
 4 

.

4.1

4.1.1

 ( . )  5 
.

 16,875  ( , 2549)  (  87) 
 613,125  66,250  254,375 

 292,500  ( , 2542: 13) 
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4.1.2
 11  ( ) 870  65,265 

 433,222  218,645  22  1 
 3  36.5 

46.5  17  ( )
 2548 

 42,638 

4.1.3

 12.2  606,250 

4.2

4.2.1

 5 V (2544-2548)  7 
 164.4  48 
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 17  35  ( ,
, 2548: 1) 

 2549  87,544  10,550 
 23,220  5 

2549  56,104  37,019  147,170  4,152 
 22,243  995,065 

 5 

 2548 
 135 

 2548  5,616 
7,806  1,524  3,308 

 2548 
 65,000 

 2548 
 7,956  1 

 159  7,796 
 80,000 
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 UNESCO 
 2538 

 ( )

-
 (6 / ) - -  ( ) - -

 (3 / ) -  (2 / )

 4 
 4,342  32.3 
-

 2548 
 7.9  4.5 

 3.4 

 2548 
11.9  7.5 
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4.4
 4 

 5 V

(2544-2548)  “ ”

.

 2548  15  130 
 73  3  13 

 49  46  13 
 2548 

 250,000  26 

 2548 
 737  8 

 2548  13  48 
 357  46  224,720 

 60 
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4.2.2  2010 (2553) 
 7 

 2553  307 
 650 / /  76.3 

 2553 
 7  2553 

 6,000 
 800-1,000 /

 1  19 

 6  2553  62,000  50,000 
 190,000  1.4 

 3 
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 2553  70 

 320 

.

 2553  700,000 
 15 

 20  130  160 
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 CD  VCD 

 2553 
 97 

 2553  16

4.3

4.3.1

 112 
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 57 

 1,444  902,500 
 779,158  11,156 

 7,500  27,589  3 
 56.3  34.7  9  ( )

 (  90) 

 2,400 /

 2 
 13  15,000 

 3,125 

4.3.2
 5 IV (2539-2543) 

.
 150 

 1.25 
 800,000  2543
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 2540 
.

 8,960  7.7  (
 2.8  4.9 )

-
.

 21,700  8.6 

 800,000 
 17.1 
 2543 

.
17.1

 2547 

-
 58 

 3.5  15,000  7,500 

17.1  7.5  56.1 
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 2 
 17.1 
 7.5 

4.3.3

  4.3.3.1 

 58 
 126  900  32.8 

 27.9 
 11,250  9,375 

-  (Gravity System)  13 

 8,960  2.2 
 2.0  485  1.6  2.2 

 18  21,700  6 

.

 15,000  13 

 160,920 
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17,046,589  ( : $1=9,440 )
 6 

 4.1  ( )

( ) ( )
 1.  27,389,455,548.00 2,901,425.38
     -  15,822,491,034.00 1,676,111.34
     -  8,594,851,818.00 910,471.59
     -  2,452,435,146.00 259,791.86
     -  519,677,550.00 55,050.59
 2.  40,950,712,315.00 4,337,999.19
     -  35,491,604,610.00 3,759,703.88
     -  695,757,128 73,703.09
     -  485  4,763,350,578.00 504,592.22
 3.  83,577,706,413.00 8,853,570.95
 4.  9,001,934,696.00 953,594.78

160,919,808,972 17,046,589.93
 : . .  (2543) 

)

 4,500 
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 400 
 1,800 

 7,000 
 13,000 

 4.2
                                            ( )

/

 1.  4.5 
 2.  4.2 
 3.  0.1 

 1.  4.5 
 2.  4.2 
 3.  2.1 

 19.6 
 : . .  (2549) 
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)

 4.3

  ( ) ( ) ($. US) ($. US) 
  1.  625 500 8,000 200,000 
  2.  625 300 6,000 90,000 
  3.  625 400 6,000 80,000 
  4.  625 450 6,750 90,500 
  5.  625 750 5,000 187,500 

 3,125 2,400 31,750 648,000 
 : . .  (2549) 

)
 900 

 100 
/  1  1.5 

 150,000 
 5 

7,500

)
           2 

 900 

 8,400 
 3-5 

 42,000 
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 4.4
                                        ( )

/
  ( ) ( )       

  1.  11,250 6,300 150 945,000 99,000 846,000 
  2.  9,375 6,750 150 1,012,500 101,250 911,250 
  3.  3,125 2,400  - 648,000 31,750 616,250 
  4.  900 100 1,500 150,000 7,500 142,500 
  5.  - - - 42,000 - 42,000 

 24,650 15,550  - 2,797,500 239,500 2,558,000 
:

 4.5  ( )
                                         ( )

/
  ( ) ( )       

