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     105  ISO .  

  

  
 17-3 :         

  
                .   

          .        
       .          

18-3    .  

                                                 
1- International Standard Organization  
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 18-3 :       

  

                      
     .                

         (HRSG)           
           .        

      19-3     .  

  
 19-3 :        
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3-2-3             
                 

  .               
       .           

                  
  (HRSG)   .           

   .  
                   

   .                 
                   450   500 

        .                 
(HRSG)             )       

HRSG(          .  
            (HRSG)      

            .    
  (HRSG)            .        

        150       
         ) .  20-3 (        

         (HRSG)    .  
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 20-3 :          CHP  

  
       (HRSG)        CHP     

      1    .        
          .        

(HRSG)                      
                    CHP 
 .  

 1-3                 
        .  

  

                                                 
1- Supplementary firing 
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 1-3 :        
   1 2  3   4  5  

  (kW) 1150 5457 10239  25000  40000  
 HHV

(Btu/kWh) 
16047 12312 12001  9945  9220  

  27/21  72/27  44/28  30/34  37  

  
)  CHP(  

3/66  8/69  4/68  7/70  1/72  

  

4-2-3          
                     
    .          .  

  
  

1                 
          .         

                      
    .                

 10      .              
               10   

15   .  
  

                                                 
1- Recuperators 
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         .        

                
   CHP  .  

  
  

1              .      
          .        
            .         

              .  
                   .    

                 . 
               .  

                      
                    

 .  
  

     

                                                 
1- Intercoolers 
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   17-3               
  20  30          15   20     

  .                       
1   2     3         

 .  
                   

     .            
               .    

                  . 
                      
                  

  .                       
 .  
                        

                         
           .  

  

3-3    
                  .

                                                 
1- Refrigeration 
2- Evaporative cooling 
3- Thermal-energy storage 
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    .  

           (NOx)     (CO)  
   (VOC)   .       (SOx)   

 (PM)       .          
     2SO   .          

     1       SOx       .  
 SOx                
 .   SOx             

        .           
            .        

          .  
                   

  NOx CO  VOC  .              
      .              

      .           
 NOx    .                  

     CO  VOC   .  
   NOx    NO  2NO       .    

                     

                                                 
1- Distillate oil 
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    NOx    .  CO  VOC       
  . CO            .   

 CO        .  CO      
        ppm50   .    VOC        

               .        
             .  

   2CO              .    2CO 
            .           

           .  
  

    
              

 (NOx)    .                   
 .  
  

  1  
      NOx             

     .                  
      NOx   .       NOx   

 60      .             NOx   

                                                 
1- Diluent injection 
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          ppm25    .     
    NOx   42  ppm75   .     

                  
                     

       .          
                    

        .             
      CO        .  

  
        

       NOx       .     
                     

    .  
              1 (DLN)        

2 (DLE)                 
     3      NOx       .  

        NOx   ppm9          
             .    

             .     
             .  

                                                 
1- Dry low nitrogen 
2- Dry low emission 
3- Hot spots 
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    )(SCR  

          NOx       
     .             

        NOx   22 NOH    .  
SCR               )HRSG(  

                     .  
       200  425        .    

       20     .     
    150  200                 

(HRSG)    .          425  600 
                         .    

           .  
      xNO    80  90         

        .  
     SCR              

     .       5       
SCR                 . 

      SCR           
         .  
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  .    SCR     xNO    

 CO     .        
 CO     2CO      .       

      1   2     .       
CO      )VOC(         3 )HAP(      

  .  CO         CO    90   
  .  

  
   

           .      
                  925   

    .      xNO    .  
                .  

  
     

        xNO                 
     ppm/ 52         .   

                                                 
1- Palladium 
2- Rhodium 
3- Hazardous air pollutants 
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    xNO  CO              
SCR     .    HRSG         

   HRSG    .         150   370 
     .  

  

4-3    
                    

                . 
                    

                   .  
                   

     .           
              .  

  
1-4-3     

   
                    

          .         
         .  

                       
    .            
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        .            
       )  10     (   

        .  
                 
  .                  

             .  
  

    
                 

     .                
   .                    

             2000     
                .       

                      
  .                    
          .  

                       .    
                  

  .                 
        .            

 900  3500        .               
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            .         

