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A p p e n d ix  A  C o lle c t in g  P ro cess  D a ta  fo r  E x a m p le  2

A1 1st Alternative Design

T a b le  A1 Retrofitted heat exchanger results (1st alternative design at ATmin = 13 °C)

H e a t  E x c h a n g e r
O r i g i n a l  a r e a  

( m 2)
L o a d  a f t e r  r e t r o f i t  

( k W )
R e t r o f i t  a r e a

( n r )

A r e a  c h a n g e  

(ท 12)
1 4 3 0 3 . 2 1 4 9 7 7 .3 8 3 4 4 7 . 8 7 - 8 5 5 . 3 3 A r e a  r e d u c t i o n
2 6 3 . 8 1 9 1 7 .5 3 6 3 . 8 0 0 . 0 0 -
3 3 3 . 2 9 - - - -
4 4 . 0 6 1 4 0 0 .2 9 1 3 .0 1 8 .9 5 A r e a  a d d i t i o n  ( n e w  s h e l l )
5 2 6 . 7 9 3 1 6 . 1 0 4 4 6 . 1 9 1 9 .4 0 A r e a  a d d i t i o n  ( n e w  s h e l l )
6 2 4 . 6 5 4 2 5 . 1 9 4 1 5 2 .6 7 1 2 8 .0 7 A r e a  a d d i t i o n  ( n e w  s h e l l )
7 5 .8 7 2 9 5 . 8 3 3 5 .8 7 0 . 0 0 -
8 1 4 6 . 5 9 7 1 6 0 . 6 6 1 1 1 .1 7 - 3 5 . 4 2 A r e a  r e d u c t i o n
9 1 2 1 4 .4 - - - -
1 0 8 0 . 2 - - - -
11 6 5 8 . 7 2 0 1 6 4 .2 1 2 2 8 7 . 6 6 1 6 2 8 .9 6 A r e a  a d d i t i o n  ( n e w  s h e l l )
12 4 0 1 2 7 7 .0 3 3 1 6 6 . 9 7 1 2 6 . 9 7 A r e a  a d d i t i o n  ( n e w  s h e l l )
13 1 8 2 . 3 9 - - - -
1 4 1 0 1 . 4 7 - - - -
15 9 3 . 8 7 - - - -
1 6 2 8 8 . 9 7 1 8 6 2 5 .8 6 1 2 8 8 . 9 7 0 . 0 0 -
1 7 5 2 . 2 4 7 5 2 . 4 8 5 1 7 .1 8 - 3 5 . 0 6 N e w  e x c h a n g e r
1 8 9 7 6 . 4 2 1 5 5 9 . 8 5 3 5 7 5 . 4 5 - 4 0 0 . 9 5 N e w  e x c h a n g e r
1 9 - 1 0 2 5 4 . 8 3 3 1 6 5 1 .4 7 - N e w  e x c h a n g e r
2 0 - 8 8 9 . 9 3 5 2 2 . 0 8 - N e w  e x c h a n g e r
21 - 2 2 5 1 . 9 9 7 2 3 7 . 3 3 - N e w  e x c h a n g e r
2 2 - 5 5 5 . 8 5 8 3 7 .0 1 - N e w  e x c h a n g e r
2 3 - 1 1 8 4 .9 6 8 2 7 2 . 7 9 - N e w  e x c h a n g e r
2 4 - 7 3 8 . 3 5 9 1 3 7 . 2 4 - N e w  e x c h a n g e r
2 5 - 2 3 3 7 6 . 0 8 8 4 0 7 2 . 0 8 - N e w  e x c h a n g e r
2 6 - 7 2 6 0 . 5 3 4 8 6 5 . 6 6 - N e w  e x c h a n g e r
2 7 - 4 7 9 0 . 2 8 8 9 2 6 . 5 5 - N e w  e x c h a n g e r
2 8 - 1 6 1 2 2 .8 6 1 1 4 6 4 .5 7 - N e w  e x c h a n g e r
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N o ta t io n :  N e w  e x c h a n g e r  ( N e w ) ,  A r e a  a d d i t i o n  ( + A ) ;  N e w  s h e l l  ( N S ) ,  A r e a  r e d u c t io n  ( - A )

Figure A l R e t r o f i t t e d  h e a t  e x c h a n g e r  r e s u l t s  ( 1 st a l t e r n a t i v e  d e s ig n  a t  A T mm=  13 ° C ) .
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A2 2nd Alternative Design

Table A2 Retrofitted heat exchanger results (2nd alternative design at ATm,ท = 13 °C)

H e a t  E x c h a n g e r
O r ig in a l  a r e a  

( m 2)

L o a d  a f t e r  r e tr o f i t  

( k W )

R e t r o f i t  a r e a

( m 2)

A r e a  c h a n g e  

(ทา2 )
1 4 3 0 3 .2 1 4 9 7 7 .3 8 3 4 4 7 .8 7 - 8 5 5 . 3 3 A r e a  r e d u c t io n

2 6 3 . 8 1 9 1 7 .5 3 6 3 . 8 0 0 . 0 0 -

3 3 3 . 2 9 - - - -
4 4 . 0 6 1 4 0 0 .2 9 1 3 .0 1 8 .9 5 A r e a  a d d i t i o n  ( n e w  s h e l l )

5 2 6 . 7 9 9 4 5 . 2 1 4 8 3 .9 1 5 7 . 1 2 A r e a  a d d i t i o n  ( n e w s h e l l )

6 2 4 . 6 5 4 2 5 .1 9 4 1 5 2 .6 7 1 2 8 .0 7 A r e a  a d d i t i o n  ( n e w  s h e l l )

7  . . 5 .8 7 2 9 5 . 8 3 3 5 .8 7 0 . 0 0 -

8 1 4 6 .5 9 7 1 6 0 .6 6 1 1 1 .1 7 - 3 5 . 4 2 A r e a  r e d u c t io n

9 1 2 1 4 .4 - - - -

1 0 8 0 .2 2 6 0 .8 3 9 .1 1 - 7 1 . 0 9 N e w  e x c h a n g e r

11 6 5 8 .7 1 9 1 5 0 .9 0 1 8 0 7 .4 5 1 1 4 8 .7 5 A r e a  a d d i t i o n  ( n e w  s h e l l )

12 4 0 1 2 7 7 .0 3 3 1 6 6 .9 7 1 2 6 .9 7 A r e a  a d d i t i o n  ( n e w  s h e l l )

13 1 8 2 .3 9 - - - -

14 1 0 1 .4 7 - - -

15 9 3 . 8 7 - - -

1 6 2 8 8 . 9 7 1 8 6 2 5 .8 6 1 2 8 8 . 9 7 0 . 0 0 -

17 5 2 .2 4 - - - -
18 9 7 6 . 4 2 2 3 1 2 .3 3 8 5 9 3 . 7 0 - 3 8 2 . 7 0 A r e a  r e d u c t io n

19 - 1 0 2 5 4 .8 3 3 1 6 3 1 .8 0 - N e w  e x c h a n g e r

2 0 - 2 2 5 1 .9 9 7 2 4 4 . 5 0 - N e w  e x c h a n g e r

2 1 - 2 1 9 8 .2 7 8 2 2 1 . 3 7 - N e w  e x c h a n g e r

22 - 7 3 8 . 3 5 9 1 3 7 .2 4 - N e w  e x c h a n g e r

2 3 - 5 5 5 . 8 5 8 9 7 . 3 7 - N e w  e x c h a n g e r

2 4 - 7 2 6 0 .5 3 4 8 6 5 . 6 6 - N e w  e x c h a n g e r

2 5 - 4 7 9 0 .2 8 8 9 2 6 . 5 5 - N e w  e x c h a n g e r

2 6 - 2 3 3 7 6 .0 8 8 4 0 7 2 .0 8 - N e w  e x c h a n g e r

2 7 - 1 6 1 2 2 .8 6 1 1 4 6 4 .5 7 - N e w  e x c h a n g e r
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N o t a t i o n :  N e w  e x c h a n g e r  ( N e w ) ,  A r e a  a d d i t i o n  ( + A ) ;  N e w  s h e l l  ( N S ) ,  A r e a  r e d u c t io n  (" A )

Figure A2 Retrofitted heat exchanger results (2nd alternative design at ATmin= 13 °).
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A3 3rd Alternative Design

Table A3 Retrofitted heat exchanger results (3rd alternative design at ATmin= 13 °C)

H e a t  E x c h a n g e r
O r ig in a l  a r e a  

๙ )

L o a d  a f t e r  r e t r o f i t  

( k W )

R e t r o f i t  a r e a  

๙ )

A r e a  c h a n g e  

๙ )
1 4 3 0 3 . 2 1 4 9 7 7 .3 8 3 4 4 7 . 8 7 - 8 5 5 . 3 3  . - A r e a  r e d u c t io n

2 6 3 . 8 1 9 1 7 .5 3 6 3 . 8 0 0 . 0 0 -
3 3 3 . 2 9 - - - -
4 4 . 0 6 1 4 0 0 .2 9 1 3 .0 1 8 .9 5 A r e a  a d d i t i o n  ( n e w  s h e l l )

5 2 6 . 7 9 1 2 4 . 3 3 4 2 4 . 0 6 - 2 . 7 3 A r e a  r e d u c t io n

6 2 4 . 6 5 4 2 5 .1 9 4 1 5 2 .6 7 1 2 8 .0 7 A r e a  a d d i t i o n  ( n e w  s h e l l )

7 5 .8 7 2 9 5 . 8 3 3 5 .8 7 0 . 0 0  - - -
8 1 4 6 .5 9 7 1 6 0 . 6 6 1 1 1 .1 7 - 3 5 . 4 2  . A r e a  r e d u c t io n
9 1 2 1 4 .4 - - - -
1 0 8 0 . 2 1 0 8 1 .7 1 7 0 .8 1 - 9 . 3 9  . A r e a  r e d u c t io n

11 6 5 8 . 7 1 9 7 8 9 .9 4 1 9 8 7 .0 3 1 3 2 8 .3 3 A r e a  a d d i t i o n  ( n e w  s h e l l )

12 4 0 1 2 7 7 .0 3 3 1 6 6 .9 7 1 2 6 . 9 7  ' A r e a  a d d i t i o n  ( n e w  s h e l l )

