
9.1 
           -

           -
           1960  

          -
.          

          -
 .           
       .     

         
       :   , 
             
     ,      
   .

9.2      [tidal energy]

9.2.1 
     [tidal energy]      

       (Kaltschmitt et al, 2007).   
        ,   (  
 )     :      

      ,     -

9 
  , 

,  
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348   

         (    
   )        

.             
    ,          . 

’              
  .          -
       .   

          -
           -

          .1

9.2.2  
            

    .      
    ,      

 787 . .2          
,            -

            -
   [waterwheel].       

          3. 
  ,        -
    ,     

            
.         2010 

   4.      
         St Malo (La Rance Estuary). 

  240 MW (    ,     
          -

    1.000 MW)      1961-
1967.        (     

1    . Boyle, 2004, . 198-203,  Kaltschmitt et al, 2007, . 27,  
 http://www.gcktechnology.com/GCK/Images/ms0032%20  nal.pdf (7/4/2011).

2 . Ocean Energy Council    http://www.oceanenergycouncil.com/index.php/
Tidal-Energy/Tidal-Energy.html (17/5/2011).
3    1580    London Bridge      -

             250 .
4 http://www.gcktechnology.com/GCK/Images/ms0032%20  nal.pdf (12/2/2011).
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349 9:    , ,  

    1975)       .  
       (Annapolis 18 MW 

   Nova Scotia, 1984),   (Kislaya Guba 0,4 MW 
 Murmansk, 1968)    (Jangxia 3,9 MW     

, 1985). 

9.2.3       
   

            -
     :

          -
      5

        -
      [tidal streems]6.

)  [barrages]
          -

     -     
       (  )   -

      (     ).  
           

.        :  
,       ,  -

    (       -
)             .

       [ebb]    
  [ebb generation],       -

 [  ood]     ,       [basin]. 
           (    
           

5    . Boyle et al, 2004, . 204-209  Kaltschmitt et al, 2007, . 503-
504.
6    . Boyle et al, 2004, . 230-240.
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350   

   )        -
        .   

     7,   (  
   )      

 (    ’     )     
     8. 

,            
         [ebb generation], 

      [  ood generation] (    ’ 
  )      [two-way generation]9. , 

    ( ’         -
,         -

         )   
    10. 

 ,      [sluice gates]    
      ,     [ship locks]  

     .

      12,4 h,    -
            

24,8 h. , ’         -
  ,        

  ’   24 .          
             

         24 , 

7   -        -
.

8                
 ,           
 ,           

      .        
    16,4 m  Bay of Fundy  .           

 .  [table 1]    http://www.gcktechnology.com/GCK/Images/
ms0032%20  nal.pdf (10/6/2012). 
9           (Annapolis)    

   (La Rance, Kislaya Guba).
10 http://www.gcktechnology.com/GCK/Images/ms0032%20  nal.pdf.     

           (   -
)      (Kaltschmitt et al, 2007, . 503).
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351 9:    , ,  

 9.1      -
     [  ood]    [ebb]. 

( : commons.wikimedia.org)
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352   

          (  -
   )            

  (     )     
       (   

).

 9.1   Rance Tidal Power Station       
         Rance,   

 .          
      1966,      250 MW    

     . 
( : commons.wikimedia.org)

)      [tidal streams]
             -

       11    -

11                
  ,  ,           -

,             
              
         .
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353 9:    , ,  

12.           
  [channels],        . 

           
 .  ,        
 .           3,6 GW 
              6,1 

GW     Pentland Firth  .13

           -
      14,    

  .        -
         . 

             
 ,         -
   (d),   (A)      ,   
       :

 P~d   A  v3

             
  (3 ms-1  7 ms-1 ),       -

               
          ,  

  . 

12    Boyle et al, 2004, . 230, ’       
 [tidal streams],             

 .  ’   ,    ’     
   Gulf Stream,          

             
 . ,               

    [ocean currents  ocean streams].
13 Boyle et al, 2004, . 230.           

    . http://www.tidalenergy.eu/tidal_energy_uk.html (10/8/2011).
14       « »      

  .   . http://www.gcktechnology.com/GCK/Images/ms0032%20  nal.
pdf (7/9/2011)   Boyle et al, 2004, . 232-38.
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354   

 9.2          
     [tidal energy converter] (TEC). 