     50  400      .  
                        

                     
  .  

  
     

                   
      5  40     .    
                   

 .                  
    .  

                         
         .           

   .  
  
2-4-3        

                        
                   

              .    
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   60  70          .  

                   
        .             

                
            .  

                   
 )HRSG(            .     

               
             .  
                          
                    

 .  
                    

                
              

    .  
  

5-3     
   CHP                   .

            )  ( 
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    .           

                
   .                  

 ) (   .       CHP     
                     

                      
          )6  18 (  .  
   2-3      )   (     

CHP          .               
 2-3                 
         .         

     CHP           
                   

  .     2-3                
)HRSG(                     

      .  
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 2-3 :    CHP     )  *(  
   1 2 3   4   5  

  
(MW) 

1 5 10 25  40  

:        
 1015 2733 6102  12750  23700  

  411 540 653  1040  1575  
  166 177 188  251  358  

   74 180 293  370  416  
  

  
508 615 779  1030  1241  

   - - - -  -  
 - - - -  -  

  2173 4246 8015  15440  27290  
 769 1402 2568  4947  8744  

  2942 5648 10583  20387  36034  
  271 402 664  1279  2260  

  47 89 164  317  559  
 217 425 802  1544  2729  

   116 177 276  532  940  
   230 431 799  1540  2721  

  3822 7172 13288  25598  45243  
*     2007 –    1     .  

  

                   
       .         4000   

                     
     .  
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        25000  50000       .
                        

  .                
      .  
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1- "Catalog of CHP Technologies", U.S. Environmental Protection Agency 

(EPA), December 2008. 

2- "Gas-Fired Distributed Energy Resource Technology Characterization", 

U.S. National Renewable Energy Laboratory, November 2003. 

3- N. Petchers, "Combined Heating, Cooling & Power Handbook: 

Technologies & Applications", The Fairmont Press, INC., 2003. 

4- "Combined Heat & Power (CHP) Resource Guide", Oak Ridge National 

Laboratory, September 2005. 

5- "The Market and Technical Potential for Combined Heat and Power in the 

Commercial / Institutional Sector", U.S. Department of Energy, Energy 

Information Adminsitration, January 2000. 

6- "Industrial Application Guide for Innovative Combined Heat and Power", 

Energy Solutions Center & U.S. Department of Energy, January 2004. 

7- "Training Guide on Combined Heat & Power Systems", European 

Commission, www.cres.gr/kane/education/3CHP_en_small.pdf. 
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 1950     .     1997       
        2000       .  

                30   250   
        500   250       .  
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       )   (         

     .              
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      .  
  

1-4     
1-1-4      

                    
      .            

)  (                   
       .               

              1       2 
   .       )    3 (

  .   4         
             .    

              .  
                60000     (rpm)  
            (AC)             

 (DC)       AC   50   )   60   (  
  .                    
     50  )  60  (   .  
  

                                                 
1- Expansion turbine 
2- Power turbine 
3- Single-shaft 
4- Two-shaft 
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             .    

                   
        .             

                       .
                 

                   
  .                   

                    
1    .                  

             .  1-4     CHP     
       .  

  
 1-4 : CHP       

  

                                                 
1- Specific power 
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2-1-4      
                    .    

                   
         AC/DC  DC/AC       50 

 )60  (  .               
                    

                      
             50  )  60  (  

  .                   
                    

   50  )  60  ( .  
  
3-1-4     

         :  
   :       30  250       

     .  
    :            200   300 

             .  
    :               

                   
    .  
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       :          40000   80000   
      .                 

                .  
:                NOx 

              )PPm10 ( .  
 :       :   )   

 Btu  (             .  
  

4-1-4      
          .  2-4           

   3-4    CHP        .  
  

  
 2-4 :      
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 3-4 :   CHP   

  
          .  

  
 –   
       –         

    .                 
                  

   .  
                       

   1    .             

                                                 
1- Axial flow 
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                     .  
        1       .  

            
    .                     

 25/0  5/2                  
             .      

          96000    )rpm) (  
  30  (  80000   )      75   ( 

  .    45      116000    .
        –         

         .      
           .  

  
  

               
                

           3000  ) 50  (  
3600  )  60  (      .       

                     
)  (       50   )  60   (     .    

