
           .  
         

   .        
       .   

          
,     4     .  

         
    ,    ’   . 

         : 
        . ’ 
    ,   ,    , 

 , ,  .

         -
       ( . .,   ,    -

   . .).        -
     (   , -

  . .)       
[passive solar architecture]    1. 

        , 
             

1           ( . ., )   -
       .

3 
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34   

        2.  
          
   (  , ,      

   ,    ),   
    [solar thermal power systems].    

     (     )    
  (>300ºC)       

       .   
           

             
(  )    [heat transport  uid].    

      (  < 80ºC),  (  < 200-250ºC) 
   (  > 250ºC).      
          

       (  - )3 
. .,        , -

,        .

          
       ,          -

          
      (   

).            
   ,      .

2   ,  ,       .

3            ,    -
        (49%    , 31% 

   20%  ). : http://www.estif.org/  leadmin/estif/content/events/
downloads/Potential%2520Solar%2520Thermal_Webinar.pdf/ (29.11.2010).
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35 3:    

3.1       
[Passive Solar Energy Systems]

3.1.1  
          
   .        -

4          -
5       .     
        ’   -

           
   .         
         -
   6,       -

          . 

   ,      -
   ,        -
      (     ,   

 . . ,     . .)    
   ( , . .,  )7.  -

 ,          -
    ( , . .,  . .).

3.1.2   
            

    (  )      -
,            

 ,       8.

4 http://www.cres.gr/energy-saving/enimerosi_bioclimatikos.htm.

5       [thermal comfort] . http://www.hse.gov.uk/temperature/thermal/
explained.htm.

6  ,              
     ,         .

7            
       .

8                
       , . ., Kaltschmitt et al, 2007, . 105-115, 

Duf  e & Beckman, 2006, . 548-577.
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36   

)    (3)    
       :   

[conduction],  [convection]   [radiation]. -
       :

    [conduction]       
             -

 ( . .,          ).

    [convection] 9    -
 (   )         

( . .,            
   )10.

    [radiation]     
          -
    11.

)     
            -

    .  12    -
      [energy gains],   

      [energy losses]. 
   :      -
        ( . ., , -

 . .),           
     ,     

    . .    (   -
)         (  

,  . .),        [ventilation and 
in  ltration] . .          

9     .

10                 
 .

11            (     
  )       (    )   
     (   ).

12    .
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37 3:    

  13         
14. 

 3.1      . 

         
  ,     .

3.1.3         
  

          
           , 

   ,       ,  
            

        .

13     .

14                
     ( , . .,      ),  

           .

03_ANANEOSIMES PHGES ENERGEIAS.indd   3703_ANANEOSIMES PHGES ENERGEIAS.indd   37 29/4/2013   3:26:40 29/4/2013   3:26:40 



38   

T          
   15.

)      
           

       (     
  ),       (      

  )      .   
        (    

)    ( . .,   )16.    (  -
  30º)           
  ,           

 .

)   
       (    ) 
                

     .    
 :

  

  

      17.

)       
             -

   (    ).     
          ( , ,  

. .)     (   )    (  -
    )18.     

15 http://www.energysavers.gov/your_home/designing_remodeling/index.cfm/mytopic=10270 (10.1.2011).

16          « »        
    « »         

    . , « »     .

17      [PCM-Phase Change_Materials] . . 70-71  .

18              -
      ( .  . 43).
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39 3:    

             
 ( )19,       (    

    ).  (     -
)           

   . 

)   
            

   [conduction, convection, radiation]   
.          
  ,   . .

)   
          

  .    , , ,  -
,          
     (       

, . .,  ,  . .),      
 (  )          

  ,  . .20.

3.1.4       

            
      (4) :   -

 [direct gain systems],    [indirect gain systems], 
  [decoupled systems]    [sunspaces].  

          -
 21.

19  [heat capacity]           -
       Kelvin (1 K).

20               
  . 

21 Kaltschmitt et al, 2007, . 115.
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40   

)     [direct gain systems]
           -

 (     , . ., )   (  
 )        .  

       .    
     ( - )    

     .     -
            
    ( , , ,  . .).

      ,     
 ( )    .

 3.2      )  )   ) 
.

          -
     (      

  )        
  (   )       

           

 

 

 

) )

)
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41 3:    

(  )22. ’       -
   .       

       ,  
     (    )   

    .    ,   -
,          

     .

       ( )   
,       ( ,  . .),   

  ,         (  
        ).

)     [indirect gain systems]
   (      [solar walls])   

       , -
       ( )     

     (  )    -
    .      

         
    .     (   

)         (   -
    ),      23. 

   24,     ,    
  (   20-40 cm)25      -

   ( . 3.3   3.3 ).        
           

22            -    
   .  ,       , 

       ( ) .       
           (  = -

  -   ,  =   -   
).

23          2,5 cm/h.      -
  20 cm              

       8 h (  ). http://www.energysavers.gov/
your_home/designing_remodeling/index.cfm/mytopic=10300 (10.11.2011).

24       Trombe (       Felix Trombe).

25 http://www.energysavers.gov/your_home/designing_remodeling/index.cfm/mytopic=10300 (10.1.2011).
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42   

           -
.            

        . 

           
       ( )     

        ( . 3.3 ). O  
          

26.            
   ’       ,   

          . 

     ( )     
        -

   (       ),  
     .    

        .

26 ’               -
 :   [conduction],   [radiance]       

[convection].

)

)

)

 

 

 

 

 

 

 3.3    : )    )    
  )     .
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43 3:    

)    [decoupled systems]
          
   ( . .,   )   -

    ,       
 .           

 ( )       ( , 
 . .).           -

 (   )         
 .         

           
          -

.          -
            
        .     -

 3.4      [Decoupled system]. 1.&2. 
 , 3. , 4. , 5.   , 6. 

 , «    »   , 
7.      , 8.      -

 , 9. , 10.   . 
( : commons.wikimedia.org)
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44   

            
     27.     

     (  Trombe).      
       [convection],     
 , ,       -

   ,      -
      [semi-passive].

          -
         -
             

 8  10 h28.          
        ,  -

     [heat accumulator].    -
       ,     

      .     
          -

   ( . ., )29.

)    [sunspaces]
           

 (  )      (      
)   30.       

    ,         
 .           

      .   

27                
         ,        -

               . 

28 P. Torcellini and S. Pless, 2004, Trombe Walls in Low-Energy Buildings: Practical Experiences, National 
Renewable Energy Laboratory, http://www.nrel.gov/docs/fy04osti/36277.pdf (9/2/2012).