13 1 8 2 .3 9 - - - -
14 1 0 1 .4 7 - - - -
15 9 3 . 8 7 - - - -
1 6 2 8 8 . 9 7 1 8 6 2 5 .8 6 1 2 8 8 . 9 7 0 . 0 0 -
17 5 2 . 2 4 - - - -
18 9 7 6 . 4 2 2 3 1 2 . 3 3 8 5 9 3 . 7 0 - 3 8 2 . 7 0 A r e a  r e d u c t io n
1 9 - 1 0 2 5 4 .8 3 3 1 5 1 7 .0 8 - N e w  e x c h a n g e r

2 0 - 7 9 2 . 0 7 8 6 0 . 7 7 - N e w  e x c h a n g e r
21 - 2 1 9 8 . 2 7 8 1 8 7 .1 3 - N e w  e x c h a n g e r
2 2 - 1 5 5 9 .2 3 9 2 7 0 . 5 4 - N e w  e x c h a n g e r

2 3 - 5 5 5 . 8 5 8 9 7 . 3 7 - N e w  e x c h a n g e r

2 4 - 7 2 6 0 .5 3 4 8 6 5 . 6 6 - N e w  e x c h a n g e r

2 5 - 4 7 9 0 . 2 8 8 9 2 6 . 5 5 - N e w  e x c h a n g e r
2 6 - 2 3 3 7 6 . 0 8 8 4 0 7 2 . 0 8 - N e w  e x c h a n g e r

2 7 - 1 6 1 2 2 .8 6 1 1 4 6 4 .5 7 - N e w  e x c h a n g e r
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T (”C) FCp (kW/°C) T (”C)

N o t a t i o n :  N e w  e x c h a n g e r  ( N e w ) ,  A r e a  a d d i t i o n  ( + A ) ;  N e w  s h e l l  ( N S ) ,  A r e a  r e d u c t io n  ( - A )

Figure A3 Retrofitted heat exchanger results (3rd alternative design at ATmin= 13°C).
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A4 4th Alternative Design

Table A4 Retrofitted heat exchanger results (4th alternative design at ATm 1 ท = 13 °C)

H e a t  E x c h a n g e r
O r ig in a l  a r e a

( n f )
L o a d  a f t e r  r e tr o f i t  

( k W )

R e t r o f i t  a r e a  

( m 2)

A r e a  c h a n g e  

(ท 12)
1 4 3 0 3 .2 2 5 3 7 1 .9 9 5 2 7 1 .7 2 9 6 8 . 5 2 A r e a  a d d i t i o n  ( n e w  s h e l l )

2 6 3 . 8 - - - -

3 3 3 . 2 9 - - - -
4 4 .0 6 - - - -
5 2 6 . 7 9 3 1 6 . 1 0 4 4 6 . 1 9 1 9 .4 0 A r e a  a d d i t io n  ( n e w  s h e l l )

6 2 4 . 6 5 4 2 5 .1 9 4 1 0 0 4 .1 0 9 7 9 . 5 0 A r e a  a d d i t i o n  ( n e w  s h e l l )

7 5 .8 7 2 9 5 . 8 3 3 5 .8 7 0 . 0 0 -
8 1 4 6 .5 9 - - - -

9 1 2 1 4 .4 - - - -
10 8 0 .2 - - - -
11 6 5 8 . 7 2 0 1 6 4 .2 1 2 2 8 7 . 6 6 1 6 2 8 .9 6 A r e a  a d d i t io n  ( n e w  s h e l l )

12 4 0 2 6 7 7 .3 2 3 4 7 9 . 0 3 4 3 9 . 0 3 A r e a  a d d i t i o n  ( n e w  s h e l l )

13 1 8 2 .3 9 1 6 1 2 2 .8 6 1 1 8 2 .3 9 0 .0 0 -
14 1 0 1 .4 7 - - - -
15 9 3 . 8 7 - - - -
16 2 8 8 . 9 7 - - - -
17 5 2 .2 4 7 5 2 . 4 8 5 1 7 .1 8 - 3 5 . 0 6 N e w  e x c h a n g e r

18 9 7 6 . 4 2 1 5 5 9 .8 5 3 5 7 5 .4 5 - 4 0 0 .9 5 N e w  e x c h a n g e r

19 - 1 0 2 5 4 .8 3 3 1 6 5 1 .4 7 - N e w  e x c h a n g e r

2 0 - 8 8 9 . 9 3 5 2 2 . 0 8 - N e w  e x c h a n g e r

2 1 - 2 2 5 1 .9 9 7 2 3 7 . 3 3 - N e w  e x c h a n g e r

2 2 - 5 5 5 . 8 5 8 3 7 .0 1 - N e w  e x c h a n g e r

2 3 - 1 1 8 4 .9 6 8 2 7 2 . 7 9 - N e w  e x c h a n g e r

2 4 - 7 3 8 . 3 5 9 1 3 7 .2 4 - N e w  e x c h a n g e r

2 5 - 7 2 6 0 .5 3 4 7 1 3 . 1 4 - N e w  e x c h a n g e r

2 6 - 8 2 9 8 .2 3 6 1 6 0 5 .0 7 - N e w  e x c h a n g e r
2 7 - 1 8 6 2 5 .8 6 1 1 2 3 3 .1 7 - N e w  e x c h a n g e r

2 8 - 3 6 5 2 .7 1 1 2 4 5 .3 1 - N e w  e x c h a n g e r

2 9 1 9 1 7 .5 2 8 2 6 8 . 3 2 - N e w  e x c h a n g e r

3 0 1 2 9 8 1 .4 7 7 4 1 5 . 8 5 - N e w  e x c h a n g e r
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111

H2
H3
H4
H5
H6
H7
H8
H9
H10

N o ta tio n : N e w  ex ch a n g er  (N e w ), A rea add ition  (+ A ); N e w  sh ell (N S ) , A rea  red u ction  (-A )

Figure A4 Retrofitted heat exchanger results (4th alternative design at A T m in =  13 ° ) .
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A5 5th Alternative Desiun

Table A5 Retrofitted heat exchanger results (5th alternative design at AT, 111 ท = 13°C)

H eat E xchanger
O riginal area 

(m 2)
L oad after retrofit 

(kW )
Retrofit area 

(m 2)
A rea  ch an g e  

(n i2)
1 4 3 0 3 .2 2 5 3 7 1 .9 9  . 5 2 7 1 .7 2 9 6 8 .5 2 A rea  add ition  (n ew  sh ell)
2 6 3 .8 - - - -
3 3 3 .2 9 - - - -
4 4 .0 6 - - - -
5 2 6 .7 9 9 4 5 .2 1 4 83.91 5 7 .1 2 A rea  add ition  (n ew  sh ell)
6 2 4 .6 5 4 2 5 .1 9 4 1004.10' 9 7 9 .5 0 A rea  add ition  (n ew  sh ell)
7 5 .87 2 9 5 .8 3 3 5 .87 0.00 -
8 146 .59 - - - -
9 1214.4 - - - -
10 8 0 .2 2 6 0 .8 3 9.1 1 -7 1 .0 9 N e w  exch anger
11 6 5 8 .7 19150 .90 1807 .45 1148 .75 A rea  add ition  (n ew  sh ell)
12 4 0 2 6 7 7 .3 2 3 4 7 9 .0 3 4 3 9 .0 3 A rea ad d ition  (n ew  sh ell)
13 182 .39 16122 .861 182.39 0.00 -
14 101:47 - •' - - -
15 9 3 .8 7 - - - -
16 2 8 8 .9 7 - - - -
17 5 2 .2 4 - - - -
18 9 7 6 .4 2 2 3 1 2 .3 3 8 5 9 3 .7 0 -3 8 2 .7 0 A rea reduction
19 - 1 0 2 5 4 .833 1631 .80 - N e w  exch anger
20 - 2 2 5 1 .9 9 7 2 4 4 .5 0 - N ew ' exch an ger
21 - 2 1 9 8 .2 7 8 2 2 1 .3 7 - N ew ' exch an ger
22 - 7 3 8 .3 5 9 137.24 - N e w  exch an ger
23 - 5 5 5 .8 5 8 9 7 .3 7 - N e w  exch an ger
24 - 7 2 6 0 .5 3 4 4 5 6 .2 3 - N e w  exch an ger
25 - 8 2 9 8 .2 3 6 1605 .07 - N e w  exch an ger
2 6 - 18625 .861 1174 .78 - N e w  exch an ger
27 - 36 5 2 .7 1  1 245.31 - N e w  exch an ger
28 - 1917 .5 2 8 2 6 8 .3 2 - N e w  exch an ger
29 - 1 2 9 8 1 .4 7 7 4 1 5 .8 5 - N e w  exch anger
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HI 
H2 
H3 
H4 
H 5 
H 6 
H7 
H 8 
H9 
H10

T (°C) FCp (kW/°C) T{°C)

232.2 C2

N o ta tio n : N e w  exch an ger  (N e w ), A rea add ition  (+ A ); N e w  sh ell (N S ) , A rea  red uction  (-A )

Figure A5 Retrofitted heat exchanger results (5th alternative design at A T m in  =  13°).
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A6 6th Alternative Design

Table A6 Retrofitted heat exchanger results (6th alternative design at ATmin= 13 °C)

