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1.  

 1.1  1-2 

 1.2  LED 1-5 

 1.3  1-8 
 

2.  

 2.1  2-1 

 2.2  2-4 

 2.3  2-8 

 2.4    2-12 
 

3.  

 3.1  3-1 

 3.2  3-4 

 3.3  3-8 
 

4.  

 4.1  (Chil ler) 4-1 

 4.2  (chil ler)  4-4 

 4.3  (Cool ing tower) 4-7 

 4.4  4-10 

 4.5  4-13 

 4.6  4-17 

 4.7  4-20 



 

 

 

 

 

5.  

 5.1  5-1 

 5.2  5-5 

 5.3  5-8 

 5.4  5-11 

 5.5  5-14 

 

 

6.  

 6.1  6-1 

 6.2  6-4 

 6.3  6-7 

 6.4  6-11 

 6.5  6-14 

 6.6  6-17 

 6.7  6-20 

 6.8  6-23 

 6.9  6-26 

 6.10  6-29 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1  
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1)    :  

 

2)    :  

3)    :  120  

4)    :  

 

5)    :

  

    

 

6)   :

  

 

7)    

1)  

2) 

 

 

8)    

 

 

 

 

 

 

 

 

 

 

 
 

 

 

   

11.04 26,496 92,736 

7.73 18,547 64,915 

3.31 7,949 27,822 

 18,000  

0.65  
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9)     

 

 T8   36  W/  

   10   W/  

   120   

    2   

   8    

      300    

      3.50  / kWh 

 

   

 =  100 % 

 =  x  x  

   =  2 x 120 x (36+10) x 1 /  1,000   

   =  11.04  kW  

   =  11.04 kW x 8 h/d x 300 d/ y              

   =  26,496 kWh/   

 =  26,496 kWh/  x 3.50 / kWh 

   =  92,736  
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 =  70 % 

 =  x  x  

   =  2 x 120 x (36+10) x 0.70 /  1,000   

   =  7.73  kW  

                              =  7.73 kW x 8 h/d x 300 d/ y              

   =  18,547  kWh/   

 =  18,547 kWh/  x 3.50 / kWh 

   =  64,915   

 

 

 =   -  

   =  26,496 – 18,547                kWh/  

   =  7,949                           kWh/  

       =  7,949 kWh/ y x 3.50               /    

   =  27,822   

 

 

 

  =  120  x 150   

  =  18,000    

 =  18,000 /  27,822 

  =  0.65  

    

           

 1 
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1)    :  LED 

 

2)    :  T8  LED 

3)    :  LED  500  

4)    :  

 

5)    :  T8  36 

 450 – 500   

 

6)    :  T8  36   

 LED  18  LED 

 T8  LED 

  

 

7)    

1)  

2)  

3)  T8  LED 

4)  

 

8)    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

23 75,900 265,650 

9 29,700 103,950 

14 46,200 161,700 

 550,000  

3.4  
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        LED  

 

9)     

 

 T8   36  W/  

   10   W/  

 LED    18  W/  

   500   

   11    

      300    

      3.50  / kWh 

  

   

 T8 =  x  

   =  500 x (36+10) /  1,000   

   =  23 kW  

   =  23 kW x 11 h/d x 300 d/ y              

   =  75,900 kWh/   

 =  75,900 kWh/  x 3.50 / kWh 

   = 265,650   

 

  

 LED =  x  

   = (500 x 18) /  1,000   

   =  9 kW 

   =  9 kW x 11 h/ d x 300 d/ y 

   =  29,700 kWh/  



 

 

 1-7 

 =  29,700 kWh/  x 3.50 / kWh  

   =  103,950  

 

 

 =   -  

   =  75,900 – 29,700 kWh/  

   =  46,200           kWh/  

 =  46,200 kWh/ y x 3.50  /    

   =  161,700  /    

 

 

 LED  500  =  500  x 1,100   

   =  550,000    

 =  550,000 /  161,700 

   =  3.40       

 

            LED 

 2 - 4 
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1)   :  

 

2)   :  

3)   :  20   

4)   :  

 

5)   :

 20 

 36 W  80  1 

  

 

6)   :

 

 

7)    

1)  

2)  

3)  

4)  

8)    

 

 

 

 

 

 

 

   

1.84 4,416 15,456 

0 0 0 

1.84 4,416 15,456 

 8,000  

0.52  
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9)     

  

   =  20   

   =  80   

   =   36   W  

    =  10   W  

   =  8  ./  

   =  300   

 

   

 = 50 %  

 T8 =  x   

    x %  

   = 80 x (36+10)  x 0.5 /  1,000   

   = 1.84 kW  

   = 1.84 kW x 8 h/d x 300 d/ y              

   = 4,416 kWh/   

 = 4,416 kWh/  x 3.50 / kWh 

   = 15,456  
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 =  -  

   = 4,416 – 0 kWh/  

   = 4,416 kWh/  

 = 4,416 kWh/ y x 3.50  /    

   =  15,456  

 

 

 = 400  

 = 8,000   

 = 8,000 /  15,456 

   = 0.52  

 

 1  

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

2  
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1)    :  

 

2)    :  

3)    :  2  

4)    :  

 

5)    :

 2  11  10 – 21 . 

 

 

6)    :  (Movement Detector) 

 soft  start  

 

 

7)    

1)  

2)  

3)  Movement detector  soft  start   

4)  

 

8)    

 

 

 

 

 

 

 

 

 

   

4.50 36,135 126,472 

4.50 25,294 88,529 

0 10,841 37,943 

 40,000  

1.05  
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9)     

  

  N =  2  

 Pm =  5.5 kW 

 Hr = 11  

 D = 365  

 CE =  3.50 / kWh 

 

 

 Po =  4.5 kW 

  Of =  100 %  

 E =   N x Po x Hr x D x Of kWh/  

  =  2 x 4.5 x 11 x 365 x 1 kWh/  

  =  36,135 kWh/  

  =  36,135 x 3.5  

  =  126,472  
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 Po =  4.5 kW 

  Of =  70 %  

 E =   N x Po x Hr x D x Of kWh/  

  =  2 x 4.5 x 11 x 365 x 0.7 kWh/  

  =  25,294 kWh/  

  =  25,294 x 3.5  

  =  88,529  

 

 

  =    -  

  =  36,135 – 25,294 kWh/  

  =  10,841 kWh/  

  =  10,841 x 3.5  

  =  37,943  

 

 

   =  2  

 Soft  Start    

=  40,000  

  =  40,000 /  37,943  

  =  1.05  

 

           

 1-2  
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1)    :  

 

2)    :  

3)    :  1  

4)    :  

 

5)    :

  

 

6)    :  

 

 

7)    

1)   

2)  

3) 

 

 

8)    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

1.19 8,568 29,988 

0.97 6,984 24,444 

0.22 1,584 5,544 

 20,000  

3.60  
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9)     

  

 37 kW 380 V 50 Hz     92.50 %  0.87 

 = 3.50 / kWh  

 = 24    

 = 300  

 = 100 % 

 

   

 = 9.5 kW  

 = 0.55 

 = 9.5 kW /  0.55             ; (  Input) 

  = 17.27 kVA     

 = 37 kW /  (0.925 x 0.87) ; (  Input ) 

  = 45.98 kVA     

 = 17.27 /  45.98 

 

Iron Loss = 37 kW x (1/ eff - 1) x % Iron Loss   

% Iron Loss   = 30 %  

Iron Loss = 37 kW x (1/ 0.925 -1) x 0.3 

  = 0.9 kW   

Copper Loss = 37 kW x (1/ eff - 1) x %Copper Loss x (Load Factor)
2
  

% Copper Loss   = 70 %  

  = 37 kW x (1/ 0.925 -1) x 0.7 x (17.27 /  45.98)
2
 

  = 0.29 kW   

 = 0.9 + 0.29 
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  = 1.19 kW   

   = 1.19 kW x 24 h/ d x 300 d/ y x 1  

  = 8,568 kWh/  

 = 8,568 kWh/  x 3.50 /kWh  

  = 29,988  
 

   

 15 kW 380 V 50 Hz    89 %  0.85  

 = 9.5 kW   ( ) 

 = 0.85 (PF ) 

 = 9.5 kW /  0.85             ; (  Input) 

  = 11.17 kVA 

 = 15 kW /  (0.89 x 0.85); (  Input ) 

  = 19.83 kVA     

  = 11.17 /  19.83 

               