  1.  4,500 1,440 150 202,500 39,600 162,900 
  2.  200 70 150 9,600 2,160 7,440 
  3.  300 370  - 65,500 6,640 58,860 
  4.  - 6 1,500 9,000 1,000 8,000 

 5,000 1,600  - 286,600 49,400 295,600 
 : . .  (2549) 

 25 

“  (Present Value)” 

1) (Net Present Value: NPV)

 (NPV) 
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 (NPV) 
 (PVB)  (PVC) 

 NPV  0 (NPV > 0)
 ( )  NPV  0 (NPV < 0)

 ( )  NPV  0 (NPV = 0)

 (NPV)

NPV = PVB - PVC 

NPV =

PVB = 

               PVC = 

           Bt =  t

          Ct =  t

               i = /

             n = 

n

0
t

t
n

t
t

t

i
C

i
B

t0 )1()1(

n

t 0

B t ct

n

t 0

)1( i
t

)1( i
t

B t( )ct
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 4.6 
 17,046,589.93 

 258,260.4 
 25 

(25 )  6,456,510.9 

23,503,100.83
 2,971,965 

 2,713,704.6 
 74,299,124.9 

 50,796,024.05 

 4.6 

 50,148 
290,940.85  1,554,585.52 

 9,019,166.20
7,464,580.68

 7 

 (Present Value) 
.  6 

 6% (DF=6%) 
 4.6  23,503,100.83 

 6% 
15,348,361.61  74,299,124.88

 26,406,295.74 
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 50,796,024.05 
11,057,934.13

NPV = PVB - PVC 

   =  26,406,295.74 - 15,348,361.61 

      NPV = 11,057,934.13 

 4.6  (NPV)  6% 
NPV  11,057,934.13  (NPV >0)

 11,057,934.13 

 “ ”

2)  (Benefit-Cost Ratio : BCR) 
 (BCR)

 (BCR)
 4.6 

 15,348,361.61 
 26,406,295.74 

n

0
t

t
n

t
t

t

i
C

i
B

t0 )1()1(
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     PVB
  BCR = 

     PVC 
   

BCR =

    PVB = 

    PVC = 

      Bt = t

      Ct = t

       i = /

n = 

26,406,295.74
  BCR = 

     15,348,361.61

BCR = 1.72 

BCR  1 (BCR > 1)  0.72 

 1 
BCR  1 

3) (Internal Rate of Return: IRR)

 (Internal Rate of Return: IRR) 

n

t 0

B t )1( i
t

n

t 0
c t )1( i

t
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 NPV  0 (NPV=0)
IRR  ( )  IRR 

 ( )  IRR

 (arithmetically) 
  NPV  2  (lower discount rate : IL)  NPV 

 (upper discount rate : IU)  NPV 

IRR =

              IL. =

                        IU. =

                          NPVL. =

            NPVU   =

NPVL NPVU

xIIIIRR LUL )(
NPVL
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 4.6  6% 
11,057,934.13  (NPV = 11,057,934.13 $.US )

 NPV 
(NPV>0)  NVP 
(NPV=0)  14% (  4.7) 

 1,197,060.09  (NPV= - 1,197,060.09 $.US )
 NPV 

(NPV < 0)  0 
(NPV=0)  6% - 14% 

   

      11,057,934.13 
    = 6 + (14 – 6) X       
    11,057,934.13 – (-1,197,060.09) 

   
           11,057,934.13 

     = 6 + (8)  X       
         12,254,994.22 

   = 6 + 7.2

  IRR = 13.2 % 

 0 (NPV = 0)
 13.2% (IRR = 13.2%)  (6%) 

NPVL NPVU

xIIIIRR LUL )(
NPVL
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4)

  =

PVB =

PVc =

            CRF = Capital Recovery Factor

 4.5 
-  15,042,077.06 

  -  14,505,656.09 

       i (1+i)n
CRF =

       (1+i)n-1

7/100 (1+7/100)31

                    =

       (1+7/100)31-1

     CRF = 0.0798 

)()( CRFXCRFX PVPV CB
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 = 26,406,295.74 X (0.0798) - 15,348,361.61 X (0.0798) 
           = 882,423.1 

 4.6  (31 )
 26,406,295.74 

 882,423.1

5) (PP: Payback Period)

 (Payback period) 

PP =  (payback period) 
TC =  (total cost) 
AB =  (average benefit/year) 

 4.6 
17,046,589.93

 25  50,796,024.05 
 50,796,024.05 

 (25 )  2,031,840.96 

   TC 

  PP =   

   AB 

  AB= 50,796,024.05/25 = 2,031,840.96 

PP
TC

AB
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        17,046,589.93       
     PP  =
          2,031,840.96 

  PP = 8.4 

 8.4  1  4 

 17,046,589.93 
 6,456,510.90  23,503,100.83 

 74,299,124.88 
 50,796,024.05  (Present Value) 