H eat E xchan ger
O rig in a l area 

( n f )
L oad after retrofit 

(kW )
R etrofit area 

(m 2)
A rea ch an g e  

(m 2)
R em arks

1 4 3 0 3 .2 0 2 5 3 7 1 .9 9 5 2 7 1 .7 2 9 6 8 .5 2 A rea  ad d ition  (n ew  sh ell)
2 6 3 .8 0  ’ - - - -
3 3 3 .2 9 ' - - - -
4 4 .0 6 ' - - - -
5 2 6 .7 9 - 124.33 2 4 .0 6 -2 .7 3 A rea  reduction
6 2 4 .6 0 ' 5 4 2 5 .1 9 1 0 0 4 .1 0 9 7 9 .5 0 A rea  ad d ition  (n ew  sh ell)
7 5 .8 7  ' 2 9 5 .8 3 5 .87 0.00
8 1 4 6 .5 9 - - - -
9 1 2 1 4 .4 0 - - - -
10 8 0 .2 0 1081.71 70 .81 -9 .3 9 A rea  reduction
11 6 5 8 .7 0 1978 9 .9 4 1 9 8 7 .0 3 13 2 8 .3 3 A rea add ition  (n ew  sh ell)
12 4 0 .0 0 2 6 7 7 .3 2 4 7 9 .0 3 4 3 9 .0 3 A rea  add ition  (n ew  sh ell)
13 1 8 2 .3 9 1 6 1 2 2 .8 6 1 8 2 .3 9 0.00 -
14 1 0 1 .4 7 - - -
15 9 3 .8 7 - - - -
16 2 8 8 .9 7 - - - -
17 5 2 .2 4 - - - -
18 9 7 6 .4 0 2 2 3 1 2 .3 4 5 9 3 .7 0 -3 8 2 .7 0 A rea  red uction
19 - 102 5 4 .8 3 15 1 7 .0 8 - N e w  exch an ger
20 - 7 9 2 .0 8 6 0 .7 7 - N e w  exch an ger
21 - 2 1 9 8 .2 8 118 .48 - N e w  exch an ger
22 - 1559 .24 3 3 5 .0 8 - N e w  exch an ger
23 - 5 5 5 .8 6 9 7 .3 7 - N e w  exch anger
24 - 7 2 6 0 .5 3 4 5 6 .2 3 - N e w  exch an ger
25 - 8 2 9 8 .2 4 1 6 0 5 .0 7 - N e w  exch an ger
2 6 - 1 8 6 2 5 .8 6 1 2 3 3 .1 7 - N e w  exch an ger
27 - 36 5 2 .7 1 245 .31 - N e w  exch an ger
28 - 1917 .53 2 6 8 .3 2 - N e w  exch anger
29 - 1 2 9 8 1 .4 8 4 1 5 .8 5 - N e w  exch an ger



T(°C)
3194
73.24
347.3
263.5

297.4
248
73.24
231 8
167.1
146 7

232.2

343 3
231 8
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FCp (kW/°C)

0

0 New New

1

New-̂N

0

0
0

0

0 -

T(°C)

CU4
■ G>
0 -

0

0

0 * '

I 392.550 I 226.2

Cl
C2
C3

N o t a t i o n : N e w  e x c h a n g e r  ( N e w ) ,  A r e a  a d d i t i o n  ( + A ) ;  N e w  s h e l l  ( N S ) ,  A r e a  r e d u c t io n  ( - A )

h eat ex ch a n g er  resu lts (6 th a ltern ative  d e s ig n  at A T min=  13 °C ).
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A 7  7 th A l t e r n a t i v e  D e s ig n

Table A7 R etrofitted  h eat exch a n ger  resu lts  (7 th a ltern a tive  d es ig n  at ATmin^ 13 °C)

H e a t  E x c h a n g e r
O r ig in a l  a r e a  

( m 2)

L o a d  a fte r  r e t r o f i t  

( k W )

R e t r o f i t  a r e a  

( m 2)

A r e a  c h a n g e  

( m 2)

1 4 3 0 3 . 2 1 2 6 5 9 .4 1 2 9 1 4 . 2 6 - 1 3 8 8 . 9 4 A r e a  r e d u c t io n

2 6 3 . 8 - - - -  ’

3 3 3 . 2 9 - - -

4 4 . 0 6 2 6 7 7 .3 2 2 0 . 5 9 1 6 .5 3 A r e a  a d d i t i o n  ( n e w  s h e l l )

5 2 6 . 7 9 - - -

6 2 4 . 6 5 4 2 5 .1 9 4 1 6 9 .7 5 1 4 5 .1 5 A r e a  a d d i t i o n - ( n e w  s h e l l )

7 5 .8 7 2 9 5 . 8 3 3 5 .8 7 0 . 0 0

8 1 4 6 .5 9 7 8 0 1 .1 5 1 1 5 .8 7 - 3 0 . 7 2 A r e a  r e d u c t io n

9 1 2 1 4 .4 - - -

10 8 0 . 2 - - - -

11 6 5 8 . 7 2 0 1 6 4 .2 1 2 2 8 7 .6 6 1 6 2 8 .9 6 A r e a  a d d it io n '  ( n e w  s h e l l )

12 4 0 - - -

13 1 8 2 .3 9 - - -

14 1 0 1 .4 7 - - - -

15 9 3 . 8 7 - - - -

1 6 2 8 8 . 9 7 1 8 6 2 5 .8 6 1 2 8 8 . 9 7 0 . 0 0 -

17 5 2 . 2 4 7 5 2 . 4 8 5 1 7 .1 8 - 3 5 . 0 6 N e w  e x c h a n g e r

18 9 7 6 . 4 2 1 5 5 9 .8 5 3 5 7 5 . 4 5 - 4 0 0 .9 5 N e w  e x c h a n g e r

1 9 - 1 0 2 5 4 .8 3 3 1 6 5 1 .4 7 - N e w  e x c h a n g e r

2 0 - 8 8 9 . 9 3 5 2 2 . 0 8 - N e w  e x c h a n g e r

2 1 - 2 2 5 1 .9 9 7 2 3 7 . 3 3 - N e w  e x c h a n g e r

2 2 - 5 5 5 . 8 5 8 3 7 .0 1 - N e w  e x c h a n g e r

2 3 - 1 1 8 4 .9 6 8 2 7 2 . 7 9 - N e w  e x c h a n g e r

2 4 - 7 3 8 . 3 5 9 1 3 7 .2 4 - N e w  e x c h a n g e r

2 5 - 7 2 6 0 .5 3 4 1 1 3 8 .4 8 - N e w  e x c h a n g e r

2 6 - 4 0 0 4 .6 4 7 5 4 . 4 2 - N e w  e x c h a n g e r

2 7 - 2 5 6 9 4 .0 5 7 6 7 6 9 . 5 0 - N e w  e x c h a n g e r

2 8 - 1 4 5 .1 5 3 6 .7 7 - N e w  e x c h a n g e r

2 9 1 6 1 2 2 .8 6 1 2 5 4 8 .1 3 - N e w  e x c h a n g e r

3 0 1 9 1 7 .5 2 8 2 2 4 . 7 6 " N e w  e x c h a n g e r



T (°C) FCp (kW/°C) T(°C)
136.186

♦A, NS
197.495

123.060

♦A. NS20.722
+A, NS

63.166

57.687
♦A, NS

48.526

253.551

HUI2, New

[บ 11. New392.550

N o t a t i o n :  N e w  e x c h a n g e r  ( N e w ) ,  A r e a  a d d i t i o n  ( + A ) ;  N e w  s h e l l  ( N S ) ,  A r e a  r e d u c t io n  ( - A )

F ig u r e  A 7  R etrofitted  heat ex c h a n g e r  resu lts (7 th a ltern a tiv e  d e s ig n  at A T m,n= 13 °).
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30
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A 8  8 th A ltern a tiv e  D e s ig n

T a b le  A 8  R etrofitted  heat ex ch a n g er  resu lts (8 th a ltern a tive  d esig n  at ATmin =  13 °C )

H e a t  E x c h a n g e r
O r ig in a l  a r e a  

(ทา2 )

L o a d  a f t e r  r e tr o f i t  

( k W )

R e t r o f i t  a r e a  

( n r )

A r e a  c h a n g e  

(ทา2 )

1 4 3 0 3 .2 1 2 6 5 9 .4 1 2 9 1 4 .2 6 - 1 3 8 8 .9 4 A r e a  r e d u c t io n

2 6 3 . 8 - - - -
3 3 3 . 2 9 - - - -
4 4 .0 6 2 6 7 7 .3 2 2 0 . 5 9 1 6 .5 3 A r e a  a d d i t i o n  ( n e w  s h e l l )

5 2 6 . 7 9 9 4 5 . 2 1 4 8 3 . 9 ) 5 7 . 1 2 A r e a  a d d i t i o n  ( n e w  s h e l l )

6 2 4 . 6 5 4 2 5 .1 9 4 1 6 9 .7 5 1 4 5 .1 5 A r e a  a d d i t i o n  ( n e w  s h e l l )

7 5 .8 7 2 9 5 . 8 3 3 5 .8 7 0 .0 0 -
8 1 4 6 .5 9 7 8 0 1 .1 5 1 1 5 .8 7 - 3 0 . 7 2 A r e a  r e d u c t io n

9 1 2 1 4 .4 - - - -
10 8 0 .2 2 6 0 . 8 3 9 .1 1 - 7 1 . 0 9 N e w  e x c h a n g e r

11 6 5 8 .7 1 9 1 5 0 .9 0 1 8 0 7 .4 5 1 1 4 8 .7 5 A r e a  a d d i t i o n  ( n e w  s h e l l )

12 4 0 - - - -
13 1 8 2 .3 9 - - - -
14 1 0 1 .4 7 - - - -
15 9 3 . 8 7 - - - -
1 6 2 8 8 . 9 7 1 8 6 2 5 .8 6 1 2 8 8 . 9 7 0 .0 0 -
17 5 2 .2 4 - - - -
18 9 7 6 .4 2 2 3 1 2 .3 3 8 5 9 3 . 7 0 - 3 8 2 . 7 0 A r e a  r e d u c t io n

1 9 - 1 0 2 5 4 .8 3 3 1 6 3 1 .8 0 - N e w  e x c h a n g e r

2 0 - 2 2 5 1 .9 9 7 2 4 4 . 5 0 - N e w  e x c h a n g e r

2 1 - 2 1 9 8 .2 7 8 2 2 1 . 3 7 - N e w  e x c h a n g e r

2 2 - 7 3 8 . 3 5 9 1 3 7 .2 4 - N e w  e x c h a n g e r

2 3 - 5 5 5 . 8 5 8 9 7 . 3 7 - N e w  e x c h a n g e r

2 4 - 7 2 6 0 .5 3 4 1 1 3 8 .4 8 - N e w  e x c h a n g e r

2 5 - 4 0 0 4 .6 4 7 5 4 . 4 2 - N e w  e x c h a n g e r

2 6 - 2 5 6 9 4 . 0 5 7 6 7 6 9 . 5 0 - N e w  e x c h a n g e r

2 7 - 1 4 5 .1 5 3 6 .7 7 - N e w  e x c h a n g e r

2 8 - 1 6 1 2 2 .8 6 1 2 5 4 8 .1 3 - N e w  e x c h a n g e r

2 9 - 1 9 1 7 .5 2 8 2 2 4 . 7 6 - N e w  e x c h a n g e r
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T (°C) FCp (kW/°C) T(°C)

232 2 C2

N o t a t i o n :  N e w  e x c h a n g e r  ( N e w ) ,  A r e a  a d d i t i o n  ( + A ) ;  N e w  s h e l l  ( N S ) ,  A r e a  r e d u c t io n  ( - A )