29   . Kaltschmitt et al, 2007, . 119-120, Duf  e & Beckman, 2006, . 549.

30               -
           .    

              
               

         .
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45 3:    

 ’           
 .            

     (    )31.     
        (     

 )            (  
 )     .

 3.5      .

31              
         .     

      ,        
  .
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46   

3.2         

3.2.1  
           

  .        
,       ,    

 ,        (   
- ) . . 

         -
            

   ’      .     
             

       ,    (  
         -
)        .   

      19        
 ( , ,  . .).    (   
 ,         -
  )     (   ) 

     190932.       
  (   ).     1935-1941  80%  -

     33.   
            

        1970   -
          .  

     (   m2)  
 (2009)     (12.899.800 m2),      

  (4.076.200 m2)34.  2008    1.920.000 m2 -
 ,     (466.000 m2)     (421.000 

m2).     6    300.000 m2   

32 Boyle et al, 2004, . 36. 

33 . .

34 http://www.eurobserv-er.org/pdf/baro197.pdf (11/11/2010).

03_ANANEOSIMES PHGES ENERGEIAS.indd   4603_ANANEOSIMES PHGES ENERGEIAS.indd   46 29/4/2013   3:26:44 29/4/2013   3:26:44 



47 3:    

35.            -
   (873 m2/1.000 ).36

3.2.2   
           

        ,    -
   ,    .  -

          
     .    

        -
 ,       (  
 )     .

         
[absorber],         -

,   ,         
,   (    ),    -

  .          -
       .      

           
  (   )   .     

          -
    .   ,    

        .

)  , ,    
            

     (0,3 m< <3 m) [short-wave solar 
radiation]   .       

 -  .       
-        (    

 )37,     (     ),  

35 http://www.eurobserv-er.org/pdf/baro197.pdf (11/11/2010).

36 http://www.eurobserv-er.org/pdf/baro197.pdf (11/11/2010).

37               
 ,         ( . ., 30%),    

     ( . ., 0,3).          
    , . .,       . .
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48   

  (    )     (   -
 ). 

     38      -
     ,    :

 = (  )/ (  )

            
             

[black body]39     , :

 =  (     )/(     
 

          -
    ,    :

 = (  )/(  )

          
        , 

   :

 = (     )/(  )

    ,      /  
  :  +  +  =140.

            
   Kirchhoff41  (    )     -

              -
         ,   = .

38                
 ,            .  

      . Duf  e & Beckman, 2006, . 175-177.

39      «  » . . 9.

40    , ,       
        ,        

  , , ,  .

41   . Duf  e & Beckman, 2006, . 177-178.
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49 3:    

)    
          
     .    -

         (  [absorber])  
           

    .    (  )   
   = 1,       -
       (  =  = 0)      

   (0,3 m< <3 m).      
 . ’           

.          
     ,      

      = 1   
  ,        -

  (  ).        
          , 

        . 

  ,     -
  = 0,           -
 .            

  .   3.1          
     -  . 

           
      (     
 s, s)          

(  > 3 m)  ( , )42.        
   s    1 (0,70-0,95    )     

  (0,05  ),         
 (  >3 m)    43.    

     [surfaces] / ,   -
 s/       .    
        .   3.1  

42 s = solar, I = infrared.

43              -
.
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50   

   9  19,        
    . 

 3.1   .

 Y  

s( s) s s  ( ) s/  

  
(  

)

0,88 0 0,12 0,07 0 0,93 12,57

  
(  

)

0,87 0 0,13 0,09 0 0,91 9,67

  
(  

)

0,70 0 0,30 0,07 0 0,93 10,00

   
(  

)

0,95 0 0,05 0,05 0 0,95 19,00

  0,97 0 0,03 0,97 0 0,03 1,00

)     
     ,   , 
           -
          

[convection heat losses].        
   .        -

   = 1     (      
        )   
   .     -

         
.    3.2      -

  .
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51 3:    

 3.2    .

  

s( s) s s  ( )

 0,02 0,97 0,01 0,94 0 0,06

    
  

(In2O3)

0,10 0,85 0,05 0,15 0 0,85

    
  

(ZnO2)

0,20 0,79 0,01 0,16 0 0,84

          
  (   1),        -

   (          
     )   (    ), 
        44. 

)     
         ( -

)       ( )  :

 ,G absG
 c= ( usefulQ + ,conv absQ + ,rad absQ + ,refl absQ + ,cond absQ ) c

45 (3.1)

 

,G absG
 

:     (  )    
         

 [absorber]46 

44      ’          
    .

45            usefulQ   , 

         ( ,conv absQ , ,rad absQ , ,refl absQ , ,cond absQ )  
( )   .        -

         ,       
.

46    SI  W/m2.
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52   

c  :     

,conv absQ
 
:    (       -

)    [convenction] 

,rad absQ
 

:    (       -
)   (   )

,refl absQ
 

:   (       )  
   

,cond absQ
 
:    (       -

)   [conduction] 

usefulQ
 

:    (       -
)         -

    .

  ( )       -
 .          

     ,G collG .      
( ,G absG = cov ,G collG )        -

 (  cov      ). ’ 
   ,G absG

 
   (  )    

 usefulQ          -
 (  )       .   
        ( ,conv absQ + ,rad absQ +

,refl absQ + ,cond absQ )     . 

  (       )   
   ,refl absQ     : 

 ,refl absQ
 
= cov ,G collG abs

 abs      .

    (       ) 
          -
       :

usefulQ = ,G absG ,G absG ( ,conv absQ + ,rad absQ + ,refl absQ + ,cond absQ )
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53 3:    

usefulQ = cov ,G collG ,refl absQ ,rad absQ ( ,conv absQ + ,cond absQ )47

usefulQ = cov ,G collG  cov ,G collG abs  ,rad absQ
 

 ( ,conv absQ + ,cond absQ )

usefulQ = cov ,G collG (1- abs) ,rad absQ ( ,conv absQ + ,cond absQ )

usefulQ = cov ,G collG  abs ,rad absQ ( ,conv absQ + ,cond absQ )

   48      

 (   )   [conduction] ,cond absQ   

 [convection] ,cond absQ         

  [coef  cient]     ,L collU   
             

       . 

 ,conv absQ + ,cond absQ  = ,L collU (Tabs Ta)

 

Tabs:       (   )

Ta:      [ambient temperature] (   
)

,L collU   [coef  cient]   (  W/m2K)

    (    )    -
 (       )   ( -

  ) ,rad absQ    (      )49.

    uQ  (   W = J/s)   -
    : 

47         ,       
    .