 15,348,361.61  26,406,295.74 
 11,057,934.13  (NPV  = 11,057,934.13 > 0) 

 13.2% (IRR = 13.2% > 
)  1.72 (BCR > 1) 

 5-10 
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 4.8  5 
50.1  49.6 

 11.1  10.3 

 4.8 
 5-10 

 4.8
 5-10 

          ( )

  (%) PV PV
 (NPV)

5  - 24,678,255.9 74,299,124.9 49,620,869.0 16,115,779.7 26,406,295.7 10,290,516.0
10  - 25,853,410.9 74,299,124.9 48,445,714.0 16,883,197.8 26,406,295.7 9,523,098.0
 - 5 23,503,100.8 78,014,081.1 54,510,980.3 15,348,361.6 27,726,610.5 12,378,248.9
 - 10 23,503,100.8 81,729,037.4 58,225,936.5 15,348,361.6 29,046,925.3 13,698,563.7
5 5 24,678,255.9 78,014,081.1 53,335,825.3 16,115,779.7 27,726,610.5 11,610,830.8

10 10 25,853,410.9 81,729,037.4 55,875,626.5 16,883,197.8 29,046,925.3 12,163,727.5

:  14.6 

 4.8  (BCR) 

     PVB
  BCR = 

        PVC

 5    BCR = 1.64 
 10    BCR = 1.56 

 5    BCR = 1.81 
 10    BCR = 1.89 

 5  BCR = 1.72 
 10  BCR = 1.72 
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4.3.3.2
 2547 

-

 3.5  30 
 1.85 X 1.85  250 

 15 
7,500  2,500 -  (Gravity System) 

 13 

 8,960  2 

-  1  2354  2.2 
 2.0  1.35  485 

 1.6  2.2  2.5  1 

-  2  HDPE  700–8000 
 6,606  2.2  1 

 18 
 15  9  6 

 21.700  18,100 
 6  4 
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 7.5 

13

 41,854.3  4,433,712.9 
 28,867,9  3,058,036.1 

 70,722,1  7.5  ( :
$1=9,440 )  2551 

 4.9  ( )

 ( )  ( )
 1.  41,854,250,187.67 4,433,712.90
 1.1  3,479,309,835.64 368,571.00
 1.2  11,708,296,189.20 1,240,285.62
 1.3  26,048,108,445.83 2,759,333.52
 1.4  618,535,717.00 65,522.85
 2.  28,867,867,000.00 3,058,036.10

 (1+2) 70,722,117,187.67 7,491,750.00
 : . .  (2549) 
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)

 7,500  2,500 
 5,000 

 4.10
                                                        ( )

/

 1.  4.5
 2.  4.2
 3.  0.1

 1.  4.5
 2.  4.2
 3.  2.1

 19.6
 : . .  (2549) 
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)

 4.11

  ( ) ( ) ($. US) ($. US) 
  1.  1,875 1,500 24,000 600,000 
  2.  625 300 6,000 90,000 
  3.  625 400 6,000 80,000 
  4.  625 450 6,750 90,000 
  5.  1,250 1,500 10,000 375,000 

 5,000 4,150 52,750 1,235,000 
 : . .  (2549) 

)

 200 
 24 /  1  1.5 

 36,000 

 5  1,800 

)
 200 

 1,200 
 3-5 

 6,000 
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 4.12
                                                     ( )

/
  ( ) ( )       
  1.  7,500 4,200 150 630,000 66,000 564,000 
  2.  2,500 1,800 150 270,000 27,000 243,000 
  3.  5,000 4,150  - 1,235,000 52,750 1,182,250 
  4.  200 24 1,500 36,000 1,800 34,200 
  5.  - - - 6,000 - 6,000 

 15,200 10,174  - 2,177,000 147,550 2,029,450 
 :  (2549) 

 15 
 10  2 

 (Present Value) 
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 1) (Net Present Value: NPV)

 (NPV)

NPV = PVB - PVC 

n

0
t

t
n

t
t

t

i
C

i
B

t0 )1()1(

n

t 0

B t ct

n

t 0

)1( i
t

)1( i
t

B t( )ct
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 4.13 
 7,491,750 

 156,556.63 
 15 

 2,348,349.49 
  9,840,099.49 

 156,556.63  2,254,870.94 

 2,098,314.31 
 33,823,064.15 

 23,982,964.66 

 5 

 (Present Value) 
.  6 

 6% (DF=6%) 
 4.12 

 9,840,099.49 
 6%  7,328,360.54 

33,823,064.15  6% 
 15,354,282.14  8,025,921.59 
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NPV = PVB - PVC 

        = 15,354,282.14 - 7,328,360.54 

        NPV = 8,025,921.59 

 4.13  (NPV)  6% 
NPV  8,025,921.59  (NPV > 0)