( : commons.wikimedia.org)

,           
    (       )  

  ’     ’    -
    ,     -
    .       ,  

           
   ,      
      15.

15 ,                
               

 .             
              -

 .            
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355 9:    , ,  

     

          
         -
      -   -
        , 

            
 .           

          
  16.         -

            
    (         
 ).         -

 –        
   .      -

            
   (    ’ ,   La 

Rance Estuary  )        
 .    ( )    

  (   Severn Barrage   )17.

   ’   .          
     , . ., Kaltschmitt et al, 2007, . 509.

16               
,         .

17               
      (        , -

       )    «  » [feasibility 
study]      2010.     «      

      ,      
 ,              

       » http://www.decc.gov.uk/en/content/
cms/meeting_energy/wave_tidal/severn_tidal_power/severn_tidal_power.aspx. (10/9/2012).
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356   

        -
,      (    )  

             
 18. 

,       -
-         ’ 
          

       .    
( - )   :

          -
          (  

 ).       ( , 
),      19   

         .  , 
           

            
          

    .        
   ,       

         .

        -
          (   ),  
   ,      . 

,           
          -

20.

18           .      -
 .                

   .              
               

          (   ) .
19    . Boyle et al, 2004, . 210-14.
20    La Rance      ,    -

  Annapolis        .      
           

      ,      [  sh pass]    
 .
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357 9:    , ,  

   (     Severn Barrage)  
       . ,  

       [ship locks] 
      (     
   La Rance).

      (    
 21)    .   -
     ,      

          -
.        -
             -

  .

      La Rance Estuary    
   (       -

  )        
         , 

            
         .   

           
  (          -
 ),      .     

   (  )  
(      )     

 (    ) 22.    
(          ,   

  ,         -
)         

      Severn Barrage (Boyle et 
al, 2004). 

21          ,       -
             -

             -
 .

22 . Boyle et al, 2004, . 211. ,           -
  La Rance Estuary            (  

  , EDF).
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358   

9.2.4     
   ,   2010    -

        (   
     - ).   ( -

-   )       -
 (  )       (  )  :

          -
           

       .

     kWh (    ) 
     .

   ( )       -
,        ( ’   ) 

    .

        
(   )         

.

    (   )     
        23  
 ’     .

        -
        .24

         -
         (   

       )    -
         (  

 )   . 

23      (      ,     
  , ,   )        -

    . 
24                

      .       
             (    

     , , . .,      ).
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359 9:    , ,  

              
   . ,      

        (   -
 ),           

        .  .  
         -
           -
 ’   .         

          [tidal 
streams],            

         
 .

         
            -
         , -

   .        
  ,        -

    .      
            

  .

09_ANANEOSIMES PHGES ENERGEIAS.indd   35909_ANANEOSIMES PHGES ENERGEIAS.indd   359 29/4/2013   3:37:00 29/4/2013   3:37:00 



360   

9.3  
           

          -
        ,   

  (   ) [Ocean Thermal Energy 
Conversion  OTEC].

9.3.1    
 20%           

           
  .       

           
  25.          -

          .   
9.3           

        .

 
 

        1.000 m

  18 °C

18 °C   20 °C

18 °C  20 °C

22 °C  24 °C

  24 °C

   1000 m

 9.3            
    1.000 m     . 

( : commons.wikimedia.org)

25 Kaltschmitt et al, 2007, . 506.
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361 9:    , ,  

         -
      22ºC  28ºC   

 ,      (   1.000 m)    
   10ºC ’     .    -
 ,        (  

   )      -
       Rankine [Open  Closed Rankine 

 ORC processes].          
    26.        

     (  4-7ºC  1.000 m),   
       (  22-28ºC).  

          
   ,        

(  )   20 .       -
           

  1-3%27.          -
   .         

  1 MW      4 m3/s   2 m3/s. 
             

       100 MW    -
         Colorando   28. 

9.3.2   
         

 -        -
.            

     .  ,  
1979          50 
kW   ,        210 
kW      1993  1998.    -

-         -

26          ,      -
  ’            

.
27 Kaltschmitt et al, 2007, . 507,       ( )   
~7%, Breeze, 2005, . 2060.
28 Breeze, 2005, . 207.
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362   

       40 MW.     
           
  2,5 MW. 