48               
 . Duf  e & Beckman, 2006, . 238-321, Kaltschmitt et al, 2007, . 126-129.

49         ,L collU       
  .            usefulQ   

 .
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54   

 uQ  = usefulQ c = ( cov abs ,G collG ) c  ,L collU (Tabs Ta) c (3.2)

 c     (    ).

           
ninstant          usefulQ   

      (  )   
 ,G collG .

 ninstant = usefulQ / ,G collG
 
= ( cov  abs )  ,

,

( )L coll abs a

G coll

U T T

G
 (3.3)

        n    -
  t     : 

 0

,
0

t

c usefull

t

c G coll

A Q dt
n

A G dt
 (3.4)

           
         t    

           -
 , . 

          
         Tabs  

 (       ’    ),   
 Tin       (  ) 

       : 

 uQ  = ( cov abs) ,G collG  c  ,L collU (Tabs Ta) c 

    ninstant = usefulQ / ,G collG
 
= ( cov abs)  ,

,

( )L coll abs a

G coll

U T T

G
 -

    :

 uQ  = FR[ ( cov abs) ,G collG  c ,L collU (Tin Ta) c] (3.5)

 

 ninstant = usefulQ / ,G collG
 
= FR ( cov abs)  FR ,

,

( )L coll i a

G coll

U T T

G
 (3.6) 
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55 3:    

   FR       
[heat removal factor]           

    Tin      
     Tabs  .   FR  -

          
             
      . 

           
.           

  (        ),     
        ,  -
  ,   ,   

  ,      .   
           
  ( )        .  

           -
 .         

     .     
      .  

    -  [solar cooling].   
           -

          (  
           

),          
      .

3.2.3   

)   - 
           -

       ,     
        . -

            
(      ).
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56   

  3.6           
  (  ).     (  

-absorber),     ,   -
    ,      -

.           
    50.         

         , 
          

       . 

 

 

 

-           
   

  

 3.6   .          -
   ).

( : Olympic sun)

50  ,     (      
 ),             

. 
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57 3:    

) 

         
[short-wave]   (  ).     

         ( -
)     [long-wave].      

          (  ~1)  
         ( ~0)     -

   51.         
          

        .    
      (  200ºC)   

        .    
         ,   

          
 .       52 (   

)           
    ,      

 (      ). 

)  

           -
      .       

          (    
            

)           
         . -

           -
    [convection].     

         (   
    ).      

         (  
    ).      -

 (     )        
         , 

          . 

51          . 

52         . 
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58   

)    

 ,     ,     
,  ,   ,    . -

        ,    -
    .        

  ,     ,      
          -

         .   
      (    

 [mineral wool])        .

3.2.4     
        , 

      .   
          -

  .       
            

 .          -
        -

   (     ,    
        )53.  

         
        54   

,            
  .         

          
[liquid type collectors]         
[air type collectors].         
[evacuated tube collectors]. 

53        ( ) ,   -
      ,    .

54                
   (        ),    

   (  )      ,    
      -  ( . ., )     

    .
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59 3:    

)        
        ( )  

        ( -
)     ( )       -
.

      

      (     ) -
           

  (  ).      -
           

 [open-air swimming pool].        
 .       

           -
.            

EPDM [Ethylene-Propylen-Dien-Monomers],       
  UV        150ºC55. -

              
 .

      

          
        (50ºC< ).  

       (    ),   
    56 .     -

          
 .        -

         .    -
          

[convection].         -

55               
     .

56      ,          
               

    26-27ºC (  )    ,     
.
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60   

 (   ,      
  ),         

           -
 .     (   )  

      1  16 m2.   -
   .        -
          . ’  

           
 (          )57. 

       (      
 )            

            -
      .     

        .  
          -

           (  
 combi-systems).

)        
          
      .    -

     58    
       [combi-systems].   

       ,        
      ,    

 .          ( -
 )     . 

57 Kaltschmitt et al, 2007, . 133.

58         .
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61 3:    

         ,   
          

(  )          
    59. ’       

 ’            
           

   .      
             

  ,   (   )   .  -
  (    )     

59                
 .            

  ,  . 

 

  
 

 

 3.7       .
( : commons.wikimedia.org)
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62   

  60,        
61         ’ 

  . 

 3.1            
  .

( : commons.wikimedia.org)

)    [evacuated tube collectors]
           -

  ,         
 (  ). 

60             ,     
    .

61              ( . 
),  ’      . 
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63 3:    

     ;      -
     (     )   

  .       -
   ( . ., Pyrex) (  ~25 mm)     

(      )62. O      
    ,      -

         . 
      63 (    
  )         

     (   )64.    
          

 [heat pipe]           
    ( .  3.8).

H   

 

 
  

  
  

  
 
 

 3.8      .
( : commons.wikimedia.org)

62  .,  .,  ., 2008, . 12.

63        (      -
  )       convection. 

64    93%    .
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64   

        ;    
     ( . ., )     

- .         -
          -

          .   
    ( )      

          
.            

  .       (   , 
 )            

         (   
,  ,   . .).

          
        

  ’        
       30-50ºC65. 

65 Kaltshmit et al, 2007, . 138.

 3.2            
.

( : commons.wikimedia.org)
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65 3:    

      (       
 )        -

  -  [cost-effectiveness]     -
  66. 

3.2.5       
           

  .       -
         abs  

     cov   . 
         cov abs    

      ,   -
          . 

66             .  
            

.     . Kalogirou, 2009, . 131-135.

 3.9       .
( : commons.wikimedia.org)
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66   

         -
  ,L collU        ,L collU

(Tabs Ta) c.

      67     : 

 ninstant = usefulQ / ,G collG
 
= ( cov abs)  ,

,

( )L coll abs a

G coll

U T T

G
 

      FR:

 ninstant = usefulQ / ,G collG
 
= FR ( cov abs)  FR ,

,

( )L coll i a

G coll

U T T

G
 

     ,   n    
   cov abs, FR, ,L collU  (     ) 
     (Tabs T )  ( i  T )    -

    ,G collG
 

   .

  3.10  3.11       
 n [collector ef  ciency]       -

  (Tabs T )  ( abs )68. 

 3.10      n [collector ef  ciency]  
           

      ( abs ).

67                 
     .

68    (Tabs T )  ( abs ) .
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67 3:    

 3.11      n [collector ef  ciency]  
     (   )  -

        ( abs ).

  3.10  ( )       -
   .      yy   

  cov abs.         

,G collG
 
( . . 800 W/m2)       ,    

          (Tabs T ) 
 .        ,G collG

 
( . ., 

200 W/m2)         -
 (Tabs T ).

  3.11        
n      (   -

)       (Tabs T )  ( abs ). 