Iron Loss = 15 kW x (1/ eff - 1) x % Iron Loss   

% Iron Loss   = 30 %  

Iron Loss = 15 kW x (1/ 0.89 -1) x 0.3 

  = 0.56 kW   

Copper Loss = 15 kW x (1/eff - 1) x % Copper Loss x (Load Factor)
 2
  

% Copper Loss    = 70 %  

  = 15 kW x (1/0.89 -1) x 0.7 x (11.17 / 19.83)
 2
 

  = 0.41 kW   

 = 0.56 + 0.41 

  = 0.97 kW   

           = 0.97 kW x 24 h/d x 300 d/y x 1  

  = 6,984 kWh/  

 = 6,984 kWh/  x 3.50 /kWh  

  = 24,444  

 

 

 =  -  

   = 8,568 – 6,984 kWh/  

   = 1,584 kWh/  

 = 1,584 kWh/y x 3.50  /    

   = 5,544          /    
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 15 kW                        = 20,000  

                                  = 20,000 / 5,544 

                                                       = 3.60  

 

 3 - 4  
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1)    :  

 

2)    :    

3)    : 1  

4)    :  

 

5)    :  (Flow 

Rate) 

 (Vary Speed Drive : VSD  Inverter) 

 

6)    :

 100 %  

 

 

7)    

1)  

2)  

3)  

4) 

 

 

8)    

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

33.3 239,760 839,160 

12.7 91,440 320,040 

20.6 148,320 519,120 

 89,800  

0.17  
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9)     

  

 37 kW 380 V 50 Hz 1450 rpm (4 pole) 

  =      3.50          /kWh  

       =      24               

       =      300            

 (Q1)      =     105                   m
3
/ h 

 (Q2)  =     73.5          m
3
/ h 

 

   

 = 70 % 

 = 33.3 kW 

 = 33.3 kW x 24 h/ d x 300 d/ y 

  = 239,760 kWh/  

 = 239,760 kWh/  x 3.50 / kWh  

  = 839,160  
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 100 % Flow 105 m
3
/ h  

 (P1) = 37 kW  

 (N1) = 1,450 rpm ; ( ) 

 (Ns)  = 1,500 rpm ; (  4 Pole) 

 (S) S = (Ns – N1) x 100 /  Ns 

   = (1,500 – 1,450) x 100 /  1,500 

   = 3.33 % 

 

 100 %  Flow 70 %  

  N2 = N1 x (Q2/Q1)    ; ( ) 

   = 1,450 x (73.5/105) 

  = 1,015 rpm 

 (Ns)  (N)  N2 

  Ns = N /  (1 – S)  

   = 1,015 /  (1 – 0.0333) 

  = 1,050 rpm 

 Inverter  1,050 rpm  

  Ns = 120f /  P  

 f = (1,050 x 4) /  120 

  = 35 Hz  

 

  

                       P2 = P1 x (N2 /  N1)
3
  ;( ) 

  = 37 kW x (1,015 /  1,450)
3
 

  = 12.7 kW 

 = 12.7 kW x 24 h/d x 300 d/y 

  = 91,440 kWh/  

 = 91,440 kWh/  x 3.50 /kWh  

  = 320,040   

       

 

 =  -  

  = 239,760 – 91,440 kWh/  

  = 148,320 kWh/  

 = 148,320 kWh/y x 3.50  /    

  = 519,120   
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 VSD  = 89,800  

 = 89,800 /  519,120 

  = 0.17  

 

 1 

 

 (Head) 

 (Head)  
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1)    :  

 

2)    :  

3)    :  1  

4)    :  

 

5)    :  (Standard Motor) 

 20  

 

6)    :  (High Efficiency Motor) 

 

 

7)    

1)   

2)  

3) 

 

 

8)    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

1.01 7,272 25,452 

0.83 5,976 20,916 

0.18 1,296 4,536 

 16,000  

3.53  



 

 

 

 2-13 

 

 

 

 

 

 

 

 

 (IE1)  (IE2)  

 

9)     

  

 11 kW 380 V 50 Hz 1450 rpm    88 %  0.85 

  = 3.50 / kWh 

  = 24   

  = 300  

   = 90 % 

 

   

  = 9         kW  

  = 0.84       

  = 9 kW /  0.84 ; (  Input) 

   = 10.71 kVA     

  = 11 kW /  (0.88 x 0.85) ; (  Input) 

   = 14.71 kVA     

      = 10.71 /  14.71 

               

 Iron Loss  = 11 kW x (1/ eff - 1) x % Iron Loss   

      % Iron Loss   = 30 %  

 Iron Loss  = 11 kW x (1/ 0.88 -1) x 0.3 

   = 0.45 kW   

 Copper Loss  = 11 kW x (1/eff - 1) x % Copper Loss x (Load Factor)
 2
  

       % Copper Loss   = 70 %  

   = 11 kW x (1/0.88 -1) x 0.7 x (10.71 / 14.71)
 2
 

   = 0.56 kW   
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  = 0.45 + 0.56 

   = 1.01 kW   

    = 1.01 kW x 24 h/ d x 300 d/ y x 1  

   = 7,272 kWh/  

  = 7,272 kWh/  x 3.50 /kWh  

   = 25,452                

 

   

 11 kW 380 V 50 Hz 1450 rpm    90.2 % 

 0.85 

  = 9 kW /  0.84 ; (  Input) 

   = 10.71 kVA     

  = 11 kW /  (0.902 x 0.85); (  Input) 

   = 14.35 kVA     

      = 10.71 /  14.35 

               

 Iron Loss  = 11 kW x (1/ eff - 1) x % Iron Loss   

     % Iron Loss    = 30 %  

 Iron Loss  = 11 kW x (1/ 0.902 -1) x 0.3 

   = 0.36 kW   

 Copper Loss       = 11 kW x (1/ eff - 1) x % Copper Loss x (Load Factor)
2
  

      % Copper Loss    = 70 %  

   = 11 kW x (1/ 0.902 -1) x 0.7 x (10.71 /  14.35)
2
 

   = 0.47 kW   

  = 0.36 + 0.47 

   = 0.83 kW 

            = 0.83 kW x 24 h/ d x 300 d/ y x 1  

    = 5,976 kWh/  

        = 5,976 kWh/  x 3.50 /kWh  

   = 20,916  

 

 

          =  -  

   = 7,272 – 5,976 kWh/  

   = 1,296 kWh/  

  = 1,296 kWh/ y x 3.50  /    

   = 4,536  /    
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  = 16,000  

                        = 16,000 /  4,536 

   = 3.53  

 

           

 3 - 5 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

3  

 

 

 

 

 

 

 

 

 



 

 

 

 3-1 

 

1)    :  

 

2)    :  

3)    :  1  

4)    :  

 

5)    :  (Secondary) 

 (Iron Loss  Core Loss)   

 

6)    :  Tap  (Primary) 

 (Secondary) 

 

 

7)    

1)  (Secondary)  

2)  Tap  

3)  

 

8)    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

1.89 16,556 57,946 

1.71 14,979 52,426 

0.18 1,577 5,519 

 4,000  

0.72  
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9)     

  

 1,250 kVA 3 Ph 50 Hz 22 kV – 400/230 V Off-circuit tap changer +/- 2 x 2.5 % 

  = 3.50 /kWh  

  = 24    

  = 365  
 

   

 MDB (V1) = 410 V 

 = 405 V 

 (Vr) = 400 V 

 (CL) = 1.8 kW ( ) 

  = CL x (v1 /  Vr) 
2
  

   = 1.8 x (410 /  400) 
2
  

   = 1.89  kW  

   = 1.89 kW x 24 h/d x 365 d/y 

   = 16,556 kWh/  

                            = 16,556 kWh/  x 3.50 /kWh  

                                              = 57,946  

 

 

 

https://www.google.co.th/url?sa=t&rct=j&q=&esrc=s&source=web&cd=8&cad=rja&uact=8&ved=0CDwQFjAH&url=https%3A%2F%2Fsupport.google.com%2Fanalytics%2Fanswer%2F1034378%3Fhl%3Dth&ei=HvyCVIfMPMyMuASnp4H4Dg&usg=AFQjCNEF0Kcg9odd6AopiRtTReWXJn_dPw&sig2=CLxyXwVCVOWjsxpwnFeWzw&bvm=bv.80642063,d.c2E
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 Tap  2 Tap 

 MDB (V2) = 390 V 

  = 385 V 

 (Vr) = 400 V 

 (CL) = 1.8 kW ( ) 

 

                  = CL x (v2 /  Vr) 
2
  

   = 1.8 x (390 /  400) 
2
  

   = 1.71 kW 

   = 1.71 kW x 24 h/d x 365 d/y 

   = 14,979 kWh/  

                            = 14,979 kWh/  x 3.50 /kWh  

                                              = 52,426  

 