F ig u r e  A 8  R etrofitted  heat e x c h a n g e r  resu lts  (8 th a ltern a tive  d es ig n  at A T mjn=  13 ๐).
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A 9  9 th A ltern a tiv e  D e s ig n

Table A 9  R etrofitted  heat ex ch a n g er  resu lts ( 9 th a ltern ative  d e s ig n  at A T mjn= 13 °C)

H e a t  E x c h a n g e r
O r ig in a l  a r e a  

( m 2)

L o a d  a f t e r  r e tr o f i t  

( k W )

R e t r o f i t  a r e a  

( i n 2)

A r e a  c h a n g e  

( m 2)

1 4 3 0 3 .2 1 2 6 5 9 .4 1 2 9 1 4 .2 6 . - 1 3 8 8 . 9 4 A r e a  r e d u c t io n

2 6 3 . 8 - - - -

3 3 3 . 2 9 - - - -

4 4 . 0 6 2 6 7 7 .3 2 2 0 . 5 9 1 6 .5 3 A r e a  a d d i t i o n  ( n e w  s h e l l )

5 2 6 . 7 9 1 2 4 .3 3 4 2 4 . 0 6 - 2 . 7 3 A r e a  r e d u c t io n

6 2 4 . 6 5 4 2 5 .1 9 4 1 6 9 .7 5 1 4 5 .1 5  - A r e a  a d d i t i o n  ( n e w  s h e l l )

7 5 .8 7 2 9 5 . 8 3 3 5 .8 7  . 0 . 0 0 -

8 1 4 6 .5 9 7 8 0 1 .1 5 1 1 5 .8 7 - 3 0 . 7 2 A r e a  r e d u c t io n

9 1 2 1 4 .4 - - - -

1 0 8 0 . 2 1 0 8 1 .7 1 7 0 .8 1 - 9 . 3 9 A r e a  r e d u c t io n

11 6 5 8 . 7 1 9 7 8 9 .9 4 1 9 8 7 .0 3 1 3 2 8 .3 3 A r e a  a d d i t i o n  ( n e w  s h e l l )

12 4 0 - - -

13 1 8 2 .3 9 - - - -

14 1 0 1 .4 7 - -

15 9 3 . 8 7 - - - -

1 6 2 8 8 . 9 7 1 8 6 2 5 .8 6 1 2 8 8 . 9 7 0 . 0 0 -

17 5 2 . 2 4 - - - -

18 9 7 6 . 4 2 2 3 1 2 . 3 3 8 5 9 3 . 7 0 - 3 8 2 . 7 0 A r e a  r e d u c t io n

19 - 1 0 2 5 4 .8 3 3 1 5 1 7 .0 8 - N e w  e x c h a n g e r

2 0 - 7 9 2 . 0 7 8 6 0 . 7 7 - N e w  e x c h a n g e r

2 1 - 2 1 9 8 .2 7 8 1 1 8 .4 8 - N e w  e x c h a n g e r

22 - 1 5 5 9 .2 3 9 3 3 5 . 0 8 - N e w  e x c h a n g e r

2 3 - 5 5 5 . 8 5 8 9 7 . 3 7 - N e w  e x c h a n g e r

2 4 - 7 2 6 0 .5 3 4 1 1 3 8 .4 8 - N e w  e x c h a n g e r

2 5 - 4 0 0 4 . 6 4 7 5 4 . 4 2 - N e w  e x c h a n g e r

2 6 - 2 5 6 9 4 . 0 5 7 6 7 6 9 . 5 0 - N e w  e x c h a n g e r

2 7 - 1 4 5 .1 5 3 6 .7 7 - N e w  e x c h a n g e r

2 8 - 1 6 1 2 2 .8 6 1 2 5 4 8 .1 3 - N e w  e x c h a n g e r

2 9 - 1 9 1 7 .5 2 8 2 2 4 . 7 6 - N e w  e x c h a n g e r
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T (“CI FCp (kW/“C) TfC)

232 2 C2

N o t a t i o n :  N e w  e x c h a n g e r  ( N e w ) ,  A r e a  a d d i t i o n  ( + A ) ;  N e w  s h e l l  ( N S ) ,  A r e a  r e d u c t io n  ( - A )

F ig u r e  A 9  R e tr o f i t t e d  h e a t  e x c h a n g e r  r e s u l t s  (9 th a l t e r n a t i v e  d e s ig n  a t  A T min= 13 °).
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Appendix B Manual for Grassroots and Retrofit Potential Programs

B1 Potential Grassroots Program 

B l . l  Background
So far the use o f Pinch Analysis has been considered for setting 

the energy targets for a process. These targets are dependent on the choice o f the 
DTmm for the process. Lowering the value o f DTmin lowers the target for minimum 
energy consumption for the process.

For certain types o f applications such as refinery crude preheat
trains, where there are few matching constraints between hot and cold streams; it is
possible to set capital cost targets in addition to the energy targets. This allows the
consideration o f the trade-offs between capital and energy in order to obtain an
optimum value o f DTmin ahead o f network design.

Program
B1.2 M S office incorporated with Visual Basic for Application (VBA)

D«t« Review View
“ns&àm-ïfc-z/isèpt - Microsoft Extef

Developer Arid-Ins •
,eg\ JOT. 3—' Home Invert layout

''-1 A vut • 1Î A* a" I ** ■» S3 1 wrap teat General
<“ ♦ y Iไ!.).™,, ร»’- A  * . » »  « *  u iw v i ,» » . .  ร ุ*- •» . -A a  '«•»

f e  น  i f )  3 “
O oboj'C «.• fpwie-t

format Cell Potmattmd * a  Taste • 5ty<ts - 'Àyiti

I n p u t  d a ta

CH I Cl, I c»j

Entfi a current nummics temperature approximation OI Heat Recovery Apprcum «Km Temperatuff (HRA7)
1 AT.inlCl ITT

Ploetms Option» for ït 1UàaT»»|Cl I..... ..II..Vto oTmta m ! ?: '

tlilie•DataHOT cots 1'ะc lot !TlttCJ iOC »Tea (C l « *v
___r.__________ ........ะ..'Ï.......

ร
Cl I q  I C) I Cl I Cl I Cl I q  I q  I q  I cil 1 I Cl) I CTI [ c» I CM I Cl, 1fU uu

Figure B1 MS office Program Feature.
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Economic data

......
น* X1- t  - ะ.»

โ*.*hir.fH Celt ท!», 1» — V{A'"๓ร»;’ j
A : »r*» (m‘ )
ร!ะ. >r.. citetete ’.ใ p-.jjne;

[ Capital Com Mwhad ferSapormyrfttt I l J OPTIONSIs Snyb.fawnKฟ  cw 
Î: A aaulixcd Com3: y»t PrgsCTS V»hso___ _

'jr.rtr. ร«พ næjth:tC Ctf.u! Cm (ร Vf*. Sstigy Cm» (S yf -  Csfi’jc ะพ! • It;il'*  I- î.!-:'* -Ï ; ร*ร [*► ***;< Coe CSj» so*rjy Catf f; 1 i 1 Ctptai ร»*!
ะ.'*! fr*wi! - E«*tc ร»visf»* Surr._f il <!-*> » .■ ■ะ*รirr-rr*'. ท)! îCr*r»rrJMl> ■  รทะรน่พ tr i
ริ-»CK K :=v«:=«ร 1ร็ร้.0&* Ïï*!îy ร»''-P  ะ'«ร!!; ระร!

Figure B1 (Cont.) MS office Program Feature.

Warning:
• Enter Fcp, h, Tin, and Tout for hot and cold streams.
• Use only as many cells are needed. Leave the rest.blank.
• Cannot use more than 20 hot and 20 cold streams.
• Do not use negative or zero temperatures.
• Supertargeting results are obtained by running the macro ("Calculate 

Supertargeting" button)

B1.3 Instructions

B 1.3.1 Enter Fcp (kW/°C), h (k w /°c .m 2), Tin (°C), and Tout 
(°C) for hot and cold streams as shown in Figure 2B.

In p u t  d a ta

Cold Streams
Cl C2 1 C3 I C4 1 C5 1 C6 1 C7 1 C8 C9 1 CIO 1 Cil 1 0 2  1 0 3  1 0 4  1 0 5  1 0 6  1 07  1 0 8  1 0 9  i C20FcplkWCJ 933 196Tin IC I 26 118Tew* [C] 127 265h lkWCjff*21 0.15 0.5

Figure B2 Input Fcp, h. Tin, and Tout.
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B 1.3.2 Enter a current minimum temperature approximation or 
Heat Recovery Approximation Temperature (HRAT), HRAT region for calculation, 
and Utility Data as illustrated in Figure 3B.

E n te r  a  c u r r e n t  m in im u m  te m p e r a tu r e  a p p r o x im a t io n  o r  H e a t  
R e c o v e r y  A p p r o x im a t io n  T e m p e r a tu r e  ( H R A T )

utility DataHOT COLDFcp [lew's] 120 100Tm [Cl 500 20Tout [C] 499 40h [kW/c.mA2] 0.53 0.53
Plotting Options for ATMin ATmln [C] Max ATmln [C] 5.030.0

F igure B3 HRAT, HRAT region for calculation, and Utility Data.

B l.3.3 Enter an Economic Data which consisted o f Utility cost, 
Cost annualized data, and Exchanger cost (Cost law coefficient). As illustrated in 
Figure 4B.

Economic data

utility cost 1
Hot (S/kW) 120-0 1
Cold (SAW) 20.0 1

Exclu»,ger cost.(ร) S,6Î0.00
b (ร/ทน) S57.00Cfl i V 1.00

Cost Annualization data
ท = Life Time (yrs) 5
i -  Interest rate (%) 3% 1

Exchanger Cost =  Nmin* [a -F b(A"NYnin)c ]
A  : a rea  (m :  )
Nmin: calculated by program

Figure B4 Economic Data.

B l.3 .4  Select an option for Capital Cost Method for 
Supertargeting which are

Simple Annualized Cost
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SimpleAnnualizedCost = EnergyCost + CapitalCost

Interest Base Annualized Cost

InterestBase AnnualizedCost = EnergyCost + CapitalCost X /x ( i  + 0" 
0  + 1)” -1

Net Present Value
ท 1VP V = EnergySaving X  C apita lC ost.