          
  .            

500 m,     1.000 m  .    
        2.000 m      
   ,       -

   29.

 

 
  

-
 15°C

 
  

-
 10°C

 
  

-
 5°C

  - 

 -1
00

0 
m

 

 9.4       Rankine    
  [working  uid]  . 

( : commons.wikimedia.org)

          -
     .   ’  

             

29 Breeze, 2005, . 206.
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363 9:    , ,  

     1.000 m         -
30,            

           . 
          -

    ,     -
       [moorings]   

.

   

  , ,     
,          
         

   .     
           

   1.000 m        . 
          

    20 m,         -
   60 m.        -
         

          
    . 

        -
         -
           

  [biofouling].     
   ,   ,     -

  31.

    [offshore]   -
        

 ( ,  . .)      -
      .

30    40 MW              
3,5 km.
31 Breeze, 2005, . 210.
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364   

9.4    
           -

     .     
         (   

  )   .      
          

      .   9.5 -
              
     (kW m-1)     .

 9.5              
 (kW m-1)     . 

( : www.geni.org) 
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365 9:    , ,  

          
 (     )     -

            -
   .       

   [off-shore devices]        
         -

 .

9.4.1   
’           

          
 100 ,         1970   

          32. 
          

        .  
1985           
350 kW    TAPCHAN [TAPered CHANnel].     

            
        .   

         
   ,       -

      33,      
     .   1989    Islay  

    Queen’s University  Belfast    Oscillating 
Water Column (OWC),    1991   1999 (    ) 

      34. 

      .     
 1990-1999,         , -

,  . .        
         

   35.     

32   .        .
33   Boyle et al, 2004, . 300-301.
34   . . ., . 301-302.
35   . . ., . 324-331.
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366   

         -
     . 

9.4.2         
     

   -       
         -

          
 - .       -

            
          -

.           
-             , 

           . 
      ’   - 36. 

)  -     
   

    [Oscillating water columns]

           -
          

37.            
     .         
             

       .      -
             

    .       
         -

           
   .

36       Breeze, 2005, . 211-214   Boyle et al, 2004, . 312-
323.
37     ,   . .
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367 9:    , ,  

 

 9.6           
[Oscillating water column].
( : mpoweruk.com)

   [Tapered channels]

        .  
      1985      -

    TAPCHAN [TAPered CHANnel].      
           

            
 (  )   .     

:            
 .     ,         

      . ,      
             

             
        .    

      .

          -
     38.

38 Breeze, 2005, . 212.
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368   

  

 9.7        
   [Tapered channel].

( : mpoweruk.com)

   [Oscillating  aps]

H           
           -

.           
   pendulor    .   
              

           
  .  ,       

  ,        
       ,    

   .

       ,   
    200 kW       -

39.

39 . . . 213.
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369 9:    , ,  

 

  

 

 9.8        
    [Oscillating  ap].

( : worldenergy.org)

)   -     
   

 -         
          .  -

           
           

           -
        ’   

  .        
’   - .

   [  oat pumps]

          ( , 
, )        :   

            
      .      

   (      )    
 ,        40.

40   . Breeze, 2005, . 213  Boyle et al, 2004, . 317-330.
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370   

  [water snakes]

    Pelamis       (   
   )       -

     .      
  .          

           -
  .        750 kW, 

 150 m,  3,5 m      41. 
          

   .42

 9.2   Pelamis       .
( : Pelamis Wave Power)

41 Boyle et al, 2004, . 322,   . http://www.oceanpd.com. 
42 http://www.oceanpd.com.
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371 9:    , ,  

   [Piezoelectric devices]

           
Energy Harvesting Eel       -

  .      43 .  
           -

       44. 

     

          ’  
    .     , 

    .       -
          

     .      -
    ’     -

    .      
  ,        

           
   . 

43      ,      ,    
       .

44   . George W. Taylor, Joseph R. Burns, Sean M. Kammann, William B. Powers, and Tho-
mas R. Welsh, 2001, The Energy Harvesting Eel: A Small Subsurface Ocean/River Power Generator, IEEE 
Journal of Oceanic Engineering, vol. 26, no. 4, October.
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