 

  =  -  

   = 16,556 – 14,979 kWh/  

   = 1,577 kWh/  

  = 1,577 kWh/y x 3.50   

   = 5,519    

 

 

 Tap   = 4,000  

  = 4,000 /  5,519 

   = 0.72  

 

           

 1 - 2 
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1)    :  

 

2)    :  Tr.1  Tr.2 

3)    :  2  

4)    :  

 

5)    :  2  1,000 kVA 

 500 kW  575 kVA  28.75 % 

 

 

6)    :   2   Tr.1 

 Tr.2  Tr.2 

 Tr.1  Tie Bus  

 

7)    

1)  

2)  Tr.2  Tr.1 

3)  

 

8)    

 

 

 

 

 

 

 

 

   

4.47 37,464 131,124 

4.12 32,304 113,064 

0.35 5,160 18,060 

 4,000  

0.22  
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 Single Line  Tie Bus  

9)     

  

 Tr.1  Tr.2  1,000 kVA 3 Ph 50 Hz 22 kV – 400/ 230 V  

 (kVArated) = 1,000 kVA  

 (IRL) = 1.6 kW ( ) 

 (CuL) = 13.5 kW ( ) 

  = 3.50         / kWh  

  = 24              

  = 300          

 

   

 Tr.1 

 Tr.1    = 200 kW 0.86 PF  400 V 

   = 200 kW /  0.86 PF  (  200 – j118.67) 

 (kVA-actual1)  = 232.55 kVA 

 Tr.1 (IRL1)        = 1.6 kW  

   = 1.6 kW x 24 h/d x 365 d/y 

   = 14,160 kWh/  

  = 14,160 kWh/  x 3.50 /kWh  

   = 49,560  

 Tr.1  (CuL1)      = CuL x (Load Factor)
 2 

   = 13.5 x (232.55 /  1,000)
 2
    

   = 0.73 kW  

   = 0.73 kW x 24 h/d x 300 d/y 

    = 5,256 kWh/  
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  = 5,256 kWh/  x 3.50 /kWh  

    = 18,396  

 

 Tr.2 

 Tr.2    = 180 kW 0.9 PF  400 V 

   = 180 kW /  0.9 PF  (  180 – j87.17) 

 (kVA-actual2)  = 200 kVA 

 Tr.2 (IRL2) = 1.6 kW  

   = 1.6 kW x 24 h/d x 365 d/y 

    = 14,160 kWh/  

  = 14,160 kWh/  x 3.50 /kWh  

    = 49,560  

 Tr.2 (CuL2) = CuL x (Load Factor)
 2
    

   = 13.5 x (200 /  1,000)
 2
  

   = 0.54 kW  

   = 0.54 kW x 24 h/ d x 300 d/ y 

   = 3,888                kWh/  

  = 3,888 kWh/  x 3.50  / kWh  

   = 13,608                

 

  

  = 1.6 + 0.73 + 1.6 + 0.54 

   = 4.47 kW  

  = 14,160 + 5,256 + 14,160 + 3,888 

   = 37,464 kWh/ y  

  = 37,464 kWh/  x 3.50 / kWh  

   = 131,124  

 

 

   

 Tr.1 

 Tr.1 (IRL1) = 1.6 kW  

   = 1.6 kW x 24 h/ d x 365 d/ y 

    = 14,160 kWh/  

  = 14,160 kWh/  x 3.50 / kWh  

    = 49,560  
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 (Tr.1 + Tr.2)   = (200 – j118.67) + (180 – j87.17) ;  Vector 

   = 380 – j205.84 

   = 432.17 kVA 

 Tr.1 (CuL1) = CuL x (Load Factor) 
2 

   = 13.5 x (432.17 /  1,000)
 2
    

   = 2.52 kW  

   = 2.52 kW x 24 h/ d x 300 d/ y 

    = 18,144 kWh/  

  = 18,144 kWh/  x 3.50 / kWh  

    = 63,504  

 

 Tr.1 

  = 1.6 + 2.52 

   = 4.12 kW  

  = 14,160 + 18,144 

   = 32,304 kWh/ y  

    = 32,304 kWh/  x 3.50  / kWh  

    = 113,064  

  

      =  -  

    = 37,464 – 32,304 kWh/  

    = 5,160 kWh/  

  = 5,160 kWh/ y x 3.50  /    

    = 18,060  /    

 

  = 4,000  

  = 4,000 /  18,060 

    = 0.22  

 

           

 1 - 3 
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1)    :  

 

2)    :  

3)    :  1  

4)    :  

 

5)    : 

 
 

6)    :

 Capacitor Bank  MDB 

 

 

7)    

1)  

2)  Capacitor Bank  MDB  

3)  

 

8)    

 

 

 

 

 

 

 

 

 

 

 

   

8.41 60,552 211,932 

4.56 32,832 114,912 

3.85 27,720 97,020 

 240,000  

2.47  
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 Capacitor Bank  
 

9)     

  

 Tr.1   1,000 kVA 3 Ph 50 Hz 22 kV – 400/ 230 V  

 (kVArated) = 1,000 kVA  

 (IRL) = 1.6 kW ( ) 

 (CuL) = 13.5 kW ( ) 

  = 3.50 / kWh  

  = 24      

  = 300            

 

.  

   

   = 530 kW 0.7 PF  400 V 

   = 530 kW /  0.7 PF  

 (kVA-actual1)  = 757.14 kVA 

 Tr.1  (CuL1) = CuL x (Load Factor)
 2
 

   = 13.5 x (757.14 /  1,000)
 2
  

   = 7.74 kW  

   = 7.74 kW x 24 h/ d x 300 d/ y 

   = 55,728 kWh/  

                        = 55,728 kWh/  x 3.50 / kWh  

                                              = 195,048                
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 = 0.95 

 = 530 kW x [tan(cos
-1

(0.7)) – tan(cos
-1

(0.95))] 

   = 366.50               kVAR 

  = 50 kVAR  8  

   = 530 kW /  0.95 PF  

 (kVA-actual2)  = 557.89  kVA 

 Tr.1  (CuL1) = CuL x (Load Factor)
 2
    

   = 13.5 x (557.89 /  1,000)
 2
  

   = 4.20 kW  

   = 4.20 kW x 24 h/ d x 300 d/ y 

   = 30,240 kWh/  

  = 30,240 kWh/  x 3.50 / kWh  

   = 105,840                

 

 

          =  -  

   = 55,728 – 30,240 kWh/  

   = 25,488           kWh/  

     = 25,488 kWh/ y x 3.50  /    

   = 89,208          /    

 

.  

 

 THW  500 mm
2

 4  

 MDB = 20              

 = 8.85 x 10
-6

  Ohm/  ( ) 

.  

   = 3.93 x 10
-3

  20 
O
C ( ) 

 = 33  
O
C         

     

   

 (I1) = (530 kW x 1,000) /  (1.732 x 400V x 0.7 PF)    

   = 1,092.87  A 

       = 3 x I1
2
 x Rt x [1 +  (tw – 20)] x L x 10

 -3 

                    =  3 x (1,092.87)
2
 x (8.85 x 10

-6
) x [1 + ((3.93 x 10

-3
)  

    x (33 – 20))] x 20 x 10
 -3
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   = 0.67 kW  

   = 0.67 kW x 24 h/ d x 300 d/ y 

   = 4,824 kWh/  

  = 4,824 kWh/  x 3.50 /kWh  

   = 16,844                

   

 (I2) = (530 kW x 1,000) /  (1.732 x 400V x 0.95 PF)    

   = 805.28 A 

       = 3 x I2
2
 x Rt x [1 +  (tw – 20)] x L x 10

 -3
    

   = 3 x (805.28)
2
 x (8.85 x 10

-6
) x [1 + ((3.93 x 10

-3
)  

    x (33 – 20))] x 20 x 10
 -3

  

      = 0.36 kW  

   = 0.36 kW x 24 h/d x 300 d/y 

   = 2,592         kWh/  

  = 2,592 kWh/  x 3.50 /kWh  

   = 9,072  
 

 

          =  -  

    = 4,824 – 2,592 kWh/  

    = 2,232           kWh/  

                      = 2,232 kWh/y x 3.50  /    

    = 7,812  /    
 

  ( ) 

 = 55,728 + 4,824        kWh/  

    = 60,552           kWh/  

                           = 60,552 kWh/  x 3.50 /kWh  

    = 211,932                      

          = 30,240 + 2,592        kWh/  

                                                = 32,832           kWh/  

                           = 32,832 kWh/  x 3.50 /kWh  

                                             = 114,912                      

 