*=1 (1 + 0

Capital Cost M ethod for Snpertargetlng '-j~ïj Ô

a

O P T IO N S
1: Simple Annualized Cost 
2t Interest-Based Annualized Cost 
3: Net Present Value

Figure B5 Capital Cost Method for Supertargeting.

B1.3.5 Supertargeting results are obtained by running the macro 
("Calculate Supertargeting" button)

Figure B6 Calculate Supertargeting Button.
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B 1.4 Main results: The Program can automatically generate results 
as shown in Figure 7B.

R ESU LTS

Mia. Utility (น■ พ) Utility Cost (ร.')1 r)
•tor ะ:-.Ç'S.Ç I.677.16I.0

•.1,725.3 234.578.0
Pinch Temptrauire |C|
HOÏ

Virw Muck Tables» ร Cura* 
Vim Ca Rpaj ite Curvet 

Vit» G nit) Cb nposite Cotre 
ViewlRB Dbjnun 

View Supertjiçr tin; Diagram

Vim• Strum' Diagram»
view Art J Cairuhts ท Régiras to SteJIM
View Met Pie lent Cost Diagram I 20 Streams
View Net Present VaW Dbpim

YiewROi Diagram

Years aced พ Amaothe (•) ÊmlITWSMFI.:..::-tACfSW
User chosen 0 2598,3566
Other

Î 2,598.556.6
1= 2JÜÎ.251.3
15 2140,816.2
20 2.08>.sr>.7

Total Vertical Meal Art* (m’ ) - j . 3,923.4
1schunger .Match Y mitai .Art» (m‘ ) = 1 5.2?5.6
Hot Utility Vertical Are* (»-’ ) ะ= ] 1049.5
Cold Utility Vertical Art* (a3 ) = 1 ; : Î22.S
Capital Cost {ร) - j 5,431,353.1
Tout Fner«y Cost (ร.';r)

User chosen 5 ะ 461,541.3
Other

? 246! 541.3
10 ะ.314,328.7
15 2. ะ», SÎÎ.Î
20 ะ.แะ.-&}J

) ears used <0 Annualité (ท} .NPC (ร} •
User chosen ; 12 1SS..165 8
Other

5 12,188.165 8
10 13.'41.693.4
15 262Î7.13 3.?
20 31.877.969.3

Sapertarge-ttng Rt J
Optimum AT min [Cj - 16.53
Optimum Hot Utility usage (kW) - 11519 85
Optimum Cold Utility usage (kW) ร.669 9
Optimum Totsl Vertical Weal Are* (m! ) 5.1184
Optimum Number of etchsngrrc ร
Net Present Value (ร) tt,sr,842.i
Return on imestruent (9i>) .... ะ-?ร *
Internal me o( return (4h) 11.6**

“VksrÂnD***”

Figure B7 Main Results Feature.

B 1.5 Number o f  streams, Pinch temperature, Minimum utility, and 
Utility cost are shown at the top o f  result as illustrated in Figure 8B.
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R E S U L T S

Number of StreamsHOT cou?
5

Min. Utility (kW) Utility Cost (Sÿr)
HOT 13.97ร 9 1,677,46$ 0
cot โ. 11,728.9 234,578.0

Pinch Temperatore [CJ
HOT cor »
159 is:

Figure B8 Num ber o f streams, Pinch temperature. M inimum utility, and Utility 
cost.

B1.6 There are IS  command buttons; “View Pinch Tableau & 
C ascade”, “View Composite C urves”, “View Grand Composite Curve", “Stream s’ 
D iagram s”, “6 S tream s”, “10 Stream s”, “20 S tream s”, “Area Calculation 
Regions”, “Net Present C ost”, “Net Present Value”, “Internal rate o f  return”, 
“Return on investm ent”, and  “Supertargeting d iagram " which can automatically 
show those results

ViewPinchTableau*Cascade ' j

View Composite Cuives

View Grand Composite Curve

ViewERR Diagram

View Supertarge ting Diagram

View Streams’ D in grams

ViewArea Calculation Regions

ViewNet Present Cost Diagram

6 Streams

10 Streams

20 Streams

ViewNet Present Value Diagram

ViewROI Diagram

Figure B9 All 13 command buttons.

Bl. 7 Total vertical ideal area, Exchanger match vertical ideal area, 
Hot utility vertical ideal area, Cold utility vertical ideal area, Number o f  exchangers, 
Capital cost, and Energy cost are shown in the table as illustrated in Figure JOB.
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Total Vertical Ideal Area (ณ2 ) 3,923.4
Exchanger Match Vertical Area (m: ) = 3,295.6

Hot Utility Vertical Area (nr ) = 104.9
Cold Utility Vertical Area (nr ) = 522.8
Number of Exchangers 8
Total Energy Cost (S/yr) 1,912,046.0
Capital Cost (ร) = 3.431.553.1

F igure BIO Ideal area, Number o f exchangers, Energy cost, and Capital cost table.

B1.8 Simple total annualized cost, Interest-based total annualized  
cost, and Net present cost are shown in the table as shown in Figure 1 IB.

Tésts te Antiadêwiij) TAC
User choses 9 2,598.556 6
Other

5 . . ’ 2,508,356.6
10 2,25531.3
15 2.140,516.2
20 2,083,623.7

. . _
Y«rt 05๙ !» Ana«»Ii2» (a) NTCffl

User chosen 5 12,188,1658
Other

5 12,188,163.8
10 19,741,693.4
15 26,257.433.7
20 31,877,569.3

Figure B l l  Simple total annualized cost, Interest-based total annualized cost, and 
Net present cost.

B1.9 Supertargeting results are shown in Figure 12B. View all data 
command button can automatically show all data in detail.



1 0 5

Supertargeting Results
Optimum ATmin [C] = 16.5
Optimam Hot Utility usage (kW) = 11,919 9
Optimum Cold Utility usage (kW) - 9,669 9
Optimum Total Vertical Ideal Area (mJ ) - 5,1-4 ร 4
Optimam Nnmber of exchangers = ร
Net Present Vaine (ร) = 11.917.842.1
Return on investment (%) - 27.5%
Internal rate of return (%) น.6%

F ig ure  B12 Supertargeting results and View all data command button.

B1.10 Printing option fo r  Composite curves and Grand composite 
curve which is used'.for adjusting an axis scale as illustrated in Figure 13B. There 
are 2 options auto scale and adjust scale. Push update value button every time after 
selecting an option and input scale value.

P rin tin g  O p tio n  fo r  G r a p h s ---------------- j

Figure B13 Printing option for Composite Curves and Grand Composite Curve.
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B 1.11 Worksheets

B 1.11.1 “INPUT DATA & MAIN RESULTS”
Sheet “INPUT DATA & MAIN RESULTS” is consist 

o f 2 parts Input data and results as illustrated in Figure IB, 7B.
B IT  1.2 Tableau & Stream Cascade

Sheet “Tableau & Stream Cascade” shows problem 
table or pinch cascade and stream plot as shown in Figure 39. Automatically show 
when push “View Pinch Tableau & Stream Cascade” button in sheet “INPUT DATA 
& MAIN RESULTS” .

Pinch Cascade

Figure B14 Sheet “Tableau & Stream Cascade”.

B IT  1.3 Composite curves
Sheet “Composite curves” shows composite curves o f 

input stream data which automatically show when push “View Composite Curves” 
button in sheet “INPUT DATA & MAIN RESULTS” .
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Composite Curves

Cumulative Enthalpy (k\Y) j"Dim DATA & USES' RISIXTS" i

Figure B15 Sheet “Composite Curves” .

B 1.11.4 Grand Composite
Sheet “Grand composite” show Grand composite curve 

o f input stream data which automatically show when push “View Grand Composite 
Curve” button in sheet “INPUT DATA & MAIN RESULTS”.

G rau d  C o m p o site  C l in  e

"EVPIT DATA & MAIN RISIXTS”

Figure B16 Sheet “Grand Composite” .
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Streams
B 1.11.5 Stream Diagram, 20 Streams, 10 Streams, and 6

Sheet “Stream Diagram”, “20 Streams”, “ 10 Stream”, 
and “6 Steams” show 40 streams’ diagram, 20 streams’ diagram, 10 streams’ 
diagram, and 6 streams’ diagram, respectively o f input stream data which 
automatically show when push “View Streams’ Diagram”, “20 streams’ diagram”, 
“ 10 streams’ diagram”, and “6 streams’ diagram” button, respectively in sheet 
“INPUT DATA & MAIN RESULTS”.

S tream s D ia g ra m

I !

I kI 0 so ÎOO

Figure B17 Sheet “6 Streams”.

B 1.11.6 Area Calculation Region
Sheet “Area Calculation Region” shows Vertical heat 

transfer area calculation region o f input stream data and utility data which 
automatically show when push “View Area Calculation Region” button in sheet 
“INPUT DATA & MAIN RESULTS”.

“INPUT DATA A MAIN
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Region in Composite Curves

Cumulative Enthalpy (ktt) "INPUT DATA A MAIN RESULTS” I

Figure B18 Sheet “Area Calculation Region”.

B 1.11.7 Supertargeting
Sheet “Supertargeting” shows Economic Trade-off o f 

selecting option and input stream data which automatically show when push “View 
Supertargeting Diagram” button in sheet “INPUT DATA & MAIN RESULTS”.

ร  น p e r t  a  r g  e  t i ท g  n i a  g  r a m

5000-300

;

Figure B19 Sheet “Supertargeting”.
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B l . 1 1 . 8  1R R . N P C ,  N P V ,  R O I
S h e e t  “ I R R ” , “ N P C ” , “ N P V ” , a n d  “ R O I ” s h o w  R a te  o f  

R e tu r n , N e t  P r e s e n t  C o s t ,  N e t  P r e s e n t  V a lu e ,  a n d  R e tu r n  o n  in v e s t m e n t ,
r e s p e c t i v e ly  w h i c h  a u t o m a t ic a l ly  s h o w  w h e n  p u s h  “ V i e w  I R R  D ia g r a m ” , “ V i e w  N e t  

P r e s e n t  C o s t ” , “ V i e w  N e t  P r e s e n t  V a lu e ” , a n d  “ V i e w  R O I D ia g r a m ” b u tto n ,  
r e s p e c t i v e ly  in  s h e e t  “ I N P U T  D A T A  &  M A I N  R E S U L T S ” .

"INPUT DATA & MAIN KISULIS" I

Figure B 2 0  S h e e t  “ I R R ” .