                                                 
1- Radial flow 
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     .           

            .  
  

  
                   

                   .
                    

    .                
     10  15                 

       .                
           CHP   .  

  
  

                     
                     

           .        
                    

CHP        .  
                 . 

                     .
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                  .  
                    
    .  

  
   

                   
     50  )  60  (   .           

        DC        50   
)  60  (               .      

                      
               .  4-4         

     .  
  

  
  

  4-4:         

  

                 
  .  5-4  6-4          .  
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 5-4 :     75   

  

  
 6-4 :          

  
2-4    

               .     
                  

          .         
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  .                    
  :            

            .    
                   

             .  
                  

         .         
       )         (   

                   
                        

   .             
                   

        kW    .  
  
1-2-4         

                     
          .          
               

)50    (   . 7-4         
      1550   )850    (  1750 

  )950    (    .         7-4 
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                  50 
 )60  (   5     .  

  

  
 7-4 :         

  
    8-4              

    .                
        .              

          5/3  5    .  
                       

          .         
         .  9-4           

   .  
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 8-4 :          

  

  
 9-4 :       
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                     .
             .    

      )       (    
                 .  

                .
 10-4       70          

       ISO )     59       15   
  (  .  

  
 10-4 :       

  
                   

                . 
11-4          ) (   .  
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 11-4 :       

  
2-2-4            

                 
      .           

  .              
              .  

    CHP         .    
         .          

 CHP       1             
   .              

                 

                                                 
1- Heat rate 
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  . 1-4        .  
  

 1-4 :      
  1  2  3  

  (kW) 30 65  250 
 (Btu/kWh), HHV 075/15 891/13  080/13  

 )(HHV 6/22  4/24  09/26  

 )kW( 9/50 5/119  6/351  
 CHP)(HHV 8/63  2/71  64  

    55/0 53/0  69/0  

  
3-2-4         

                    
   .  

  
  

         .    )90 
 (                  

 2/3         14     29     
  .                

           .  
                  
      .           
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            .  
                  

        .       10   15   
          . 12-4      

       .  
  

  
 12-4 :         

  
   
                  

           .      
              

               .  
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            .        
               .     

              
    36  (HHV)     .  

  
     

   10-4            
                   ) 

     (           .   
              .    

                 
                   

   .  
                           

          .              
   )  (         .   

         .          
               .  

                   
    .                       

    .                 
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   .                 

                .  
                             

      .         .  
  

3-4    
           .        

           1   . 2-4  
          .  

  
 2-4 :     

  1  2   3  
  (kW) 28 65  250  

 HHV 23  25  29  
(ppmv)NOx 9 4  5  

(lb/MWh)NOx 54/0 22/0  29/0  
(ppmv)CO 4 9  5  

(lb/MWh)CO 46/1 30/0  14/0  
(ppmv)*THC 9 5  5  

(lb/MWh)THC 19/0 09/0  10/0  
(lb/MWh)CO2 1736 1597  1377  

*      

                                                 
1- Lean premixed combustor technology 
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4-4    
             .     

                     
              .  

                
                .     

                   
                   

                 
  .            
              .  

                     
                  

             .  
  
1-4-4     

   
                    

       .          
                 .        

)  (      .           
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  2000             .  
                   

    .               
         .             

                      
       .  

                   .   
                      

  .               
      .          900  3000 

     .               
                   

    .          50  400    
   .  
                       

                  
 .  
  

     
                   

          .      
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           .  

  
      

                    
       .               

         .          
      .                 

      .                 
                   

          .  
  

     
                  
                       

 .  
                     

                 .    
                   

  .               
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   .  

  
2-4-4        

                  
                    

    .            
                       

      )     (            .
                   

    1         .  
    CHP              

                      
     .             

       .           
  CHP                 

  .                  
                       

   .                    
        .  

                                                 
1- Desiccant wheel regeneration 
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5-4     
             CHP 

      .            
                .     

        CHP          .
         CHP        

                     
        .  

              CHP       
     3-4    .  