  ( )  

    =  -  

   = 60,552 – 32,832 kWh/  

   = 27,720 kWh/  
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  = 27,720 kWh/y x 3.50   

   = 97,020   

  

 

 Capacitor Bank   

   = 240,000  

  = 240,000 /  97,020 

   = 2.47  

 

           

 2 - 4 

 

 

 

 :  PF  

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

4  
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1)    :  (Chiller)            

 

2)    :  (Cool ing tower) 

3)    :  1  

4)    :  (Cool ing tower) 

 

5)    :  8  1 

 175  24  365 

  

  

  

 

6)   :   1  175    

 

7)    :  

 

 150  

 

8)    

 

 

 

 

 

 

 

 

 

 

 

   

109 954,840 3,065,036.40 

103 902,280 2,896,318.80 

6 52,560 168,717.60 

 19,054  

0.11  



 

 

 

 

 4-2 

 

            

        (Cool ing tower)  

9)    

 

 ; P1 = 109 kW 

 ; P2 = 103 kW 

 ; hr = 24   

 ; D = 365   

 ; CE = 3.21 / kWh 

   

      )    =  P1  x hr x D 

   = 109 x 24 x 365 

   = 954,840 kWh/   

   = 954,840 kWh/  x 3.21 / kWh  

   = 3,065,036.40   

 

)    = P  x hr x D 

   = 103 x 24 x 300 

   = 902,280 kWh/   

   = 902,280 kWh/  x 3.21 / kWh 

   = 2,896,318.80  

        

       =   ) -  ) 

   = 954,840 – 902,280  

   = 52,560   kWh/  

                       = 52,560 /  (11.74 x 10
3
) 

                                           = 4.48  toe/   
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 =  x CE 

   = 52,560  x 3.21 

   = 168,717.60   

  

 = 19,054    

 =  /   

   = 19,054  /  168,717 

   = 0.11 
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1)    :  (chiller)  

 

2)    :    

3)    : 1   

4)    :  

 

5)    :  

  :  500  4 

 2  3.29  11 

 350    

2,400 

  

 : 

 20 

 

 

6)    :

 800 TR  500 TR  2  

1) 
 

2) 
   

3)  

4) 
 

5)  

 

7)    :
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8)    
 

 

 

 

 

 

 

 
 

       
 

 

 

 

9)    

  

  785 Tonr/ hr 

  0.765 kW/  Tonr 

   0.569 kW/ Tonr 

  11 ./  

  350  

  3.56 / kWh 

  7,000,000  

 

 

 

           = 785 X 0.765  

   = 600.53  kW/ TR 

       = 600.53 X 11 X 350  

   = 2,312,040.50  kWh/  

  

   

600.53 2,312,040.50 8,230,864.18 

446.67 1,719,679.50 6,122,059.02 

153.86 592,361 2,108,805.16 

 7,000,000  

3.32  
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                                    = 2,312,040.5 X 3.56  

   = 8,230,864.18  

 

 

  = 785 X 0.569  

   = 446.67 kW 

                              = 446.67 X 11 X 350  

   = 1,719,679.50 kWh/  

 = 1,719,679.5 X 3.56  

   = 6,122,059.02  

 

 

                =  ) -  ) 

                                                 = 600.53 – 446.67  

   = 153.86  kW 

 = 2,312,040.5 – 1,719,679.5  

   =  592,361  kWh/  

 = 8,230,864.18 - 6,122,059.02  

   = 2,108,805.16    

    =  /   

   = 7,000,000 /  2,108,805.16   

   = 3.32  
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1)    :  (Cooling tower)  

2)    :  (Cool ing tower) 

3)    :  (Cool ing tower) 2  

4)    :  (Cool ing tower) 

 

5)    :  2  1.5 

 3  1  

 50% 

  

 

6)    :   (Cooling tower)  1  (

) 

 

7)    :  (Cooling tower)  1 

 

 

8)    
 

 

 

 

 

 

 

 

 

 

 

 

   

2.92 21,024 67,487.04 

1.46 10,512 33,743.52 

1.46 10,512 33,743.52 

 -  

-  
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        (Cool ing tower)  

9)    

  

 ; P    1.46  kW/  

 (Cool ing tower)  ; n1 2   

 (Cool ing tower)  ; n2 1   

 ; hr    24    

   ; D    300    

   ; CE    3.21  / kWh 

   

       ) = P x n1 x hr x D 

   = 1.46 x 2 x24 x 300 

   = 21,024 kWh/   

   = 21,024 kWh/  x 3.21 / kWh  

   =   67,487.04   

 

  ) = P x n1 x hr x D 

   = 1.46 x 1 x24 x 300 

   = 10,512 kWh/   

   =  10,512 kWh/  x 3.21 / kWh 

   = 33,743.52  

 

    =  ) -  ) 

   = 21,024 – 10,512 

   = 10,512 kWh/  

    =  10,512 /  (11.74 x 10
3
) 

     =  0.90  toe/   
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    =   x CE 

     =  10,512 x 3.21 

    =  33,743.52   
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1)    :  

 

2)    :  (Condensing Unit )  Package Unit  

3)    :  (Condensing Unit)  2  

4)    :    
 

5)    :   Package Unit   25 

 2  25 

 (Condensing Unit ) 

  

 

 Condensing Unit     

 Condensing Unit  

  

 

6)   :   condensing unit  

     

 

7)    :

 

8)    
 

 

 

 

 

 

 

   

45.15 162,540 687,544.20 

43.23 155,628 658,306.44 

1.92 6,912 29,237.76 

 3,500  

1.20  



 

 

 

 

 4-11 

 

     

40

41

42

43

44

45

46

47

48

9
:0

0
:0

0

9
:2

0
:2

0

9
:4

0
:4

0

1
0

:0
1

:0
0

1
0

:2
1

:2
0

1
0

:4
1

:4
0

1
1

:0
2

:0
0

1
1

:2
2

:2
0

1
1

:4
2

:4
0

1
2

:0
3

:0
0

1
2

:2
3

:2
0

1
2

:4
3

:4
0

1
3

:0
4

:0
0

1
3

:2
4

:2
0

1
3

:4
4

:4
0

1
4

:0
5

:0
0

1
4

:2
5

:2
0

1
4

:4
5

:4
0

1
5

:0
6

:0
0

1
5

:2
6

:2
0

1
5

:4
6

:4
0

1
6

:0
7

:0
0

1
6

:2
7

:2
0

1
6

:4
7

:4
0

Time

kW

   

37
38
39
40
41
42
43
44
45
46
47
48

9
:0

0
:0

0

9
:2

0
:0

0

9
:4

0
:0

0

1
0

:0
0

:0
0

1
0

:2
0

:0
0

1
0

:4
0

:0
0

1
1

:0
0

:0
0

1
1

:2
0

:0
0

1
1

:4
0

:0
0

1
2

:0
0

:0
0

1
2

:2
0

:0
0

1
2

:4
0

:0
0

1
3

:0
0

:0
0

1
3

:2
0

:0
0

1
3

:4
0

:0
0

1
4

:0
0

:0
0

1
4

:2
0

:0
0

1
4

:4
0

:0
0

1
5

:0
0

:0
0

1
5

:2
0

:0
0

1
5

:4
0

:0
0

1
6

:0
0

:0
0

1
6

:2
0

:0
0

1
6

:4
0

:0
0

Time

kW

 

 

9)    

 

   45.15  kW 

   43.23        kW 

   12              

    300            

    4.23  / kWh 

 

   

       =  x  

   = 45.15 x 12 x 300 

   = 45.15 kW x 3,600  

   = 162,540 kWh/  

   =    x  

   =   162,540 kWh/  x 4.23 / kWh  

   = 687,544.20   
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        =   x  

   = 43.23 kW x 12 x 300 

   = 43.23 kW x 3,600  

   = 155,628 kWh/  

   =   x  

   =  155,628 kWh/  x 4.23 / kWh  

   = 658,306.44   

 

 

         =  ) -  ) 

   = 162,540 –  155,628 

   = 6,912   kWh/  

   = 6,912 /  ( 11.74 x 10
3
 ) 

     = 0.5890 toe/   

   =   x  

   = 6,912  kWh/  x 4.23 / kWh 

   = 29,237.76  

 

  

   = 35,000     

         =  /   

   = 35,000 /  29,237.76 

   =  1.2  
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1)    :  

2)    :  5  

3)    :  

4)    :  

 

5)    :  5 

 8.30 . – 17.00 . (  

1 )  269  

Thermostat  22 
o
C 

 compressor 

 

6)    :   

   

  

condensing unit   fan coil  unit  

  25  
o
C 

  compressor 

 

  

 

7)    :  (kW) 

 Compressor  ON-Load (T1)   Off-Load (T2)  Compressor 

 
 

          ..

