       
[grid-independent applications]

     /  (      ) -
        ,  

  /          

96 Sathyajith M., 2006, . 23-34.
97         .  . Boyle et al, 2004, . 288-292.
98  ,      (Middelgrunden wind park)    2001 

    ( ),    /   2 MW (  )     
    3,4 km      2 km    (Boyle et al, 2004, . 287). 

     Horns Rev    80 /   2MW (  ) -
   14-20 km      (Jutland)   (http://guidedtour.windpower.

org/en/pictures/offshore.htm (5/11/2010)). 
99    «Development of a Gravity Foundation System for Offshore Wind Farm A .lications» 

   URL: http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=4302413 (12/3/2011).
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218   

( )          
          

.        -
    . 

)   /      
[wind-battery systems]100

       (   100 W   
100 kW)   / ,     -

.            
( . .,    )  /       

/   [wind-baterry-photovoltaic systems]101.  /     
   10-20 kW (    6 m)  100 kW ( -

   16 m).        
 ( . ., /  Savonius).          

~30m.           -
   ,  . .       

 ,   . .

)   /      [wind pumps]
             

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

         -
   ( , ,  . .)    -

    .    (   
[wind pumps])        . 

         /   
        .   
         
  /         (   

)     102.

100  . Kaldellis (ed), 2010, . 323-363.
101 . Kaldellis (ed), 2010, . 216-251.
102   /          .  

. Kaltschmitt et al, 2007, . 336-337, Sathyajith M., 2006, . 124-142.
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219 5:     

)     / -   
[Wind-diesel systems103]

         
  100 kW  10 MW104.     -

         
105.     ,    
   .     /     

  106  .     -
       /  ,   

   (   )107. 

)   /      
[Wind-sea water desalination108] 

         -
         .   

      .      
       .   

    (   . .)     -
     (  )    -

  / .       , 
             

      (  )  « -
» ,          .

103   . Kaldellis (ed), 2010, . 191-214.
104 Kaltschmitt et al, 2007, . 337.
105             , 

        /  .    (   
)      Rotwandhaus   ,   -

      / , /     diesel (Luque et 
al, 2003, . 764-765, Kaltschmitt et al, 2007, . 282  http://www.smallwindindustry.org/  leadmin/
ewea_documents/documents/projects/swiis/technology/050406TALCOWIND2000.pdf / (04/10/2010)).
106      ,         

     / .           
   24           .  

             , 
       /      (    

)    .
107      . Kaldellis (ed), 2010, . 254-281.
108   . Kaldellis (ed), 2010, . 506-533.
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