N e t P r e s e n t  V a lu e  C u r v e

J ï | q INPIT DATA ร MAIN RISU.IS'

Figure B21 S h e e t  “N P V ” .



Rate on investm ent

0 5 10 ะร 20 ะร 50 55
iT|Cl "IMCT DATA & MAIN RÏSU.7 ร"

Figure B22 S h e e t  “ R O I ” .

B  1 .1 1 .9  A u x - a r r a n g e  t e m p , A u x - C a s c a d e ,  A u x - G r a p h s ,  A u x -  

A id e a l ,  a n d  S u p e r t a r g e t in g  C a lc u la t io n
S h e e t  “ A u x - a r r a n g e  t e m p ’', “ A u x - C a s c a d e ” , “ A u x -  

G r a p h s ” , “ A u x - A i d e a l ” , a n d  “ S u p e r ta r g e t in g  C a lc u la t io n ” i s  a n  a u x i l ia r y  s h e e t  w h ic h  

c o n t a in  f o r m u la  a n d  f u n c t io n s  fo r  e v a lu a t io n  th e  r e s u lt s .

B l. 12 Visual Basic fo r A pplica tion  (Source code)

B  1 .1 2 .1  S o r t  D a ta  F u n c t io n  ( in  M o d u le  4 )



(General)
O p tion  E x p l i c i t  _
P u b lic  F u n c tio n  r s o r t i r  As V a r ia n t)  As V a r ia n t
Dim s e le c t e d _ r a n g e  As Range
Dim x ( )  P.3 V a r ia n t  
Dim x_tem p () As V a r ia n t  
Dim x_c -As V a r ia n t
Dim x _ r d ()  As V a r ia n t  ’ remove d u l p l i c a t e  
Dim x _ s o r t ( )  As V a r ia n t 1 s o r t  from  min t o  max
Dim c_tem p p.s V a r ia n t
Dim x _ b i t  As B oo lea n  
Dim c_nx P.3 S in g le
Dim ท X As S in g le  
Dim i l  As S in g le  
Dim i2  As S in g le  
Dim i3  As S in g le  
Dim i*J As S in g le  
Dim item  As V a r ia n t

ท_x = r . Count
ReDim x ( l  To ท_x)
ReDim x_terop(i To ท X)
i l  » 1
For i l  = 1 To ท_x|

X temp( i l )  “ N ull 
Next i l
I i m s m i t n n m i t ! ! ! !  Pound to ร decim al **********************
i l  -  1
For Each item  In r

'round up to  5 decim al p la ces  
I f  IsNum eric(item .V alue) = True Then

x ( i l )  = A pplication.W orksheetFunction .R ound(item .V alu e, ร)
E lse

x ( i l )  = item .V alue  
End If
i l  = i l  + 1

Figure B23 S o r t  D a t a  F u n c t io n  ( in  M o d u le  4 ) .



Next
' ft********************* Remove Dup 1 ica te  Data ****************
i l  * 1c_nx = 1
For i l  * 1 To ท_x 

x_c = X(i 1)
I f  Mot IsNuirier ic  (x_c) = True Then 

GoTo next_x 
End If

For i2 “ 1 To ท_x
If x_๐ =. X_temp(i2) Then 

X_b.it = True 
End I f  .

Next i2
If x_b it * -False Then x_temp(c_nx) = x_c

c_nx =■ c_nx + 1 
End If -

x_b it = F alse  
next_x:

Next i l
I  * * *  *  *  *  *  * * * * * * *  ft * * ร ** ร * C o llec t Data m  Array It*#*****»* ร******* 
Dim ท_r As S in gle
ท_r - c_nx - 1
ReDim x_fd {1 To ท__r)
i l  = 1

For i l  = 1 To ท_r
x_rd (il) « x_tew p(il) 

Next i l

iT * ir s tîî ï î* r * r î! ir s» r ï Sort data from min to max ************** 
ReDim x _ so r t(1 To ท_r) 
i l  » 1
For i l  * 1 To ท_r

x _ so r t{ il)  “ Application. HorksheetFunction.Small (x_rci, i l )  
Next i l  
i l  -  1************************** Transpose Data ร************ร******» 
rsort = Application.Transpose(x_sort)

End Functioท__________________________________________________________

Figure B23 (Cont.) S o r t  D a ta  F u n c t io n  ( in  M o d u le  4 ) .
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B l . 1 2 . 2  D i s c o u n t  F a c to r  F u n c t io n  ( in  M o d u le  5 )

j Microsoft Visual Basic - Grassroots-sk-29-sept.xlsm - [Modules (Code)]
File £<fit Vitw Insert Format Btbug Pun Tools £dd-Im Window

i  y  J ฟ ้ร : > u 3 ^  & 3? -

^  VBAProjett (Grassroots-sk-29-sept.~ ©I Microsoft Excel objectsร ุ Chartl (Area Calculation Region) ร ุ ChartlO (10 Streams Diagram) ร ุ Chart 11 (20 Streams Diagram) รุ) Chartl3 (Steer targeting)รุ! Chart2 (NPC)ร ุ Charts (IRR)ร ุ Chart4 (NPV)ร ุ Charts (ROI)ร ุ Chart6 (Composite Curves)ร ุ Chart? (Grand Composite)ร ุ Charts (6 Streams Diagram)ร ุ Chart9 (Streams Diagram)ร ุ Sheet 10 (Aux-Graps)ร ุ Sheet 11 (Aux-Aideal)ร ุ Sheet 12 (Supertargeting Calcula ร ุ Sheet2 (Aux-Anange temp)ร ุ Sheet3 (Acer-Cascade)ร ุ Sfieet4 (INPUT DATA & MAIN Rl ร ุ sheets CTabteau & stream Case; ร  ThsWafcbook *3 Modties Module 1 Module2 *3 Modules ♦ ÎJ Modute4 Modules Modutee MockJe7

Option Explicit
Publ ic Function myNPV(ท As Integer,  i  As Single)  As Si
Dim k As Integer  
Dim inNPC As Single

For k “ 
inNPC ’ 
myNPV : 

Next k
End Function

1 To ท(1 /  (1 + 1) * 
inNPC *■ myNPV

ชร

Figure B24 D i s c o u n t  f a c to r  f u n c t io n  ( in  M o d u le  5 ) .

1 .1 2 .3 B  V a r y  D T m in  p r o c e d u r e  ( in  M o d u le  7 )

Option Explicit 
Sub SupertargetingO

'---------- To collect Hot & Cold Utility of base case ...............

Sheets("Aux-Cascade"). Select 
Range("C 18")Select 
Selection.Copy

Sheets("Aux-Aideal"). Select 
Range("BR 19"). Select
Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

:=False. Transpose:=False

SheetsC’Aux-Cascade"). Select 
Range("C20"). Select



A p p l ic a t io n .C u tC o p y M o d e  =  F a lse

Selection.Copy 
Sheets("Aux-Aideal"). Select 
Range("BR20"). Select
Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

:=False, Transpose:=False

Sheets("Aux-Cascade").Select 
Application.CutCopyMode = False

----------- To collect capitalcost of base case----------------

Sheets(" Aux-Aideal"). Select 
Range("BS 14").Select 
Selection.Copy 
Range("BS 13").Select
Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

:=False, Transpose:=False 
Application.CutCopyMode = False

To vary delta T 50 times

It* * * * * * * ** * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ]

SheetsC'INPUT DATA & MAIN RESULTS").Select 
Range("F34"). Select 
Selection.Copy

Range("AH53").Select
ActiveSheet.Paste
Application.CutCopyMode = False

Range("F34"). Select



A c t iv e C e l l .F o r m u la R I C l  =  " = R [-3 2 ]C [2 8 ]

Sheets("Aux-Aideal").Select 
Range("cal5:ctl5").Select 
Selection.Copy
SheetsC’Supertargeting Calculations").Select 
Range("Cl 1 ").Select
Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

:=False, Transpose:=FaIse

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * 2

SheetsC’INPUT DATA & MAIN RESULTSM).Select 
Range("F34"). Select

ActiveCell.FormulaRICl = "=R[-31 ]C[28]"

Sheets(" Aux-Aideal"). Select 
Range("cal5:ctl5").Select 
Selection.Copy
Sheets("Supertargeting Calculations").Select 
Range("C 12"). Select
Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

:=False, Transpose:=False

* * * * * * * * ** * * * * * * * * * ** * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * ** * * * * * * * * * 2

Sheets("FNPUT DATA & MAIN RESULTS").Select 
Range("F34").Select

ActiveCell.FormulaRICl = ”=R[-30]C[28]"

Sheets(" Aux-Aideal").Select 
Range("cal5:ctl 5").Select 
Selection.Copy
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Sheets("Supertargeting Calculations"). Select 
Range(”C 13"). Select
Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

:=False, Transpose:=False

t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 4

Sheets("lNPUT DATA & MAIN RESULTS").Select 
Range("F34"). Select

ActiveCell.FormulaRlCl = "=R[-29]C[28]M

Sheets("Aux-Aideal"). Select 
Range("cal5:ctl 5").Select 
Selection.Copy
Sheets("Supertargeting Calculations").Select 
RangeC'C 14"). Select
Selection.PasteSpecial Paste:=xlPasteValues, Operation:=x!None, SkipBlanks _ 

:=False, Transpose:=False

Sheets("INPUT DATA & MAIN RESULTS").Select 
Range("F34"). Select

ActiveCell.FormulaRlCl = "=R[-28]C[28]"

Sheets) "Aux-Aideal").Select 
Range("cal5:ctl5").Select 
Selection.Copy
Sheets)"Supertargeting Calculations").Select 
RangeC'C 15").Select
Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone. SkipBlanks 

:=False, Transpose:=False

'* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ^
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SheetsC'INPUT DATA & MAIN RESULTS").Select 
Range("F34"). Select

Acti veCell.FormuIaR 1 c  1 = ”=R[-27]C[28]"

Sheets("Aux-Aideal"). Select 
Range("cal5:ctl 5").Select 
Selection.Copy
Sheets!"Supertargeting Calculations").Select 
Range("Cl 6").Select
Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks_ 

:=False, Transpose:=False

| * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 7

SheetsC'INPUT DATA & MAIN RESULTS").Select 
Range("F34").Select

ActiveCell.FormulaRICl = "=R[-26]C[28]"