21

1 FL
TT

T

year
hrPowerEnergy  

     Energy          (kWh/ ) 

  Power       (kW) 

 T1               Compressor  ON-Load ( ) 

 T2               Compressor  Off-Load  ( ) 

        L.F.            Load Factor  (80%) 
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8)    
 

 

 

 

 

 

 

 

 

 

        

 

        

   

3.75 6,456 21,950.40 

3.75 5,696.47 19,368 

- 759.53 2,582.40 

 -  

-  
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9)    

  

 

 36,000 Btu/ hr  

    3.75  kW 

    8    

    269    

   3.40   / kWh 

 

 

 -   ( T1 )  1  480    

 -   ( T2 )  0 

 %80
0480

480
269875.3   

     =    6,456     kWh/  

 =  (  x ) 

  =  6,456 kWh/  x 3.40 / kWh  

  =  21,950.40        

 

 

-   ( T1 )  1  30    

-   ( T2 )  1  4   

 %80
430

30
269875.3   

     =    5,696.47     kWh/  

 =  (  x ) 

  =  5,696.47 kWh/  x 3.40 / kWh  

  =  19,368        

 

 

       =  -  

 = 6,456 - 5,696.47 

 = 759.53  kWh/  

 = 759.53 /  ( 11.74 x 10
3
 ) 

    = 0.0647  toe/   
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 =  -   

  = 21,950.40 - 19,368  

  = 2,582.40  

 

 

 



 

 

 

 

 4-17 

 

1)    :  

 

2)    :  

3)    :  5  

4)    :  

 

5)    :    5  

 1.27 TR   2 ,  1.43 TR  1 ,  2.11 TR  1  

 2.78 TR  1   8:00 – 17:00 .  

  

  8:00 – 17:00 .    

   

6)   :  

 15  

 

 

7)    :

 15  

 3,023.48 kWh/  

9,009.96  

8)    
 

 

 

 

 

 

 

 

 

 

 

 

 

   

8.86 15,549.30 46,336.91 

8.86 12,525.82 37,326.96 

0 3,023.48 9,009.95 

 0  

0  
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9)    

 

   = 8.86 kW  

   = 65 % 

   = 9 ./  

   = 300  

   = 2.98   

   = 1 . 45  /    

   = 1.75 ./  

 

   

    =  x   

    x %  

   = 8.86 x (9x300)  x 65% 

   = 8.86 kW x 2,700  x 65% 

   = 15,549.30  kWh/  

   =  x  

   = 15,549.30 kWh/  x 2.98 / kWh  

   = 46,336.91   
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        =  x   

    x %  

   = 8.86 x ((9-1.75)x300) x 65% 

   = 8.86 kW x 2,175  x 65% 

   = 12,525.82 kWh/  

   =  x  

   = 12,525.82 kWh/  x 2.98 / kWh 

   = 37,326.96  

 

 

    =  -  

   = 15,549.30 - 12,525.82 

   = 3,023.48  kWh/  

   = 3,023.48  /  ( 11.74 x 10
3
 ) 

    = 0.2576  toe/   

    =  -   

   = 46,336.91 - 37,326.96  

   = 9,009.95  
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                        = 6,073.35 /  (11.74 x 10
3
) 

     = 0.52 toe/   

 =  x CE 

                                 = 6,073.35 x 3.21 

                                 = 19,495.45  

 

  

      



 

 

 

 

 

 

 

 

 

 

 

 

 

 

5  
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1)    :  

 

2)    :  

3)    :  2  

4)    :  

 

5)    :

 

 52 

 

 

6)    :  Blower  600 W  2 

 1  1   

 

7)    :

 

 

8)    
 

 

 

 

 

 

 

 

 

 

 

 

   

32.86 3,932.50 14,943.50 

32.86 3,266.25 12,411.75 

- 666.25 2,531.75 

 4,000  

1.58  



 

 

 

 

 5-2 

 

   

 

9)    

 

 

 

  

1 1 2 3 

  

 (kW) 3.7 7.5 7.5 10 

 Load     

 (V) 220 392.1 395.1 395.6 

 (Ir ) 11.8 16.51 17.03 19.98 

 (Is ) 12.5 15.89 17.42 20.53 

 (It ) 12.1 15.29 17.85 19.44 

 (P.F.) 0.77 0.79 0.80 0.82 

 (kW) 3.56 8.53 9.54 11.23 

 ( ) 315 1,560 1,560 1,560 

 1 Bar ( ) 33 81 77 63 

 (m
3
/ min) 0.57 1.16 1.22 1.49 

 (kW/ m
3
/ min) 6.25 7.35 7.82 7.54 

 (kW/ m
3
/ min) 6.25 7.57 

 1.21 m
3
/min  

1   

 

 
-  
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  52   

   = 30      

     =  4         

    =  300       

   = 52 x (30/ 3,600) x 4 x 300 

     =  520       

     =  3.80      / kWh  

 

 

  =   

 x  x  

     =  (6.25  kW/ m
3
/ min x 1.21 m

3
/ min) x 520 hr/  

 = 7.56 kW  x 520 hr/   

     =  3,932.50     kWh/  

     = 3,932.50 x 3.80  

     =  14,943.50      

 Blower  1 

 52  

 10  Blower  

 

 

  =  Blower +  

 = (  Blower x ) 

      + (   

 x  x ) 

     = [0.60 x 10 x (30/ 3,600) x 4 x 300] 

 +[(6.25 kW/ m
3
/ min x 1.21 m

3
/ min) x 420 hr/ ] 

 = [0.60 kW x 100 hr/ ] + [7.56 kW x 420 hr/ ] 

 = 3,175.20 + 60  

     =  3,236.25     kWh/  

 = 3,236.25x 3.80   

 = 12,297.75     
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   =  -  

 = 3,932.50 – 3,266.25 

    =  666.25      kWh/  

   = 666.25  x 3.80 

     =  2,531.75      

 

    =  4,000       

    = 4,000/ 2,531.75 

     =  1.58        
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1)    :  

 

2)   :   

3)    :  2  

4)    :  
 

5)    : 

 9.80 Barg 

  

  5.0-7.0 Barg 

 
 

6)    :  

 9.80 Barg 

 7 Barg 

 0.5 Barg  

7 Barg   
 

7)    :

 7,128.58 kWh/  

25,163.89   

 

8)    
 

 

 

 

 

 

 

   

12.36 37,020.66 130,682.92 

9.98 29,892.09 105,519.07 

2.38 7,128.57 25,163.85 

 -  

-  
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9)    

  

 
 

 
kW load   =  (On load) 

 kW unload      =  (Unload) 

 t  load   =  Load   

 t  unload   =  Unload  
 

  

 (H) = 16  

 (D) = 312  

 (F) = 0.60  

 = 3.53 / kWh 

 (Screw Type) = 2.0  
   

 

 (W1) = 6.18 kW 

 = 6.18 x 16 x 312 x 2 x (60/ 100) 

  = 37,020.66 kWh/

  

   = 37,020.66 x 3.53  

  = 130,682.92  
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W 2 =    (kW) 

W 1 =     6.18 kW 

P 1 out    =    9.80  Barg 

P 2 out  =    7  Barg 

P in =    1.013 Barg 

k  =    1.40  

i  =    (stage)   3  Stage 

 

 

        

      

  =    4.99    kW 

 (Screw Type)  = 2.0            

 = 4.99 x 16 x 312 x 2 x (60/ 100) 

  = 29,892.09 kWh/

  

 = 29,892.09 x 3.53  

  = 105,519.07  

  

 

  (E Save) =  ) -  ) 

  = 37,020.66 - 29,892.09 

  = 7,128.57 kWh/  

 = 7,128.57 x 3.60   

  = 25,662.85   MJ/  

 = 130,682.92 - 105,519.07  

  = 25,163.85     
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1)    :  
 

2)    :  

3)    : - 

4)    :  
 

5)    :

 30 HP  1 

 

  

 
 

6)   :

 

 (Blower) 

 

1)  

 (On load)  (Un load) 

 (On load) 

 

2) 

   

3) 

 

 

7)    :
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8)    
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

  

 :  

 

9)    

  

  

 