  ’   3.11,   -  -
          

   « »         
 (Tabs T )     69.     

         (   
    ),  ,   

69              ,  
            

  ( ,  ,  ).

03_ANANEOSIMES PHGES ENERGEIAS.indd   6703_ANANEOSIMES PHGES ENERGEIAS.indd   67 29/4/2013   3:26:48 29/4/2013   3:26:48 



68   

  .      (Tabs T )  -
,     .       

             
 (      Tabs T ).     

,           
   (  ),       

   (   )     (Tabs T ). 
            
      .

3.2.6   ( )    
     (        -
 )         
  ,    ,     -

 ,   ,    ,  -
    . 

)    [Heat store]
           -

  ( )        -
           (  

,          , 
     ).    (  -

    )          
     .      

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

       . 

          -
        [short term 

storage],   [daily storage]    [seasonal 
storage].   (  )      

   .        -
      .      

         .  -
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69 3:    

     (      -
 ),     compi systems (    

         
)70.         

           
   ,     71. ’  

    ,    
    72.

          -
          
 [heat capacity].         

     ,  ( ),  ,  
    .

            
     .      -

    ,     
 ,         (    

 , . ., ),      -
 . . 

      . ,   
  .       

           -
     (    ),   

    (     )    -
.           

         (  
) [liquid storage],    [solid-matter storage]    -

  [latent heat storage].

   [liquid storage]

          
(      ).    ( ) -

           .   -
70     compi systems         

     [backup system]   .

71       [district heating] (   
  ).

72        . Kaltschmitt et al, 2007, . 143.
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70   

       .   -
          

.          ,  
    .      

       .      
        (  

    )       
  10%  15%        

  . 

   [solid storage]

         -
    (    )     
    .       

   [  lls of pebbles]        
    ( . ., ,   ).   

(  )          -
       .     

    (  – )    (   
 ),            
            

    (  )      
  .           

( ,  . .),         -
    ( )    .

         ’ 
  ,           -

           .  
            

     ’ ,         
     (       

   ). 

      73

   ( -  – )      -
           -

73           [phase change materials].
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71 3:    

.         . 
    [melting]     [evaporation]  
       .     

      [solidi  cation]  -
 [condensation] 74.          

     [latent heat].     
         

,           
       (   )75    

      .    
            

 ,        ’ 
  . 

     (<80ºC)  
         ,    
            .

          -
            

 .    76,      
          .

)   
            -
  ’   : 

 

 

74            - -
  -       .

75          .       
[PCM]         , . ., . Mehling et al, 2008,  Belén Zalba 
et al, 2003, Review on thermal energy storage with phase change materials, heat transfer analysis and 
applications, Applied Thermal Engineering, Volume 23, Issue 3, . 251-283  Kenisarin et al, 2007, Solar 
energy storage using phase change materials, Renewable and Sustainable Energy Reviews, Volume 11, Issue 
9, . 1913-1965.

76              . 
             . 

               .
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72   

           

     

     

   

         .  
              -
 .        0ºC,  

        (  )  (  . .,  
   ).         -

      [antifreeze] ,   
  .        

  [ethylene-glycol]    [propylene-glycol].  
        [food-safe] -

.           
        . 

)   , 
      ( )    -

.              
      77.  ,     

       .   
         ,   

       ( )    -
 .          -

     ,    . 
     ,   ,  10-15%   
            
    78.

    [forced circulation]    
       .     
         .  

        -

77  ,       ,  , ,  
        . 

78 Kaltschmitt et al, 2007, . 146.
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73 3:    

 ,          -
,          

.          1-2%  
       (    

  ).79

)    
  80       
   ’  ,         -

 81.      :

        

   

         [flow speed]  
     

          
 82.

)      
           

              -
.       (  )   

    (   )    
.        -

      .    -
  [forced circulation]     

           -
        .  

79 Kaltschmitt et al, 2007, . 147.

80        . http://www.cres.gr/energy_saving/bio-
mixania/paragogiki_diadikasia_enallaktes.htm (13/5/2011).

81  ,            
         ,      

             -
   (              ).

82   . Kaltschmitt et al, 2007, . 146-147  Kalogirou, 2009, . 266-267, 293-296.
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74   

          (  
     )       -

 . 

         ,  
       .  -

         83  
    .      

            
    ,       

            
  .      -

       ,       
  .        -

           
    . 

        -
           

    .       
    ,     70ºC   -

      .   
            
 84    .       

( )    -  (    -
 )       85.

83              .

84 ,  ,           , 
             .   

               
  140ºC.       .         
  ’         . ,    

 (   )        (   
        )        

  . 

85   . Kaltschmitt et al, 2007, . 143-145.
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75 3:    

3.2.7        
    

         -
   3.12.        

  .       -
      .     

          
      (   )   . 

 3.12           -
.

         
     ( -   

 - ).         
         -

 ( )    .    (~40%)  
          . 

         -
     .    

        ,  
        .     

  ,      (    ).   
          

 ( )        ~25% (   
         

     )   ~32%     
     86. 

86 Kaltschmitt et al, 2007, . 148.
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76   

3.2.8      
   ,    (     ) 

  (  )       .  
             

  (   )       
          -

 (   )        (  
      ).    -

         (5) :

    

    ,   

    ,   

    ,  -
 

    ,   

        (5)  .

)      
             -
           .  
        ,   

  .         
      .     -
     (      

)   .

)       ,  

        ,   ( ) -
       (   3.13).  

       ( . .,  , . -
).           

     .     -
 ( ) ( )           
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77 3:    

    (  ). H    -
    .

  (         
            )87 

           (  
 )    ’ .     -

        .       

87        .   . . 2  
.

 3.13       ,  
. 1.      , 2.    

, 3.        , 4.  
, 5.      . 

( : commons.wikimedia.org)
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78   

            
      88.     

     89         
 ,           

  .         
        90.    

  (        -
)        . 

          -
          ,   

  .         
            -
    . ,       

          
           

   ( )       
           , 

      (     ) 
      .    
          
            

. 

   ,       , 
           

   91    92.  ’ 

88            ,   
         (     ), 

             . 

89      20ºC   = 998 kg/m3,   80ºC   = 972 kg/m3.

90      ,      ,    
             -

 .                   
     ,            -

     .

91     ,       .

92   ,         ~7ºC     
 ~0ºC (    ), ,     ’   , 

       ’     .      
        . 
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79 3:    

             
   (       )  ’   -
      .