Sheets! "Aux-Aideal"). Select 
Range("cal 5:ct 15").Select 
Selection.Copy
Sheets!"Supertargeting Calculations").Select 
Range("C 17").Select
Selection.PasteSpecial Paste:=xlPasteValues. Operation:=xlNone, SkipBlanks 

i^False, Transpose:=False

SheetsC'INPUT DATA & MAIN RESULTS”).Select 
Range("F34"). Select

A c t iv e C e l l .F o r m u la R I C l  =  " = R [-2 5 ]C [2 8 ]
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Sheets("Aux-Aideal"). Select 
Range("ca 15:ctl5"). Select 
Selection.Copy
Sheets("Supertargeting Calculations"). Select 
Range("C 18").Select
Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

:=False, Transpose:=False

1****** *** * * * ** * * * * ** * * * * * * * * * * * * * * * ** * * * * * * * * * ** * * * * * * * * * * * * * * * 9

SheetsC'INPUT DATA & MAIN RESULTS").Select 
Range("F34"). Select

ActiveCell.FormulaRICl = M=R[-24]C[28]"

Sheets("Aux-Aideal"). Select 
Range("cal5:ctl5").SeIect 
Selection.Copy
Sheets("Supertargeting Calculations"). Select 
RangeC’C 19").Select
Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

:=False, Transpose:=False

SheetsC'INPUT DATA & MAIN RESULTS").Select 
Range("F34"). Select

ActiveCell.FormulaRICl = "=R[-23]C[28]"

Sheets("Aux-Aideal"). Select 
Range("cal5:ctl5").Select 
Selection.Copy
Sheets("Supertargeting Calculations”).Select 
Range("C20"). Select
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Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xlNone, SkipBlanks _ 
:=False, Transpose:=False

» * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ] ]

SheetsC'INPUT DATA & MAIN RESULTS").Select 
Range("F34"). Select

ActiveCell.FormulaRICl = ”=R[-22]C[28]"

Sheets(" Aux-Aideal"). Select 
Range(”cal5:ctl5").Select 
Selection.Copy
Sheets("Supertargeting Calculations").Select 
Range("C21 ").Select
Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks _ 

:=False, Transpose:=False

SheetsC'INPUT DATA & MAIN RESULTS").Select 
Range("F34"). Select

ActiveCell.FormulaRICl = "=R[-21]C[28]"

Sheets(”Aux-Aideal").Select 
Range("ca 15 :ct 15").Select 
Selection.Copy
Sheets(”Supertargeting Calculations").Select 
Range("C22").Select
Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone. SkipBlanks 

:=False, Transpose:=FaIse
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»****** **** **** ***** * * * * * * * * * * * * * * * * ** * * * * * * * * * ** * * * * * * * * * * * * * * J 3

SheetsO'INPUT DATA & MAIN RESULTS").Select 
Range("F34").Select

ActiveCell.FormulaR 1 c 1 = ”=R[-20]C[28]”

Sheets("Aux-Aideal").Select 
Range("cal5:ctl5").Select 
Selection.Copy
Sheets("Supertargeting Calculations").Select 
Range("C23").Select
Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xlNone, SkipBlanks 

:=False, Transpose:=False

|* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ]4

SheetsC'INPUT DATA & MAIN RESULTS").Select 
Range("F34"). Select

ActiveCell.FormulaR 1 c 1 = "=R[-19]C[28]"

Sheets("Aux-Aideal").Select 
Range("cal 5:ct 15"). Select 
Selection.Copy
Sheets("Supertargeting Calculations").Select 
Range("C24").Select
Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

:=False, Transpose:=False

'* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * ** * * * * * * * * * 1 5

SheetsC'INPUT DATA & MAIN RESULTS").Select
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Range("F34").Select

A c t iv e C e l l .F o rm u la R  1 c  1 =  ”= R [ - 1 8 ] C [ 2 8 ] ”

Sheets("Aux-Aideal").Select 
Range("cal5:ctl5").Select 
Selection.Copy
Sheets("Supertargeting Calculations").Select 
Range("C25"). Select
Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

:=False, Transpose:=False

> * ** * * * * * * * * * ** * * **** * ** ** ** ** ** ** * *** * ** ** ** **** ** * *** * ** ** ** *1^

Sheets('TNPUT DATA & MAIN RESULTS").Select 
Range("F34"). Select

ActiveCell.FormulaRICl = "=R[-17]C[28]"

Sheets("Aux-Aideal"). Select 
Range("ca 15:ct 15").Select 
Selection.Copy
Sheets("Supertargeting Calculations").Select 
Range("C26"). Select
Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

:=False, Transpose:=False

?******* **** **** *** *** * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * ** * * * * * * * * J '7

Sheets("INPUT DATA & MAIN RESULTS").Select 
Range("F34"). Select

A c t iv e C e l l .F o r m u la R I C l  =  " = R [-1 6 ]C [2 8 ]
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Sheets("Aux-AideaI").Select 
Range("cal5:ctl5").Select 
Selection.Copy
Sheets("Supertargeting Calculations").Select 
Range(”C27"). Select
Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

:=False, Transpose:=False

SheetsC’INPUT DATA & MAIN RESULTS").Select 
Range("F34"). Select

ActiveCell.FormulaRICl = ”=R[-15]C[28]"

Sheets("Aux-Aideal"). Select 
Range("ca 15 :ct 15"). Select 
Selection.Copy
Sheets)"Supertargeting Calculations").Select 
Range("C28").Select
Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

:=False, Transpose:=False

'* * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * ** * * * * * * * * * * * * * * * ** * * * * * * * * * ]()

SheetsC'INPUT DATA & MAIN RESULTS").Select 
Range("F34"). Select

ActiveCell.FormulaRICl = "=R[-I4]C[28]M

Sheets)" Aux-Aideal"). Select
Range("cal5:ctl5").Select
Selection.Copy
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Sheets("Supertargeting Calculations").Select 
Range("C29"). Select
Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone. SkipBlanks 

:=False, Transpose:=False

t**** * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * ** * * * * * * * * * ** * * * * * 2 0

SheetsC’FNPUT DATA & MAIN RESULTS").Select 
Range("F34").Select

ActiveCell.FormulaR 1 c  1 = "=R[-I3]C[28]"

Sheets("Aux-Aideal").Select 
Range("cal5:ct 15").Select 
Selection.Copy
Sheets("Supertargeting Calculations").Select 
Range("C30"). Select
Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone. SkipBlanks 

:=False, Transpose:=False

|* ** * * * * ** * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * ** * * * * * * * * * 2]

Sheets("INPUT DATA & MAIN RESULTS").Select 
Range(”F34"). Select

ActiveCell.FormulaR 1C 1 = "=R[-12]C[28]M

Sheets(” Aux- Aideal"). Select 
Range("cal5:ctl5").Select 
Selection.Copy
SheetsC'Supertargeting Calculât ions"). Select
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Range("C31 ").Select
Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

:=False, Transpose:=False

Sheets("INPUT DATA & MAIN RESULTS").Select 
Range("F34").Select

ActiveCell.FormulaRICl = "=R[-11]C[28]"

Sheets("Aux-Aideal").Select 
RangeC'ca 15 :ct 15"). Select 
Selection.Copy
SheetsC’Supertargeting Calculât ions").Select 
Range("C32").Select
Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks _ 

:=False, Transpose:=False

>**************************************************************23

SheetsflN PUT DATA & MAIN RESULTS").Select 
Range("F34"). Select

ActiveCell.FormulaRICl = "=R[-10]C[28]"

Sheets("Aux-Aideal"). Select 
RangeC'ca 15 :ct 15"). Select 
Selection.Copy
Sheets("Supertargeting Calculât ions"). Select 
Range("C33").Select
Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

:=False, Transpose:=False
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Sheets("INPUT DATA & MAIN RESULTS").Select 
Range("F34"). Select

ActiveCell.FormulaRICl = "=R[-9]C[28]M

Sheets(" Aux-A ideal").Select 
Range("ca 15:ct 15").Select 
Selection.Copy
Sheets("Supertargeting Calculations").Select 
Range("C34"). Select
Selection.PasteSpecial Paste:=xlPasteValues. Operation:=xlNone, SkipBIanks 

:=False, Transpose:=False

t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 2 5

SheetsC'INPUT DATA & MAIN RESULTS").Select 
Range("F34"). Select

ActiveCell.FormulaRICl = "=R[-8]C[28]"

Sheets("Aux-Aideal"). Select 
Range("ca 15 :ct 15").Select 
Selection.Copy
Sheets("Supertargeting Calculations").Select 
Range("C3 5"). Select
Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBIanks 

:=False, Transpose:=False

. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 2 6

SheetsC'INPUT DATA & MAIN RESULTS").Select
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Range("F34"). Select

A c t iv e C e l l .F o rm u la R  1 c  1 =  " = R [- 7 ] C [2 8 ]"

Sheets("Aux-Aideal").Select 
Range("cal 5:ctl5").Select 
Selection.Copy
Sheets("Supertargeting Calculations").Select 
Range("C36").Select
Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

:=False, Transpose:=False

1 * * * * * * * * * * : * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 9 2

SheetsC'INPUT DATA & MAIN RESULTS").Select 
Range("F34"). Select

ActiveCell.FormulaR 1 c  1 = ”=R[-6]C[28]"

Sheets("Aux-Aideal"). Select 
Range("cal5:ctl5").SeIect 
Selection.Copy
Sheets("Supertargeting Calculations"). Select 
Range("C37").Select
Selection.PasteSpecial Paste:=xlPasteVaIues, Operation:=xlNone, SkipBlanks 

:=False, Transpose:=False

.* * ** * * * ** * * * * ** * * * ** * * * * * * * * * * ** * * * * * * * * * ** * * * ** * * * * * * * * * ** * * * 2 8

SheetsC'INPUT DATA & MAIN RESULTS").Select 
Range(”F34"). Select
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A c t iv e C e l l .F o rm u la R  1 c  1 =  " = R [ - 5 ] C [2 8 ]M

Sheets("Aux-Aideal"). Select 
Range("cal5:ctl 5").Select 
Selection.Copy
Sheets("Supertargeting Calculations").Select 
Range("C3 8"). Select
Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

:=False, Transpose:=False

!**************************************************************29

SheetsCINPUT DATA & MAIN RESULTS").Select 
Range("F34"). Select

ActiveCell.FormulaR! Cl = "=R[-4]C[28]M

Sheets("Aux-Aideal").Select 
Range("ca 15 :ct 15”). Select 
Selection.Copy
Sheets("Supertargeting CaIculations").Select 
Range("C39").Select
Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

:=False, Transpose:=False

.**************************************************************30

SheetsC'INPUT DATA & MAIN RESULTS").Select 
Range("F34"). Select

ActiveCell.FormulaRICl = "=R[-3]C[28]"

Sheets("Aux-Aideal"). Select
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Range("cal5:ctl 5"). Select 

Selection.Copy

Sheets("Supertargeting Calculations").Select 

Range("C40"). Select

Selection.PasteSpeciai Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

:=False, Transpose:=False

r**************************************************************3]

SheetsC'INPUT D A T A  &  M A IN  RESULTS").Select.