  
 3-4 :     CHP       )*(  

  1   2  3  
 (kW) 

 :    
        

30 
1290   
430   

65  
1280   
340   

250  
1410   
190   

  )  kW( 
          

1720  
710   

1620  
360   

1600  
350  

   
     

    
   )3(  

    

2430  
210   
210   
90   
30   

1980  
200   
200   
80   
30   

1950   
190   
190   
80   
30   

   2970  2490  2440   

*    1     .  
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       CHP            
 )     (   .           

                     .
 1                   

 .             30000   40000 
     .              

      .  
  

                                                 
1- Overhauls 
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1- "Catalog of CHP Technologies", U.S Environmental Protection Agency, 

December 2008. 

2- "Gas – Fired Distributed Energy Resource Technology Characterizations", 

NREL, National Renewable Energy Laboratory, November 2003. 

3- "Combined Heat& Power (CHP) Resource Guide", Oak Ridge National 

Laboratory, September 2005. 

4-  B. F. Kolanowski, "Small Scale Cogeneration Handbook", Second Edition, 

Tke Fairmont Press, 2003. 

5- R.H. Staunton , B. Ozpineci, "Microturbine Power Conversion Technology 

Review", Oak Ridge Nationoal Laboratory, April 2003. 

6- "Powering Microturbines with Landfill Gas", U.S. Environmental 

Protection Agency (EPA), October 2002. 

7- "Training Guide on Combined Heat & Power Systems", European 

Commission, www.cres.gr/kane/education/3CHP_en_smal.pdf. 
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                 . 
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   .        50   )    
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              (CHP)    
 .  
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 .                    
                     

    . CHP    1          
                 

     .                      
            .  

                     
  .                   

       2 (HP)       3    
   4 (LP)    .          

             .       
CHP                .  

  

1-5     
1-1-5      

     5    .         
   :  
1-  1 )(2         .  

                                                 
1- Steam extraction 
2- High pressure steam turbine 
3- Intermediate pressure steam turbine 
4- Low pressure steam turbine 
5- Rankine cycle 
1- Boiler feedwater 
2- Condensate 
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2-          .      
      1 . 

3-           .     
                   

     . 

4-             .     
  ) (2           

         .         
 . 

 1-5 :         .  
  

  
 1-5 :    

                                                 
1- Superheat 
2- Back – pressure turbine 
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2-1-5       
                    

      :  
-    1     2  
-         

-     3    4 

-             

-    5       6 

- 1   

-          

-      2  3    4 

-     5     

                       
              .     

         ) (     .    
         .        

30  60    . 2-5         .  
                                                 
1- Single - stage 
2- Multi - stage 
3- Impulse 
4- Reaction 
5- Non - condensate 
6- Reheat 
1- Casing 
2- Axial flow 
3- Radial flow 
4- Tangential flow 
5- Mechanical drive 



 5 /    157 

  
 2-5 :         

  

                       
         .           

                     .
        50  80    . 3-5     

       11     .  
  

  
 3-5 :     15    
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       .          

                      
          .  

                   )    (
    .           .  

          )  (       
                     

      .              
1 ) 4-5 (     2 ) 5-5 (  .       

                 
    .  

  

  
 4-5 :          

                                                 
1- Straight flow 
2- Dual – flow 
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 5-5 :         

  
                 .       

                    
               .        

                   
              .     
                    

              .  
     )  (           

       .             
             .  6-5      

        .  
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 6-5 :        

  

                 .     
                    

       .           
            .  

                     
         )     (    

   .                 
            .      

       .               
                   
 .                 

                     
     .  

    7-5  8-5             
   .  
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 7-5 :        

  

  
 8-5:          

  
                     

 CHP          ) (     
   .  
 9-5      CHP           
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 9-5 : CHP              

  
3-1-5     

 :           100     
     .  

    :                
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      .  
      :                    

            .    
         .  
      :            .    

                         
          .  
   :                    

        .  
   :                

 CHP   .              
          .  

  
4-1-5       

                   .    
9-5            .   10-5   12-5     

           .  
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 9-5 :        

  

  
 10-5 :     
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 11-5 :     

  
 12-5 :          

  
                  

    .                   
               .     

              1       
                                                 
1- Heater 
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                  .
           .  

  
    

                  
    .               

      .           
        )       (  

          .  13-5  14-5      
      .  

  

  
 13-5 :   6    
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 14-5 :     14   

  
                  .

         1     .       
                     .

             ) (     
  .                  

                 .     
                      