)       , 
 

      ’       
     :    
            

  .        
           -

         
 (    ).        

    .

     93      
     .       

            
   (       

).         
           

       . 

 3.14        .

93              ,    
           ,   -

       90-95%.
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80   

)        , 
 

           
       94. 

’             
  .          

           -
          

            
         

   .       -
       .

)       , 
 

         :  -
          -
   (   )     .  
           

         -
,           .  

           
    .     ,  

    ,      
       .      
   . ,      

 ,    ,  -
   .        

     [controller].

)         

    ,  ,   
   ,       ( . .,   

94                 
. 
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81 3:    

 )        
  .         -
            -

 ,    (      -
 )    ,      -

     .     
       (    
     )     

    (        

 3.15      
 ,  .

( : commons.wikimedia.org)
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82   

    ),       
       (    )  

  . 

3.2.9      
    ,     -

,     ,    ,  
,    . .     -

   (  )     .

)      
            

   .      
  (   )    . -

            . 
       ,   -
     .       -

 (    )95 (    ). 

         ,   
       (    28ºC).  

          -
,       .   

           
(       )   (   

       ).     
     ,     

         , 
          .  

         (  -
        ),   (   ), 

           
.         -

.             
        -

95              -
  .
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83 3:    

.            
 .           

       .     -
     10 h      

  30%,         
16%96.         -

        .

)      
      [Solar Domestic Hot Water Systems, SDHW] 

            
  ( . ., ,  ,   . .).   

         ,  
      ,  -

  ,     
    97.     

        (    
),          ( . .,  

  ).      ,     
   .      -

       50 L,      
    7-8 m2       5-6 m2 

 98.       
 1,5-2,5        

(200-500 L)99.

            
 100%            40-80% 
           

 100. 

96 Kaltschmitt et al, 2007, . 152-153.

97      .

98         (Kaltschmitt et al, 2007, . 154)  -
      .       

             
.        4    

  3-5 m2   200-250 L. 

99 . .

100 http://www.estif.org/st_energy/technology/solar_domestic_hot_water_heating_sdhw/ (29.11.2010).
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84   

          4  
(       )    -

 2-5 m2     100-200 L101.

)       
[solar combined systems]

     ( ),     
  combi-systems,       

     , ,  .   
           .  

       :

         

    

  

          

   ,  /   102 

           : o -
    ,       

 .          
         .    

     (    , -
, ,  . .).        

,           
            

 . 

 103           
.          : 

            ,  

101 . .

102     ,       (   -
pellets)        .  European Solar Combisystems, http://elle-
kilde.dk/altener-combi/dwload.html (3/5/2011)        

                
.

103      [auxiliary subsystem].
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85 3:    

           -
  104.      (  

)   ,          -
 105:

          -
 ,       . 

       ,   -
        (   

  ) ,   ,     
 106.

     ,    , 
       , ,    

  ,        
[auxiliary subsystem].

    ,     -
  ,      107.

           , 
     ,      

   . .,      
.          (    

        )     
           

 108.       -
         .    

          
  ’   .     -

104 :         ,   
   .

105 . Kalogirou, 2009, . 348.

106                -
          . 

107      ,   ,   . .

108   . Kalogirou, 2009, . 315-386   347-360, Solar Heating Systems for 
Houses, A Design Handbook for Solar Combisystems on http://www.iea-shc.org/task26/publications/index.
html/ (29.11.2010), Kaltschmitt et al, 2007, . 155-157.
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86   

            -
,          (    

 )           
  .        

          ( . .,   
 )     -  [water-to-air heat exchanger] 

          . 

   [Air Systems]

            
  ( ,  ,   

,  ,   ).    
  ,        

      ( )    
  (    ).       
           -

       .    -
 -        .   

  [auxiliary]     ( )   
 ( . .,   [pellets])     -

,          -
109.   3.16       . 

       ,  
     ,    «   »110, 

           . 
           

         (  
 ). 

109               
  ,    ,         

,    .         
             (   

     ).

110 . . 68  . 
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87 3:    

       [Liquid or Water Systems]

            
  ( ,  ,  -

 ,  ,   ). ’   -
    (     -

).         ,   
.           -

    (  ).       
      (      

    )       
    .      

           
 .          

          -
       . ,    

           
      .

         
(  )     ( )       -

   .         

 3.16          -
     rock-bed.
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88   

     ,    ,  
    [fan coils]     -

 (  ).

      

      (     )   -
         

(   , ,     . .). ’  
     -   -

.          
        ( . . 61-62).   

        .  
-         

   ( )   (   -
  ’   ,    -
 . .)111.

111   . Kalogirou, 2009, . 347-354.

 3.17         -
    .
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89 3:    

)     [solar cooling systems]
           -

 [heating]     112 [cooling].    -
       ,      

(     ).       (  
      ,    -
  )   ,    

     .       
   ,        

    113.    -
         -

114.          -
    (       )  ’  

            , 
        (    
       ).      

        (  ), 
       (    )    

          . 

          
     ( 115,  -

 ,  , )     -
  [thermally driven chiller]. 

            
 [refrigerator]  -  [absorber-refrigerator]116 

112                
     ~18ºC (      ( ) ),  

         ~26ºC, ,   ,      
    .

113  .,  .,  ., 2008, . 4

114  .,  .,  ., 2008, . 18-21. ’       
          . 

115     -         
(90-150ºC),             

   . 

116 -  .        
[absorption chillers]. 
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90   

 -  [adsorber-refrigerator]117     
       . ,  -

    .    :   -
 [absorbion chillers],      -

-    -  [LiBr H2O]  –  
[H2O NH3],     [adsorption chillers]   

  -  , . ., -  [zeolite-wa-
ter]  -  . . 

     [ -generator, -
absorber, -evaporator, -condenser]    [re-
frigerator]   -   -  -

  .         
  ,         

117 -  .        
[adsorption chillers].

 3.18      .
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91 3:    

            
   118     . 

)    [District Heating Solar Thermal Systems]
     [distring heating]    

          -
 (   )       
  .         

    .       
      ( . .,    

        119)  
 ,   120   121.       

          
.      .   

       ,  -
   ( )       
           

    .      20  -
      , ,   

.          40-70%  -
     ( )    122.  

   , ,  ,    Friedrich-
shafen,   53.000   . ,  600   

         1996123. 

118                
   .     . Kalogirou, 2009, . 360-383.