 (On load) = 210    

 (No load)  = 342    

 = 18.762   kW 

 = 22.0 kW 

 (% Loss) = ton/ (ton+ t off) x 100% 

 = 210 /  ( 210 + 342 ) x 100%  

 = 38.04 %  

 (H) = 12  

 (D) = 312  

 (F) = 0.75  

   

18.762 20,040.88 80,360.93 

18.762 5,268.37 21,126.16 

- 14,772.51 59,237.77 

 -  

-  



 

 

 

 

 5-10 

 

 = 4.01 / kWh 

 

 

 

 = P x % Loss x H x D x F   

  = 18.762 x ( 38.04 / 100 ) x 12 x 312 x 0.75 

  = 20,040.88 kWh/  

 = 20,040.88 kWh/  x 4.01 / kWh 

  = 80,363.93  

  

 = 10 % 

 = P x % Loss x H x D x F    

  = 18.762  x ( 10 / 100 ) x  12  x  312  x  0.75 

  = 5,268.37 kWh/  

 = 5,268.37 kWh/  x 4.01 / kWh 

  = 21,126.16  

 

 

  (E Save) =  ) -  ) 

 = 20,040.88 - 5,268.37 

  = 14,772.51 kWh/  

 

 

  = 14,772.51 /  (11.74 x 10
3
) 

  = 1.258    toe/  

 

 = 80,363.92 - 21,126.16 

  = 59,237.77        
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1)    :  

 

2)    :  

3)    :  2  

4)    :  

 

5)    :

 1 

 8  273  

  

 

6)   :

 

 

7)    :

 

 

8)    

 

 

 

 

 

 

 

   

27.02 35,407.01 136,316.98 

26.15 34,266.96 131,927.80 

0.87 1,140.05 4,389.18 

 800  

0.18  
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9)    

Normal operation Reduce inlet temperature

Stage   #  1 Stage   #  1

k = k =

Volume = m
3
/s Volume = m

3
/s

density = kg/m
3

density = kg/m
3

Inlet Temp. =
o
C Inlet Temp. =

o
C

mass = kg/s m = kg/s

R = J/kg.K R = J/kg.K

P1(abs) = kPa P1(abs) = kPa

P2(abs) = kPa P2(abs) = kPa

Power input = kW Power input = kW

1.395

27.02

Energy Saving 3.21%

1.395

0.095

1.174

44.60

0.11

100

720

100

720

26.15

0.095

1.174

34.40

288.29

0.11

288.29

  

 = 1  

 = 8  

  = 273    

 = 60 % 

 = 3.85 / kWh 

 

   

 =      27.02 kW 

 = 27.02 x 8 x 273 x 60/ 100 

  =     35,407.01  kWh/  
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 =  35,407.01 x 3.85  

  =   136,316.98  

 

   

 = 26.15 kW 

 = 26.15 x 8 x 273 x 60/ 100 

  = 34,266.96 kWh/  

 = 34,266.96  x 3.85  

  = 131,927.80  

 

 

  = 27.02 - 26.50   

  =  0.52  kW 

 = 35,407.01 - 34,266.96   

  =   1,140.05          kWh/  

 = 136,316.98 - 131,927.80  

  = 4,389.18   

 

  

 2  

 = 800   

 = 800 /  4,389.18 

  = 0.18  
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1)    :  

 

2)    :  

3)    :  2  

4)    : A 

 

5)    :  

 7  7,680  

 75 KOBELCO  IHI 

 20 

 

 

 

6)   :  

 

 

7)    :

 

 

8)    

 

 

 

 

 

 

 

 

 

   

146.40 955,699.20 3,516,973.06 

146.40 515,222.40 1,896,018.43 

- 440,476.80 1,620,954.62 

 1,800,000  

1.11  
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9)    

     12  13   

1    Audit  data  A  A     

2  Hy Audit  data 7,680 7,680    

3 Factor  F1 Audit  data 0.85 0.85     

4  Ec  3.68 3.68   / kWh 

 

 

5 (FAD) Q  205 205   l / s 

6  kW Audit  data 73.59 72.81 146.40 kW 

7  E1 Hy x F1 X kW 480,395.52 475,303.68 955,699.20 kWh/  

8  B1 E1 x Ec 1,767,855.51 1,749,117.54 3,516,973.06  

9 
 

VP Audit  data 130 140   l ite 

10  VT Audit  data 5,000 5,000   l ite 

11  Po standard air 1.013 1.013   bar 

10  Ps Audit  data 5 5   barg 

11  Pf Audit  data 6.90 6.90   barg 

12 
(Load) 

t  Audit  data 72 75   sec 

13  QT 
(Pf-Ps/  Po )x(  

VT+ VP) 
9,621.92 9,640.67   l ite 

14 
 

FAD  QT/ t  133.64 128.54   l / s 

15  SECo kW/ FAD 0.551  0.566    kW/ l/ s 

 

16 
 

SECn kW/ FAD 0.366 0.366   kW/ l/ s 

17  E2 
(SECo-SECn) x Q 

x Hy x F1 X kW 
247,574.400 267,6480 515,222.40 kWh/  

18  B2 E12 x Ec 911,073.792 984,944.640 1,896,018.4   

 

19  Es E1 - E2 232,821.120 207,655.680 440,476.80 kWh/  

20  Bs Es x Ec 856,781.722 764,172.902 1,620,954.62  

 

21  Inv  900,000  900,000  1,800,000  



 12  13 
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1)    :  

 

2)    :   

3)    :  1  

4)    :  

 

5)    :  6  1 

 2   

  

 

(Flue Gas Loss)  

 

6)   :

 1 

 

   1  

 

7)    :  

  (Flue Gas Loss) 

 

 

8)    

 

 

 

 

 

 

 

   

615,099.96 9,835,448.36 492,079.97 

566,640 9,060,573.60 453,312 

48,459.96 774,874.76 38,767.97 

 -  

-  
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9)    

 

  

  

   

 = 51,258.33 kg/  

     =  x  

   = 51,258.33 kg x 12  x 15.99 MJ/ kg 

   = 615,099.96 kg/  x 15.99 MJ/ kg   

   = 9,835,448.36   MJ/  

 = 615,099.96 kg/  x 0.80 / kg  

   = 492,079.96    

  

  

 

  =   47,220  kg/  

 =  x  

   =   47,220 kg/   x 12  x 15.99 MJ/ kg 

   =   566,640 kg/  x 15.99 MJ/ kg  

   =   9,060,573.60   MJ/  

 = 566,640 kg/  x 0.80 / kg  

   = 453,312    
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                    = 51,258.33 - 47,220 

   = 4,038.33  kg/  

                                                      = 4,038.33 x 12  

   = 48,459.96  kg/  

       =  ) -  ) 

   = 9,835,448.36 - 9,060,573.60  

   = 774,874.76 MJ/  

 = 492,079.96 - 453,312   

   = 38,767.97   

 = 38,767.97 /  28,000 

   = 1.385        toe/  
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1)    :  

 

2)    :  

3)    :  1  

4)    :  

 

5)    :  1  1  

A  O2  10% 

 160
 o

C  10  

 O2  4%  

 O2

 

6)   :  

 A 

  

 

7)    :

 O2  4% 

 CO 

  

 

8)    

 

 

 

 

 

 

 

   

273,873 10,456,471.14 4,461,391.17 

269,060.26 10,272,720.73 4,382,991.64 

4,812.74 183,750.41 78,399.53 

 -  

-  
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9)    

   ; F = 273,873 l / y 

   ; D = 0.95 kg/ l  

   ; LH = 38.18 MJ/ l  

   = 40.189 MJ/ kg  

   ; Cpg = 1.39 kJ/Nm
3
.
o
C 

   ; Ta = 36 
o
C 

   = 16.29  

       

   

   (% O2) = 10 % 

   (Tg) = 160 
o
C 

  (Ao) = (0.85 x LH/ 4.187) + 2 

   = (0.85 x 40.189/ 4.187) + 2   

   = 10.158 Nm
3
/ kgfuel 

  (Go) = 1.11 x LH/ 4.187 

   = 1.11 x 40.189/ 4.187 

   = 10.654 Nm
3
/ kgfuel 

   (m) = 21/ (21-O2) 

   = 21/ (21-10) 

   = 1.91 

  (G) = Go + (Ao x ( m - 1 )) 

   = 10.654 + (10.158 x (1.91 - 1)) 

   = 19.897 Nm
3
/ kgfuel 

   (Qg)     = F x D x G x Cpg x (Tg-Ta)/ 1,000 

   = 273,873 x 0.95 x 19.897 x 1.39 x ( 160 – 36 ) /  1,000         

   = 892,405.80 MJ/yr 
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   (% O2) = 4 % 