                      
 .  

                         

                                                 
1- Turbine casing 
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           .         
                          

                        
  .                  

                      . 
                      

             .        
                       .  

                       
      .              

        .  15-5        
            .  

  
    

                  
                   

   .                1          
 2   .    16-5   17-5               
      .  

  

                                                 
1- Single - casing 
2- Multi - casing 
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 15-5 :              

  
 16-5 :      
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 17-5 :       

  

  
 18-5 :       
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  .                    
    .                  

     .             
      .            

     .      )50  (         
      3000    (RPM)        

  1500    (RPM)   .        
  14000        .          

    .  
                

   .             1    
                .  19-5 
            .  
                    .  

                 
                .

               2 
            3            

                                                 
1- Fly - ball 
2- Set - point 
3- Actuators 
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 )    (         .  
  

  
  

 19-5 :          

  
                     

              1     
        . 20-5       

   .  
  

                                                 
1- Redundant 



 5 /    173 

  
 20-5 :      

  

   
                     

       .  1      
   .                   

  .                 
     .  21-5                  

 .  
               2   . 

                   )    
 (     .          

                                                 
1- Throttling valves 
2- Trip valve 
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 21-5 :     

  
                      

                    
  .            .  

                 .    
     1           

             .  22-5       
)  (     )  (   .  

                                                 
1- Over – speed control system 
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 22-5 :          

  
                     

   .             23-5 
 26-5   .  
  

  
 23-5 :  500      
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 24-5 :  3500   GE

  

  
 25-5 :  20   ABB  
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 26-5 :  50     

  
  

                  
            .      

   1   .            
                 .       

                     
   .  

                                                 
1- Surface condenser 
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           – 1    .    
                      .

                         
             .  27-5   

      .  
  

  
 27-5 :     

  

2-5    
                         

      .                
                       .

                 

                                                 
1- Shell – and - tube 
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  .                
      .  

  
1-2-5       

     )    (            
  1 )      (        .  

          ) (   
  .    28-5                
       :  
1- A-B :          ) ( 

 .          :  
)1-5(                                    )( ab hh   
2- B-C :            .   

     :  
)2-5(                      )( bc hh       
3- C-D :                   

     .        :  
)3-5(                                  )( dc hh   
4- D-A :                

   .        :  
)4-5(                        )hh( ad       

                                                 
1- Turbine pressure ratio 
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ah  :  a  

bh :  b  

ch :  c  

dh :  d  

  
 28-5  :       

  

    29-5    –  (P-V)  –  (T-S)     1 
         .  

  
 29-5  :   –   –           

                                                 
1- Mollier diagram 
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      29-5         –        
  )1-4 (  )3-2 (      )2-1 (   

   .             .   
 –                     
                .   

                
) -  (     29-5   .  

                    
 :  

)5-5(  
)(

)()(

bc

abdc
hh

hhhh
  

   –    =th     

            )            .(
:  
  

)6-5(  
)(
)(

bc

dc
hh
hh

  
     =th     

     1 (TWR)    2 (TSR)       
                      

 :  

)7-5(                                    
)(

)(
dc hh

TSRTWR 3413  

     TWR           (lbm/kWh)  (hc-hd)   

                                                 
1- Theoretical water rate 
2- Theoretical steam rate 
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    (Btu/lbm)  .  
            TWR       
 .  

             TWR     
 :  

)8-5(                )( bc hhTWR         
)9-5(              )( dc hhTWR          

                :  

)10-5(                                    3413
)( dc hhm

W  

     W    kW  m           
 .  

                     
       .           

                . 
                  

 . 30-5            .  
                    

   .                 
                     

    .      :  

)11-5(                                  
idealhh
actualhh

dc

dc
T )(

)(  
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 30-5  :       

  
     1 (AWR)      :  

)12-5(                            
actualhh

TWRAWR
dcT )(

3413  

                        
 .  

)13-5(                  actualhhAWR bc )(     
)14-5(                actualhhAWR dc )(      

       )( aW  kW       :  

)15-5(                  34133413
actualhhmidealhhm

W dcdcT
a

)()(  

   m       .           
           3413  2545   .  

  

                                                 
1- Actual water rate 
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2-2-5            
              

                   
        .            

                  
  .  