119  ,  ,    1994      75% 
    .       (75 MW)    -

 -               
   http://www.ptolemaida.gr/D-E-TH-P.html (10/5/2012).   -

 -            
         (  )   
  ,  ,            

.      -  [Combined Heat and 
Power, CHP] . Breeze, 2005, . 62-74.
120    . 8.
121    . 6.
122 http://www.solar-district-heating.eu/AboutSDHTakeoff.aspx (5/11/2011).

123 http://www.energy-cities.eu/db/friedrichshafen_139_en.pdf (7/11/2011).
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92   

   ,        
  ,    ,   -
  ,         

    ,     124.   
          -

     [daily storage]    
[seasonal storage].         

       ,    
          -

  125.        -
          

            
  ( )       .

)    [Solar Desalination Systems]
          

 -          126 
        .   

    ,      
     127.      

    (  ,  , )  
         

124               -
    ,          

   (40-70%). 

125       http://www.energy-cities.eu/db/friedrichshafen_139_en.pdf  
(7/11/2011)     Friedrichshafen       -

     (      ).  Kaltschmitt et al, 2007, . 
157-159      .

126       [World Health Organisation  WHO],    
« »    500 ppm     1.000 ppm.

127  99%          -
        1%   (Kalogirou, 2009, . 453).   

            (     -
  )        . ,    

            ,    
     (   ).
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93 3:    

       128.     -
   ( )      
 129.        -

           -
  .          

    .        
         .  
 (  )        

         -
     .       

  [auxiliary heater]        
      ( . ., )   .

3.2.10          
    

            
,          

           -
         -
 (    ,  . .).      

         
      130. -

 ,     [utilizability method],   
f-chart [f-chart method],    [ ,f-chart method],     

     131.     
   (  )      
       (  ), 

128     . Kalogirou S., 2005, Seawater desalination using renewable energy 
sources, Progress in Energy and Combustion Science, Volume 31, Issue 3, . 242-281.

129      :     
     [thermal processes or phase change]     -

 [membrane or single phase processes].        ( -
)       .

130   . Nafey, A.S., 2005, Simulation of solar heating systems - An overview, Renewable 
and Sustainable Energy Reviews, Volume 9, Issue 6, . 576-591).  Kalogirou, 2009, . 553-658.  

     . . . . 658.

131 . . .,   Duf  e & Beckman, 2006, . 655-745.
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94   

    f-chart       
           

.

)         
  

           ( ) 
   ,       

  .          -
         .    
     ,      -

 .    ,     (  ) , 
            

           ( ) 
       (       

  ). 

          -
  [gains]     [losses]  .  

       ,     -
      .    

          
        ( - )  

,132            
     .   -

      ,    
[heat balance],    [weighiting factors],   
[thermal network] . .133.         -

   134.    (  )    
      ,   -

   [degree day method],      
       .

132     ,      .

133 Kalogirou, 2009, . 315.

134         , , . ., Kalogirou, 2009, Duf  e 
& Beckman, 2006 . .
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95 3:    

           
[degree day method]

          -
           -

    .

       (    
   )   

.

L         
   (    ,  ,   

       . .)  
.

g .    
    

.

L  +
.

g .       
 (     )   (UA)h (Th Ta),   

          .  
Th       [h=house]  Ta   -

   [a=ambient],   (UA)h     
     . ,      

 Th    ,      :

 
.

L  + 
.

g  = (UA)h (Th  Ta) (3.7)

     b [b= balance]     
          

.

g,  
   Ta = b  

.

L  = 0   (3.7)  
.

g  = (UA)h (Th  b)   

 Th = Tb + 
.

g /(UA)h (3.8)

 (3.7)  (3.8)  : 

 
.

L  = (UA)h (Tb  a) (3.9) 

  (3.9)             
           

   Th = Tb+ 
.

g /(UA)h.

    b     18,3ºC135,   -
  Th    24ºC.

135            ASHRAE [American Society of Heating Re-
frigerating and Air-Conditioning Engineers].   . Duf  e & Beckman, 2006, . 415-416.
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96   

       L      -
     (3.9) :

 L = 
0

( )
t

b ah
UA T T dt  (3.10)

 (Tb-Ta)+            -
,      (   Tb Ta )   
  L,         -

 .

     ,   , 
          

  Tb = ct, (UA)h = ct.

   (3.9) :

 
( ) ( ) t

N

h b av
i

L UA T T  (3.11)

 max min

2av

T T
T         

, Tmax  Tmin           
      t     .

  ( )
N

b av
i

T T        

    , :

 (DD)h = ( )
N

b av
i

T T   (DD)h = Degree Days heat

               
 L = (UA)h (DD)h t (3.12)

       ,    
   : 

 L = (UA)h (DD)h (3600 x 24) 

 (UA)h  W/ºC, (DD)h  ºC  L  J.

O           
        136. 

136      .
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97 3:    

       

           
          -
     (   , ,  

,   . .). ’         
     , ,   137.   -

 (  )       .

   (   ) 
.

L        
       . 

  
.

wL            
        Ts [supply temperature] 

   Td [delivery temperature]      
 .  

.

m              
 ,   :

 
.

wL  = 
.

m Cp (Td  Ts)  (3.13)

 Cp      .

   
.

tL          
     .  t [tank temperature]   

      Ta [ambient temperature]   
 ,   :

 
.

tL  = (UA)t ( t  Ta) (3.14)

 (UA)t        .

   
.

pL         -
      .    -
            

    .

        (   ) 
.

L   
     ,  

 
.

L  = 
.

wL  + 
.

tL  + 
.

pL  (3.15)

137   . Duf  e & Beckman, 2006, . 414-415.     
 ,       Duf  e & Beckman, 2006, Ch. 

10, 19, 20, 21.
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98   

)           
  «f-chart» [f-chart method]

             -
          

           -
  .        

          .

         . -
      ,     
 ,           

       .  -
           

    20ºC.

      (3)   : -
   (   )       

      .

          L,    
     [auxiliary]  138  Laux,   

          Qs [solar]. -
  : 

 L = Laux + Qs  (3.16)

    i   f     Li 
       :

 f = Qs,i/ Li = Li  Laux,I / Li (3.17)

   f-chart      f    
    .        

        Li,     
          

            Li.

138             (    
). ,        ( ,   . .)  

  , , . ., .
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99 3:    

     (   )   -
   f      (      -
 3.19)139:

 f = 1,029 · Y 0,065 · X 0,245 · Y2 0,0018 · X2 + 0,0215 · Y3 (3.18)

 0< <18,  0< <3.