   (Tg) = 165 
o
C 

  (Ao) = (0.85 x LH /  4.187) + 2   

   =  (0.85 x 40.189/ 4.187) + 2   

   = 10.158 Nm
3
/ kgfuel 

  (Go) = 1.11 x LH /  4.187    

   = 1.11 x 40.189/ 4.187 

   = 10.654 Nm
3
/ kgfuel 

   (m) = 21/ (21-O2) 

   = 21/ (21-4) 

   = 1.24 

  (G) = Go + (Ao x ( m - 1 )) 

   = 10.654 + 10.158 x (1.24 - 1) 

   = 13.09 Nm
3
/ kgfuel 

   (Qg)     = F x D x G x Cpg x (Tg-Ta)/ 1,000    

   = 273,873 x 0.95 x15.19 x 0.33x (165- 36)/ 1,000 

   = 708,655.41 MJ/yr 

   = [Qg ) - Qg )] /  (LH) 

   = [892,405.80 – 708,655.41)] /  (38.18 ) 

   = 4,812.74  

   = 4,812.74 x 16.29 

   = 78,399.53  
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1)    :  

 

2)    :   

3)    :  3  7.5   

4)    :  

 

5)    :

  

 95-120    

 

 

6)   :  

 

 

 

 

7)    :

  

 

8)    
 

 

 

 

 

 

 

 

 

 

 

   

1,024.78 39,126.10 20,393.12 

2.57 98.12 51.14 

1,022.21 39,027.98 20,341.98 

 6,000  

0.29  
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9)    

 

  (d)    3.0   

  (l )     7.5   

 (Ts)    98  C 

 (T2)    45  C 

 (Ta)   32.5  C 

    1.0   

   11    

      312    

   ( b)    85 % 

      75 % 

   A     38,180  kJ/  

   A     19.90   

 

   

 (Ql)  =  h x A x (Ts-Ta) 

 

      h    =   (hc+hr)  

                            hc  =  ((7.592 x [(Ts-Ta)/ d]
0.25

)   

         hr  =   e x s x (Ts + Ta) x(Ts
2
 + Ta

2
)                             

         A   =  (2 rm l )  

  

 

 

 





 

 

 

 

 6-10 

 

 

        =   ) -  )  

     =  1,024.78 – 2.57  

      =   1,022.21      

                        =  1,022.21 x 38.18 

       =   39,027.98     MJ/   

          =  1,022.21 x 19.90 

       =   20,341.98       

 

 

 3    800  

    =  800 x 7.5    

      =   6,000      

   =   /   

    =  6,000 /  20,341.98  

     =   0.29       
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1)    :  

 

2)    :  (Steam trap)  0.25  Orifice  1.6 mm 

3)    :  (Steam trap)  1  

4)    :  

 

5)    :  (Boiler)  3 

 6.5  (LPG)  

15,000   

 (Steam  trap)  0.25  Orifice  1.6 mm  

  

 

6)   :   (Steam  trap) 

 (Steam  t rap) 

 

 

7)    :  (Steam t rap) (  

0.25  Orifice  1.6 mm)  

 

8)    
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

1,368 68,714.64 22,572 

0 0 0 

1,368 68,714.64 22,572 

  10,000  

0.44  
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9)    

 

    3  . 

 ;    85 % 

    6.5   bar  

   12    

      300    

   LPG     16.50   

   LPG    50.23  MJ/  

 

   

       0.25  Orifice  =  1.6      mm  

 =  5.5     bar 

 @ 5.5 bar =  2,760.50    kJ/ kg 

  =  80     
o
C 

 @ 80 
o
C  =   334.9     kJ/ kg  

  =  0.4 D
2
 (P + 1.013) 

      =  0.4 x (1.6)
2
 x (5.5 + 1.013) 

      =   6.67      kg/  hr  

  =  6.67 x (2,760.50– 334.9) 

      =   16,178.75     kJ/ hr  

      =   16.18     MJ/ hr  

  =  16.18 /  (50.23 x 0.85) 

      =   0.38      kg/ hr  

     =  0.38 x 12 x 300 

      =   1,368     kg/  
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 (Steam trap)  

     =   0      kg/  

  

 

        =   ) -  )  

     =   1,368  –  0   

      =   1,368     kg/  

                        =  1,368 x 50.23 

       =   68,714.64     MJ/   

          =  1,368 x 16.50 

       =   22,572       

 

 

  =  10,000       

   =   /   

    =  10,000 /  22,572  

     =   0.44       
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1)    :  

 

2)    :  

3)    :  1  

4)    :  

 

5)    :

 3.0-4.0  120-150 C  6-8  

 30-33 C 

  

 

6)   :   

 110 C 

 32.0 C 

 

 

7)    :

  

 

8)    
 

 

 

 

 

 

 

 

   

78,804 2,870,041.68 2,287,680.12 

74,646 2,718,607.32 2,166,973.38 

4,158 151,434.36 120,706.74 

 45,600  

0.38  
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9)    

 

    500  kg/ hr 

 ;    82 % 

    4   bar  

 @ 4 bar    2,749  kJ/ kg 

    32  
o
C 

 @ 32 
o
C    134  kJ/ kg 

   6    

      300    

      29.03   

      36.42  MJ/  

 

   

        ; Q1  =  m w (hg – h f) 

      =  500 x (2,749 – 134) 

      =   1,307,500     kJ/ hr  

      =   1,307.50     MJ/ hr  

        ; m f1 =  Q /  (HHV x ) 

      =  1,307.50 /  (36.42 x 0.82) 

      =   43.78     / hr  

         =  43.78 x 6 x 300 

      =   78,804      
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 65 
o
C   (hf = 272.0 kJ/ kg) 

 

       ; Q2  =  m w (hg – h f) 

      =  500 x (2,749 – 272) 

      =   1,238,500     kJ/ hr  

      =   1,238.50     MJ/ hr  

        ; m f2 =  Q /  (HHV x ) 

      =  1,238.50 /  (36.42 x 0.82) 

      =   41.47     / hr  

         =  41.47 x 6 x 300 

      =   74,646      

       

   

        =   ) -  )  

     =  78,804 – 74,646  

      =   4,158      

                        =  4,158 x 36.42 

       =   151,434.36     MJ/   

          =  4,158 x 29.03 

       =   120,706.74       

 

 

 

       =   45,600       

   =   /   

    =  45,600 /  120,706.74  

      =   0.38       
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1)    :  

 

2)    :  3.0    

3)    :  1    

4)    :  

 

5)    :  3.0    1   

 24  1  4 

 248,100 

 1  

 1  4  48 

 0.5 

 1  

1.5   

 

6)   :  

 -  0.5  1 

 1.5 

 

 

7)    :  1.5  

1  

 

 

 

8)    
 

 

 

 

 

 

 

   

205,632 8,488,488.96 3,598,560 

192,780 7,957,958.4 3,373,650 

12,852 530,530.56 224,910 

 -  

-  
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9)    

 

    3.0   

 ; m f      178.50   

 ; h   24    

   ; d    48    

   C    17.50   

   C    41.28  MJ/  
 

   

       =  m f1 x h x d 

      =  178.50 x 24 x 48    

      =   205,632      

  

      =  1.5      

      =  24 – 1.5       

      =   22.5       

       =  m f x h x d 

      =  178.50 x 22.5 x 48    

      =   192,780      

 

 

 

 

1,080  /   1,152  /   
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         =   ) –  ( ) 

  =  205,632 – 192,780  

      =   12,852      

                        =  12,852 x 41.28 

       =   530,530.56     MJ/   

          =  12,852 x 17.50 

       =   224,910       
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1)    :  

 

2)    :  

3)    :  

4)    :  

 

5)    :  

(Boiler)  1  1  6.0-7.0 

 24     

 95-130 C  

2.5-3.0 

  

  

 

6)   :  

 1 

  

 

7)    :  

 

 

8)    

 

 

 

 

 

 

 

 

 

 

 

   

2,302.56 87,911.74 45,820.94 

0 0 0 

2,302.56 87,911.74 45,820.94 

 1,200  

0.03  
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9)    

 

    1    

 ;     85 % 

    75 % 

 A ; HHV    38.18   MJ/       

       A            19.90    

    24    

    312     

 m s )  6.50    kg/ hr  

 m s )   0    kg/ hr  

 7.0  

   hg    2,769.60  kJ/ kg  

 h f  719.56   kJ/ kg  

  

 

 Qs ) 

     =  m s )  x (hg  - h f) 

                                              =  6.5 x (2,769.60 - 719.56)  

    =  13,325.26       kJ/ hr  

    =   13.33      MJ/ hr   

 