            36 (HHV)    
 )             (    10  (HHV)   
     )     (  .  

                      
                 .

         65 )       1000 
 (   90 )    (   .    

        50  .  
  

3-2-5             
                   

                   .
                      

  .                    
        .          
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               .         
                .  

      CHP                 
     05/0  02/0  .                
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1- "Cotalog of CHP Technologies", U.S. Environmental Protection Agency, 

December 2008. 

2- N. Petchers, "Combined Heating, Cooling & Power Handbook: 

Technologies & Applications", The Fairmont Press, 2003. 

3- "Gas – Fired Distributed Energy Resource Technology Characterizations", 

NREL, National Renewable Energy Laboratory, November 2003. 

4- "Combined Heat & Power (CHP) Resource Guide", Oak Ridge National 

Laboratory, September 2005. 

5- "Industrial Application Guide for Innovative Combined Heat and Power", 

Energy Solutions Center & U.S. Department of Energy, January 2004. 

6- "Training Guide on Combined Heat & Power Systems", European 

Commission, www.cres.gr/kane/education/3CHP_en_small.pdf. 
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1- "Catalog of CHP Technologies", U.S. Environmental Protection 

Agency, December 2008. 

2- "Gas-Fiered Distributed Energy Resource Technology 

Characterizations", National Renewable Energy Laboratory (NREL), 

November 2003. 

3- "Combined Heat & Power (CHP) Resource Guide", Second Edition, 

Oak R.dge National Loboratory, September 2005. 

4- "Fuel Cell Handbook", SixthEdition EG & G Technical Services 

Inc., November 2002. 

5- M. Pehnt, M. Cames, C. Fischer, B. Praetorius, L. Schneider, K. 

Schumacher, and J. peter, "Micro Cogeneration, Towards 

Decentralized Energy Systems", Springer, 2005. 

6- L.M. Chamra, P.J. Mago, "Micro CHP, Power Generation for 

Residential and Small Commercial Buildings", Nova Science 

Publishers, Inc., 2009. 
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1- A. Thumann, D. Paul Mehta, "Handbook of Energy Engineering", 

Fifth Edition, The Fairmont Press, Inc., 2001. 

2- "Catalog of CHP Technologies", U.S. Environmental Protection 

Agency, December 2008. 

3- A.M. Borbely, J.F. Kreider, "Distributed Generation: The Power 

Paradigm for the New Millennium", CRC Press, 2001. 
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1- "CHP Project Development Handbook", U.S. Environmental Protection 

Agency (EPA). 

2- "Procurement Guide: Selecting a Contractor/Project Developer", U.S. 

Environmental Protection Agency (EPA), www.epa.gov/chp/documents/ 

pguide_select_contractor.pdf. 

3- "Procurement Guide: CHP financing", U.S. Environmental Protection 

Agency (EPA),www.epa.gov/chp/documents/pguide_financing_options.pdf 

4- "Procurement Guide: CHP Siting and Permitting Requirements", U.S. 

Environmental Protection Agency (EPA), www.epa.gov/chp/documents/ 

pguide_permit_reqs.pdf. 

5- "Industrial Application Guide for Innovative Combined Heat and Power", 

Energy Solution Center & U.S. Department of Energy, January 2004. 
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1 Btu/h ft F  = 1 Btu/h ft R 

    = 12 Btu in/h ft2 F 

    = 7307/1  W/mk 

 :  
1 Btu/lb  = 326/2  kJ/kg 

1 Btu/ft3  = 039338/0  MJ/Nm3  

       :  
1 Btu/h ft2  = 1546/3  W/m2 

   :  
1 Btu/h ft2  = 3497/10  W/m3 

   )(  
1 Btu/h ft2 F = 6784/5  W/m2k 
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 T 1012  =1.000.000.000.000  
 G 109  =1.000.000.000  
 M 106  =1.000.000  
 k  103  =1.000 
 h  102  =100 
 da 101  =10  

 d  1-10  =1/0 
 c  2-10  =01/0 
 m  3-10  =001/0 

  6-10  =000.001/0  

 n  9-10  =000.000.001/0  

 p  12-10  =000.000.000.001/0  

 f  15-10  =000.000.000.000.001/0  

 a  18-10  =000.000.000.000.000.001/0  
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