           : 

 X= (Ac/Li)FRUL(FR /FR)(Tref Ta) t 1 2

 Y= (Ac/Li)FR( )n(FR /FR)[ /( )n] Hβ 3

 Ac:    , Li:    , FRUL  
FR( )n:    , FR /FR:    

- , [ /( )n]:     , Ta: 
   , Tref:  , Hβ :  

         (   
MJ/m2).  1, 2 3        

        -
         Klein140.

    ,  (       ) 
      (   
,      , -

   ,   . .).     
,  (     )     

[charts]141         f      
 . 

139      .       f-chart 
method, S. A. Klein, W. A. Beckman and J. A. Duf  e, 1976, A Design Procedure For Solar Heating Systems, 
Solar Energy, Vol 18, . 113-127, Pergamon Press.

140 S. A. Klein, W. A. Beckman and J. A. Duf  e, 1976, A Design Procedure For Solar Heating Systems, Solar 
Energy, Vol 18, . 113-127, Pergamon Press.

141         f-chart.
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100   

     (   )    -
  f      (      -
 3.19):

 f = 1,040 · Y 0,065 · X 0,159 · Y2 0,00187 · X2 + 0,0095 · Y3 (3.19)

 0< <18,  0< <3.

      (      
    )   f · Li,     -

 F          

 i i

i

f L
F

L
 

 i = 1-12 (    ).

  f-chart     Klein et al, 1976, -
          

 3.19   f            
  .
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101 3:    

  TRNSYS142         
          -
 (         )143.   
           -
  . ,        

  F-Chart,    f-chart      
144.

142 http://www.trnsys.com/,         -
.

143            . Kalogirou, 2009, . 576-
577.

144          TRNSYS, . Kalogirou, 2009, . 
577-578.
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102   

3.3      
[Solar Thermal Power Plants]

3.3.1  
         

 [Concentrating Solar Power technologies  CSP]145      
  [beam radiation or Direct Normal Irradiation  DNI]     

        ( . ., )  -
          2.000 kWh/

m2/y ( ),          
  2.800 kWh/m2/y146. 

          -
 (     ).  ( )   -
       ,  

          
 (   ).       (  -

 )        -
    147.    

          -
      ( ,  . .),    

         ( )    
    .

         
    ( - , - ) 
           ( -

 ),         
  .       

    (   )      -
  [back-up]     [fossil fuels].  

145              -
  (  )    ,      

  . 

146 . üller-Steinhagen, Franz Trieb, Concentrating solar power A review of the technology, Royal Acade-
my of Engineering, ingenia_18_Feb_March_2004, http://www.trec-uk.org.uk/resources/ingenia_18_Feb_
March_2004.pdf (10/3/2012).

147   Stirling       .
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103 3:    

   (    ) AndaSol 
1-50MWe  AndaSol 2-50MWe       2009   

          
          (   

      7,5 h       -
 )148.        

    [Compined Heat and Power  CHP], 
           
         

    149. 

3.3.2  
  ,       
        150   -

           
       (   -

)       .     -
  (  ) ,    2  -

 ,          
  .          

     [concentrating collectors]. 
           

     [point]    [line] (  -
   ).

         -
     :

         -

       

      

148 http://www.solarmillennium.de/upload/Download/Technologie/eng/Andasol1-3engl.pdf (10/3/2011).

149 . üller-Steinhagen, Franz Trieb, Concentrating solar power A review of the technology, Royal Acad-
emy of Engineering, ingenia_18_Feb_March_2004, http://www.trec-uk.org.uk/resources/ingenia_18_Feb_
March_2004.pdf (10/3/2012).

150      [solar  eld]      -
 .
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104   

     

     

         -
  [concentration ratio C]151.     -

            
      .  -

       (    -
         

 )         
  (      ). 

         
     [trackers]152 ,      -

  ,       
   .

          
      [absorption coef  cient aabs] 
   (    [short-wave])   

 (         )   -
    [emission coef  cient].

          -
            

   .          (  
    ),       -
         (   

   ,   400ºC  600ºC).    
    ’       [thermal oil] 

   [molten salt]153,   ,     
     154.

151              -
  .         600-1.000 

(     ),  3.000 (        
«Stirling»), 50-90 (       )  25-50 (   -

    Fresnel).

152             
  [heliostats].

153  NaNO3, CaCO3.

154         ,       
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105 3:    

   (    )     
   155 (     

  Clausius-Rankine)       -
.          

(          
156).

3.3.3    
       ( -

  Concentrating Solar Power plants)     
    .      

      [concentrator]   -
,     [receiver or absorber],    

  [transfer medium]   157    -
  [power conversion unit],       

 .    ,    
 « »        -

.  (2011)         (4).

     [parabolic trough-
shaped mirror reflectors]

    Fresnel [linear Fresnel systems]

        [central 
receiver plants   solar tower]

   .  ,       
             -

     .         
,             .

155               
            ( -

 )           (  ).

156                
          .     

           :    
( )       ( )       

        (  « » -
  emf)    .

157         [storage medium]     
   .
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106   

    [parabolic dish  Dish-Stirling Sys-
tems]. 

            
     (          

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

      ( . .,  )    
           158. 

)        
[Parabolic trough-shaped mirror re  ectors]

        
     .    

           
  [absorber pipe]       

. 

 

  
 

 

 

 3.20       .
( : U.S Department of Energy)

158               -
  project Solar2 California USA  Kaltschmitt et al, 2007, . 188-189.
 .    Andasol 1-3   http://www.solarmillennium.de/upload/Down-

load/Technologie/eng/Andasol1-3engl.pdf (12/3/2011).
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107 3:    

     (   ),    (  
)        . 

 

  

 

 3.21         
      .

( : commons.wikimedia.org)
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108   

  ( )        
  (     )    -

            
-  [trough].        
 -         

    [single axis tracker].      
           -
 40-70%159.

   [absorbers]    -
          -

   .      400ºC   
          95%,   

     0,14160. 

 3.3       Kramer Junction ( -
 ).

( : commons.wikimedia.org)

159 Kaltschmitt et al, 2007, . 195.

160 Kaltschmitt et al, 2007, . 197.
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109 3:    

         -
       [synthetic thermal oil]. -
          
      400ºC (  ).   

          12-16 
bar161.             -

    .       (  
   )      ,  

  ,       
    162. 

H          -
       ,    -
    . 

         -
163             

 ( )   (      ).

   ( . ., Andasol 1,2)    
          

(28.500 t   ,      )  
        7,5 h      

  164.

  165      
      (     ) -

 21%166.   Andasol 1,2 (50 mW  )     

161 Kaltschmitt et al, 2007, . 198.

162       .   . Kaltschmitt et al, 2007, . 198.