 8,025,921.59 

 “ ”

2)  (Benefit-Cost Ratio : BCR) 
 (BCR)

 (BCR)
 4.13 

 7,328,360.64 
 15,354,282.14 

n

0
t

t
n

t
t

t

i
C

i
B

t0 )1()1(
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     PVB
  BCR = 

     PVC 

         15,354,282.14 
             = 
         7,328,360.54  

BCR = 2.1

BCR  2.1 
 1 

BCR

 2.1  1 

 3) (Internal Rate of Return: IRR)

IRR =

              IL. =

                        IU. =

                          NPVL. =

            NPVU   =

NPVL NPVU

xIIIIRR LUL )(
NPVL
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 4.13  6% 
 8,025,921.59  (NPV = 8,025,921.59 $.US)

 NPV  16% (  4.14) 
 88,163.81  (NPV= -88,163.81 $.US)

 0 (NPV=0)  6% - 16% 

   

     8,025,921.59 
    = 6 + (16 – 6) X       
      8,025,921.59 – (-88,163.81) 

   
          8,025,921.59 

    = 6 +  (10) X       
          8,114,085.4 

   = 6 + 9.9

  IRR = 15.9 % 

 0 (NPV = 0)
 15.9% (IRR = 15.9%)  (6%) 

NPVL NPVU

xIIIIRR LUL )(
NPVL
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 4.)   =

PVB =

PVc =

            CRF = Capital Recovery Factor

 4.12 
-  15,354,282.14 

  -  7,328,360.54 

       i (1+i)n
CRF =

       (1+i)n-1

7/100 (1+7/100)21

                    =

       (1+7/100)21-1

     CRF = 0.09229 

 = 15,354,282.14 X (0.09229) - 7,328,360.54 X (0.09229) 
           =  740,712.3

5) (PP: Payback Period)

 4.13 
 7,491,750 

 15  23,982,964.66 
 23,982,964.66 

 (15 )  1,598,864.31 

)()( CRFXCRFX PVPV CB
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   TC 

  PP =   

   AB 

AB = 23,982,964.66/15 = 1,598,864.31 

        7,491,750       
        =    
       1,598,864.31 

  PP = 4.7 

 4.7  1  3 

 7,491,750 
 2,348,349.49  9,840,099.49 

 33,823,064.15 
 23,982,964.66  (Present Value) 

 6%  7,328,360.54 
 15,354,282.14  8,025,921.59 

(NPV  = 8,025,921.59 > 0) 
 15.9% (IRR = 15.9% > 

)  2.1 (BCR > 1) 

 5-10 
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 4.15
 5-10 

          ( )

  (%) PV PV
 (NPV)

5  - 10,332,104.5 33,823,064.2 23,490,959.7 7,694,778.6   15,354,282.1 7,659,503.6
10  - 10,824,109.4 33,823,064.2 22,998,954.7 8,061,196.6   15,354,282.1 7,293,085.5
 - 5 9,840,099.5   35,514,217.4 25,674,117.9 7,328,360.5   16,121,996.2 8,793,635.7
 - 10 9,840,099.5   37,205,370.6 27,365,271.1 7,328,360.5   16,889,710.4 9,561,349.8
5 5 10,332,104.5 35,514,217.4 25,182,112.9 7,694,778.6   16,121,996.2 8,427,217.7

10 10 10,824,109.4 37,205,370.6 26,381,261.1 8,061,196.6   16,889,710.4 8,828,513.8

 :  14.13 

 4.15  5 
24  23.5 

 8.1  7.7 

 4.8 
 5-10 

 4.8  (BCR) 

     PVB
  BCR = 

        PVC

 5    BCR = 2.00 
 10    BCR = 1.90 
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 5    BCR = 2.20 
 10    BCR = 2.31 

 5  BCR = 2.10 
 10  BCR = 2.10 

 2 

 2 

 4.16  2 

 -  $.US        17,046,589.93          7,491,750.00
 -  $.US          6,456,510.90          2,348,349.49
 - 

               11,250.00                 7,500.00
                 9,375.00                 2,500.00
                 3,125.00                 5,000.00
                    900.00                    200.00

 -  $.US        74,299,124.88        33,823,064.15
 -  $.US        50,796,024.05        23,982,964.66
 -  $.US        26,406,295.74 15,354,282.14
 -  (NPV) $.US          11,057,934.13          8,025,921.59
 -  (IRR) %                        13.2                          15.9
 -  (BCR)                         1.7                        2.1
 -  $.US               882,423.1             740,712.3
 -                       8.4                          4.7

 : 
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 2 
(NPV > 0) 

 (IRR) 
 (BCR) 

 17.1 
 56.1 

 2550 
 2 



 4.6
     

     
     

 (
)

    
     

     
   

DF
=6%

PV
PV

(NP
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