        ; m f1   =  Qs )  /  (HHV x )    

   =  (13.33 /  ( 38.18 x 0.85) 

      =   0.41       / hr   
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  =  m f x  x   x  

     =  0.41 x 0.75 x 24 x 312 

     =   2,302.56          

           =   A  x  A   

               =  2,302.56 x 19.90       

     =   45,820.94        

  

 

        Qs ) 

                                            =  m s )  x (hg  - h f) 

                                                =  0 x (2,769.60 - 719.56)  

          =  0        kJ/ hr  

    =   0       MJ/ hr   

        ; m f2   =  Qs )  /  (HHV x )    

   =  (0 /  ( 38.18 x 0.85) 

      =   0       / hr   

         =  m f x  x   x  

     =  0 x 0.75 x 24 x 312 

     =   0           

    =   A  x  A   

              =  0 x 19.90        

      =   0        

  

 

    =  m f1 - m f2 

    =  2,302.56 -  0  

    =   2,302.56       

              =  2,302.56 x 38.18 

       =   87,911.74      MJ/   

          =  2,302.56 x 19.90 

     =   45,820.94       

 

 

 =  1,200      

     =   /   

     =  1,200 /  45,820.94 

     =   0.03        
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1)    :  

 

2)    :  

3)    :  1  

4)    :  

 

5)    :  5    7.5 barg  

 Direct  Indirect  Jacket 

 C  1,800  17.50  

 

6)    :    700-800 kg/ hr  

 87 
o
C  

   30 
o
C    

 

7)    

1.  

2.  

3.  

4.  

 

8)    

 

 

 

 

 

 

 
 

 

 

   

608,544 23,234,209.92 10,649,520 

581,088 22,185,939.84 10,169,040 

27,456 1,048,270.08 480,480 

 300,000  

0.62  
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9)    

 

  ( 16  X  300 )     4,800   

 ;     82 % 

     1,800   

     38.18  MJ/  

     17.50   

     1,500  . 

     750  . 

     87  
o
C  

 30 
o
C    (30 x 4.187)    125.61  KJ/ kg 

 7.5 barg     2,771.7  KJ/ kg 

    300,000  

 

   

        ; Q1  =  m w (hg – h f) 

      =  1,500 x (2,771.7 – 125.61) 

      =   3,969,135     kJ/ hr  

      =   3,969.14     MJ/ hr  

       ; m f1 =  Q1 /  (HHV x ) 

      =  3,969.14 /  (38.18 x 0.82) 

      =   126.78     / hr  

 

         =  126.78 x 4,800 

      =   608,544      
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 750 .   87 
o
C  

 58.5 
o
C   (hf = 244.9 kJ/ kg) 

 

       ; Q2  =  m w (hg – h f) 

      =  1,500 x (2,771.7 – 244.9) 

      =   3,790,126.5     kJ/ hr  

      =   3,790.13     MJ/ hr  

        ; m f2 =  Q2 /  (HHV x ) 

      =  3,790.13 /  (38.18 x 0.82) 

      =   121.06     / hr  

         =  121.06 x 4,800 

      =   581,088      

 

        

          =  m f1 - m f2 

   =  608,544 – 581,088 

      =   27,456       

          =  27,456 x 38.18 

       =  1,048,270.08     MJ/  

          =  27,456 x 17.50 

       =   480,480        

 

 

 

       =   300,000       

   =   /   

    =  300,000 /  480,480  

     =   0.62      
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1)    :  

 

2)    :  3  

3)    :  1  

4)    :  

 

5)    :  1  3 

 7 barg 

 3   

 (TDS)  1,663 ppm (

)  

3,500 ppm  0-20  

(Over Blowdown)  

 

6)    :  3 

  1 

 3,500 ppm  

 

7)    

1.  

2. 

 

3.  

 

8)    

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

   

890,000 33,980,200 16,465,000 

877,251.64 33,493,467.62 16,229,155.34 

12,748.36 486,732.38 235,844.66 

 -  

-  
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9)    

 1,663 ppm  

 2,880 ppm    200 ppm  

 30 
o
C    1,821 kg/ hr   7 barg 

  83%   6,000     18.5  

  

 

 (mT)    890,000  

 (h)      6,000   

   A  (CL)    18.5   

   A    38.18  MJ/  

 (Pg)   7     

    30  
o
C 

      83 % 

   TSD     200  PPM 

   TSD  (TDSB)   1,663  PPM 

   TSD  (TDSBR)   2,880  PPM 

 

   

 TDS  = 1,663 ppm 

 TDS  ( ) = 200 ppm 

 ; Q1 = 200  x 1,821 /  (1,663 – 200) 

  = 248.9 kg/ hr 
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 TDS  = 2,880 ppm 

 ; Q2 = 200   x 1,821 /  (2,880 – 200) 

  = 135.89 kg/ hr 

 

        

 = 248.1-135.89 kg/ hr 

  = 113.01 kg/ hr 

 = 113.01 x (hfg-hf) x  

  = 113.01 x (721.4-125.6) x 6,000 

  = 403,988,148 kJ/  

  = 403,988.14 MJ/  

 = 403,988.14 /  (38.18 x 0.83)   

  = 12,748.36  

 = 235,844.8  

 

        :  

 

10)   

1.            

)  (  100 
o
C 

 = 419 kJ/Kg)  419 kJ/Kg  ( )  

 TDS   

2.  : 0.1 – 2%  

  

3.  :  

4.  :   

5.  (  kg/ hr) =   
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1)    :  

 

2)    :   

3)    :  1  

4)    :  
 

5)    :  5  /  .  C 

 8 barg (  8 -  6.5 barg)  

 3 - 4 barg   Valve  2.35 . 

 65 
o
C 

 

6)    : 

 7 barg  6 barg   0.5 barg 

  
 

7)    

7.1  

1.  

2.  

7.2  (  9) 

7.3  (Pressure Reducing Valve  PRV)  

 (  9) 

 

8)    

 

 

 

 

 

 

 
 

   

1,536,671.03 58,670,100 28,428,414.09 

1,533,956.65 58,566,465 28,378,198.07 

2,714 103,635 50,216.02 

 -  

-  



 

 

 

 

 6-30 

 

  

 

                                                                       

 

9)    

       

 8 bar(g)   7 bar(g)   2,350 

kg/ hr  80 %   24  300  C  18.5  

   38.18   MJ/  

Qs  =     MJ/ y 

mst  =      kg/ hr 

hg1  =   KJ/ kg 

hg2  =   KJ/ kg 

H  =       

D  =       

 =     % 

HV  =    MJ/  

 

 

 8 bar(g)  hg1  =  2,774   kJ/ kg 

 

 

 7 bar(g)  hg2  =  2,769.1   kJ/ kg 

 

  Qs  = mst x (hg1-hg2) x 24 x 300 /  1,000   

   = 2,350 x (2,774 – 2,769.1) x 24 x 300 /  1,000 

   =  82,908      MJ/  

  = Qs /  (  x HV ) 

= 82,904 /  ( 0.8 x 38.18 ) 

=  2,714       
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  = 2,714 x 18.5   

     =  50,209       

 

        :  

 

  

 

 :  7 barg  95%  2 barg 

 (dryness) 

 7 barg  htg  = 2,047.7 kg/ kJ  x 0.95% 

       =  1,945     kg/ kJ    

 

 

     Q7  = 721.4 kg/ kJ  + 1,945 kg/ kJ   

       =  2,666.4     kg/ kJ    

 

 2 barg 

 ( )  2 barg  562.2 kg/ kJ    

 

 ( )    

= 2,666.4 – 562.2  

=   2,104.2    kJ/ kg 

 

 

       = (2,104.2 – 1,945) /   1,945 

= 0.082    (8.2%)  

 

 8.2%   

2,725.5 KJ/ kg   X  2 barg    

X  = 2,666.4 /  2,725.5 

       =    0.978  

 95%  97.8 %   
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 :   1   (1000 Kg)   7 barg   95.0%  (2,047.7 x 

0.95) 1,945 kJ/kg  

       = 1,000 x 1,945  kJ/  

       =  1,945,000   kJ/  

 

 2 barg   97.8 %     =   2,104.2  kJ/ kg   

 

   = 1,945,000 /  2,104.2 

= 924.3    kg/ . 

        = 1,000 – 924.3 

       =  75.7     kg/ .  

 

10)    

1.  

(Carry Over)   

 (  Specific Volume)  

2.   

 :- 

 (ht) 

 (htg) 

 :- 

 (hg) 

 (ht) 

 (htg) 
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