163  ,     9  (    Solar Energy Generating Systems /
SEGS)      Mojave        

    (http://www.nrel.gov/csp/troughnet/power_plant_data.html).   
 project SEGS (              3rd joint 

report from Greenpeace International, the European Solar Thermal Electricity Association (ESTELA) and IEA 
SolarPACES since 2003, http://www.greenpeace.org/international/en/publications/reports/concentrating-
solar-power-2009/, http://en.wikipedia.org/wiki/Solar_Energy_Generating_Systems . .

164 http://www.solarmillennium.de/upload/Download/Technologie/eng/Andasol1-3engl.pdf (3/5/2012).

165        . 

166 ESTIA, 2005, Concentrating solar thermal power-now, http://www.solarpaces.org/Library/CSP_Docu-
ments/Concentrated-Solar-Thermal-Power-Plants-2005.pdf (10/3/2012).
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110   

2009       ~28%,     
~15%167.

)       Fresnel 
[Linear Fresnel Re  ectors/LFR]
          

   [trough re  ectors],      
     (   ).     

          
         ( ). 
   ( )       -

        [linear receiver]168.  
          (   

)    1,2 m    .     
   (   ~270ºC   55 bar169)   -

 .          
 .        

167      «solarmillennium» http://www.solarmillennium.de/
upload/Download/Technologie/eng/Andasol1-3engl.pdf (10/1/11).

168  7,40 m.        . 

169       PE 1 Novatec Fresnel Plant 1,4 MW    -
 http://www.novatec-biosol.com/  les/mne0911_pe_1_borschure_eng.pdf (23/5/2011).

 
Fresnel

 3.22       Fresnel.
( : U.S Department of Energy)
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111 3:    

   170,        -
.

            -
       . , 

          
   [trough re  ectors].      171 

   2008       
       1 MW  Liddell,  -

,     2003172.   2009    
(PE 1 Novatec Fresnel Plant)  1,4 MW      

 173,          2008 
  5 MW174.       -

      .

         
  Fresnel      

      .    
           -

          
    175.     

 (       )   
           -

  ,       176.

170               (     
   ),       ( )     

  (        )     . 

171   Kaltschmitt et al, 2007, . 197.

172 . Kaltschmitt et al, 2007, . 197  Lovegrove K., Dennis M., 2006, Solar thermal energy systems in 
Australia, International Journal of Environmental Studies Vol. 63, No. 6, . 791–802.

173 http://www.greenpeace.org/international/en/publications/reports/concentrating-solar-power-2009/
p30 (3/5/2011)  http://www.novatec-biosol.com/  les/mne0911_pe_1_borschure_eng.pdf (13/5/2011).

174   . http://www.nrel.gov/csp/solarpaces/project_detail.cfm/projectID=37?print  
http://www.solaripedia.com/  les/244.pdf (14/5/2011).

175 http://www.novatec-biosol.com/index.php?article_id=43&clang=1 (17/01/11).   -
         «  »  , 

     (      )   «  -
»,           1,2 m    .

176            (4) -
 , . http://www.greenpeace.org/international/en/publications/reports/concentrating-

solar-power-2009/ (20/01/2011).
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112   

)          
 [Central Receiver Plants or Solar Tower]

         
 ,  ,   (   -
  100 m2).   [mirrors]    -

         tracking  .  
         

   (  ).    (  600-1.000 -
)           
 800ºC   1.000ºC177.        

  (         ),  
  .

  

 « »

 

 

 3.23         
 .

( : U.S Department of Energy)

   1980   1990       
 -  178.    -

177 http://www.greenpeace.org/international/en/publications/reports/concentrating-solar-power-2009 
(22/1/2011).

178   . http://www.greenpeace.org/international/en/publications/reports/concentrat-
ing-solar-power-2009 (22/1/2011).
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113 3:    

       2007    Abergoa  -
 ( , )    11 MW,     

       179. 

   (20 MW)        
2009180.

 3.4       PS20  PS10 ( , ).
( : commons.wikimedia.org)

179         (     ) 150 
acres = 60 ha = 0.61 Km2 = 610.000 m2.  624   ( )    -

 120 m2     18.5 acres = 75.000 m2.     115 m  
      [receiver]. O    92%     

              
250ºC.        .      

      ~1 h  70%  .      -
    [backup]         12-15% 

  .          24,3 GWh      
  5.500       6.700  CO2.   

              
   « »     , ,    ,   

  .        http://www.abengoasolar.
com/corp/export/sites/solar/resources/pdf/en/PS10.pdf/ (10/01/2011).

180           1.255  - , 
       165 m. 
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114   

        
        181. 

)        
[Parabolic Dish or Dish-Stirling Systems] 
       ( -

concentrator),  [receiver]       -
    Stirling182      -

.         25 m.  
           

           
 .         

 ,          
.       [tracker]    -

          .  
       ,   

          ( -
 Stirling)        .

        (  
600ºC  800ºC).    ,    

     [tube receiver]      -
 [heat pipe receiver].    (      )  
          . , 

           
  183.    [    ] -

181 ’    2011           
 19,9 MW           -

      15      .  -
  2.650     185       110 GWh 

  (        25.000      
    30.000  ).          

 .   . http://www.torresolenergy.com/TORRESOL/gemasolar-plant/en  
(12/1/2011).

182    Stirling       gas turbine http://www.greenpeace.org/inter-
national/en/publications/reports/concentrating-solar-power-2009-(16/1/2011).

183     Stirling            
.
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115 3:    

           [phase-
change heat transfer medium],    . ,    

            
(   )        184  

   Stirling   .

184       .

 3.5  « »    Font-Romeu-Odeillo, .
( : commons.wikimedia.org).
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116   

  Stirling        (   
    600-800ºC),     -

  (  ,  ,   
  )          -

185.           Otto   
Diesel,   Stirling        
(     )         

.

         
             

 ( , . .,  )    ( . ., )    
    .

         
     .   Stirling   
   50-100 kW   (      2009). 

          -

185          Stirling       
 «  » http://users.kyk.sch.gr/nborbil/STIRLING_ENGINE_FYSIKOS_KOSMOS.pdf  

(12/2/2011). 
 . Kaltschmitt et al, 2007, . 206-208.

 3.24    « »  .
( : U.S Department of Energy)
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117 3:    

          
   (  - micro and mini grids)    

(  )        
 (          -
, . ., ).         

  Stirling      . H 
    (      -

  )    30%.186

186 ESTIA,         GreenPeace International 
http://www.solarpaces.org/Library/CSP_Documents/Concentrated-Solar-Thermal-Power-Plants-2005.pdf 
(12/3/2011).
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