Range("F34"). Select

ActiveCell.FormulaR 1 c 1 = M=R[-2]C[28]"

Sheets("Aux-Aideal").Select

Range("cal5:ctl5").Select

Selection.Copy

Sheets("Supertargeting Calculations").Select 

Range("C41 ").Select

Selection.PasteSpeciai Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks _ 

:=False, Transpose:=False

SheetsC'INPUT D A T A  &  M A IN  RESULTS").Select 

Range("F34"). Select

ActiveCell.FormulaR 1 c 1 = ”=R[-1]C[28]"

Sheets("Aux-Aideal").Select

Range("cal5:ctl5").Select

Selection.Copy

Sheets("Supertargeting Calculations").Select 

Range("C42"). Select
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Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

:=False, Transpose:=False

'**************************************************************33

SheetsO'INPUT D A T A  &  M A IN  RESULTS").Select 

Range("F34"). Select

ActiveCell.FormuIaRICl = ”=R[0]C[28]"

Sheets("Aux-Aideal"). Select 

Range("cal5:ctl 5").Select 

Selection.Copy

Sheets("Supertargeting Calculations"). Select 

Range("C43"). Select

Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

:=False, Transpose:=False

'**************************************************************34

SheetsO'INPUT D A T A  &  M AIN  RESULTS").Select 

Range("F34"). Select

ActiveCell.Form uIaRICl = "=R[1]C[28]"

Sheets("Aux-Aideal").Select 

Range("ca 15:ct 15"). Select 

Selection.Copy

Sheets("Supertargeting Calculations").Select 

Range("C44").Select

Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone. SkipBlanks 

:=False, Transpose:=False
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.**************************************************************35

Sheets("INPUT D A T A  &  M A IN  RESULTS").SeIect 

Range("F34").Select

ActiveCell.Form ulaRIC l = "=R[2]C[28]"

Sheets("Aux-Aideal").Select 

Range("cal 5:ctl 5").Select 

Selection.Copy

Sheets("Supertargeting Calculations").Select 

Range("C45").Select

Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

:=False, Transpose:=False

***************************************************************3^

Sheets("INPUT D A T A  &  M A IN  RESULTS").Select 

Range("F34"). Select

ActiveCell.Form ulaRIC l = ”=R[3]C[28]"

Sheets("Aux-Aideal").Select 

Range("cal 5:ct 15"). Select 

Selection.Copy

Sheets)"Supertargeting Calculations").Select 

Range("C46"). Select

Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

:=False, Transpose:=False

I**************************************************************3'7

Sheets("INPUT D A T A  &  M AIN  RESULTS").Select 

Range("F34").Select
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ActiveCell.FormulaRICl = "=R[4]C[28]"

Sheets(" Aux-Aideal"). Select 

Range("ca 15:ct 15"). Select 

Selection.Copy

Sheets("Supertargeting Calculations").Select 

Range("C47").Select

Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

:=False, Transpose:=False

SheetsC'INPUT D A T A  &  M AIN  RESULTS").Select 

Range("F34"). Select

ActiveCell.Form ulaRIC l = ”=R[5]C[28]"

Sheets(" Aux-Aideal").Select 

Range("cal5:ctl 5").Select 

Selection.Copy

Sheets)"Supertargeting Calculations").Select 

Range("C48"). Select

Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

:=False, Transpose:=False

'**************************************************************39

SheetsC'INPUT D A T A  &  M A IN  RESULTS").Select 

Range("F34"). Select

ActiveCe ll.Form ulaRIC l = "=R[6]C[28]
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Sheets(" Aux- Aideal"). Select 

Range("cal 5:ct 15").Select 

Selection.Copy

Sheets("Supertargeting Calculations").Select 

Range("C49"). Select

Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBIanks 

:=False, Transpose:=False

SheetsC'INPUT D A T A  &  M A IN  RESULTS").Select 

Range) "F34"). Select

ActiveCell.FormulaR J c  1 = "=R[7]C[28]"

Sheets("Aux-Aideal"). Select 

Range("ca 15:ct 15").Select 

Selection.Copy

Sheets)"Supertargeting Calculations").Select 

Range("C50"). Select

Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBIanks 

:=False, Transpose:=False

SheetsC’INPUT D A T A  &  M AIN  RESULTS").Select 

Range("F34"). Select

ActiveCell.FormulaR ICI = ”=R[8]C[28]"

Sheets)" Aux-Aideal"). Select 

Range("cal 5:ctl 5").Select 

Selection.Copy

Sheets)"Supertargeting Calculations").Select
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Range("C51 ”).Select

Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

“ False, Transpose:=False

!************************************************************* *42

SheetsflN PU T  D A T A  &  M A IN  RESULTS").Select 

Range("F34"). Select

ActiveCe ll.Form u laR lC l = "=R[9]C[28]"

Sheets("Aux-Aideal"). Select 

Range("cal5:ctl5").Select 

Selection.Copy

Sheets("Supertargeting Calculations").Select 

Range("C52"). Select

Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

:=False, Transpose:=False

SheetsflN PU T  D A T A  &  M A IN  RESULTS").Select 

Range("F34"). Select

ActiveCe ll.Form u laR lC l = "=R[10]C[28]M

SheetsfAux-Aideal").Select 

Range("cal5:ct 15").Select 

Selection.Copy

Sheetsf Supertargeting Calculations").Select 

Range("C53").Select

Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks
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:=False, Transpose:=False

SheetsC'INPUT D A T A  &  M A IN  RESULTS").Select 

Range("F34"). Select

ActiveCell.FormulaRIC 1 = "=R[ 11 ]C[28]"

'**************************************************************4^

Sheets(”Aux-Aideal").Select 

Range("ca 15 :ct 15").Select 

Selection.Copy

Sheets("Supertargeting Calculations"). Select 

Range("C54"). Select

Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

"Fa lse , Transpose:=False

I*************************************************************

SheetsC'INPUT D A T A  &  M A IN  RESULTS").Select 

Range("F34"). Select

ActiveCell.FormulaR 1 c 1 = ”=R[12]C[28]"

Sheets("Aux-Aideal").Select 

Range("ca 15 :ct 15").Select 

Selection.Copy

Sheets("Supertargeting Calculations").Select 

Range("C55"). Select

Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

:=False, Transpose:=False

'**************************************************************^^



136

SheetsC'INPUT D A T A  &  M A IN  RESULTS").Select 

Range("F34"). Select

ActiveCe ll.Form ulaRIC l = "=R[13]C[28]"

Sheets("Aux-Aideal").Select 

Range("cal5:ctl5").Select 

Selection.Copy

Sheets("Supertargeting Calculât ions"). Select 

Range("C56").Select

Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

:=False, Transpose:=False

»****************************%*********************************^^

SheetsC’INPUT D A T A  &  M AIN  RESULTS").Select 

Range("F34"). Select

ActiveCe ll.Form ulaRIC l = ”=R[ 14]C[28]"

Sheets("Aux-Aideal"). Select 

Range("cal5:ctl5").Select 

Selection.Copy

Sheets("Supertargeting Calculations").Select 

Range("C57").Select

Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

:=False, Transpose:=False

SheetsC'INPUT D A T A  &  M A IN  R ES U LT S ”).Select 

Range("F34"). Select
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ActiveCell.FormulaRICl = "=R[15]C[28]"

Sheets("Aux-Aideal").Select 

Range("ca 15 :ct 15 "). Select 

Selection.Copy

SheetsC'Supertargeting Calculations"). Select 

Range("C58"). Select

Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

:=False, Transpose:=False

'ะ*****************************************************-******** *49

SheetsC’IN PUT D A T A  &  M A IN  RESULTS").Select 

Range("F34"). Select

ActiveCe ll.Form ulaRIC l = "=R[16]C[28]"

Sheets("Aux-Aideal").Select 

Range("cal5:ct 15"). Select 

Selection.Copy

SheetsC'Supertargeting Calculations").Select 

Range("C59"). Select

Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks _ 

:=False, Transpose:=False

t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 5 0

SheetsC’INPUT D A T A  &  M A IN  RESULTS").Select 

Range("F34"). Select
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ActiveCell.FormulaRICl = "=R[17]C[28]"

Sheets("Aux-Aideal"). Select 

Range("ca 15 :ct 15"). Select 

Selection.Copy

Sheets("Supertargeting Calculations").Select 

Range("C60").Select

Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

:=False, Transpose:=False

SheetsC'INPUT D A T A  &  M A IN  RESULTS").Select 

Range("F34").Select

ActiveCell.Form ulaRIC l = "=R[ 18]C[28]"

Sheets("Aux-Aideal").Select 

Range("ca 15 :ct 15").Select 

Selection.Copy

Sheets)"Supertargeting Calculations").Select 

Range("C61 ").Select

Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

:=False, Transpose:=False

I******************** INPUT Delta X**********************

SheetsC'INPUT D A T A  &  M A IN  RESULTS").Select

Range)" AH53").Select 

Selection.Copy 

Range)" F34"). Select 

ActiveSheet.Paste 

Application.CutCopyMode = False
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Sheets("Aux-A ideal"). Select 

Range("ca 15:ct 15"). Select 

Selection.Copy

Sheets)"Supertargeting Calculations").Select 

Range("C66"). Select

Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks 

:=False, Transpose:=False

Sheets)" Aux-Aideal").Select 

Application.CutCopyMode = False

Shee tsflN PU T  D A T A  &  M A IN  RESULTS").Select 

Active Window. Scroll WorkbookTabs Position:=xlFirst

End Sub
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B2 Potential Retrofit Program 

B2.1 Background
Heat exchanger network (HEN) design is a key aspect o f 

chemical process design. Previous research work (Linnhoff and Hinmarsh, 1983; 
Floudas et ah, 1986; Yee and Grossmann, 1990) has mainly been directed to develop 
methods for the grassroots design o f HEN's. However, during the past two decades, 
the retrofit o f existing HEN has become more important than grassroots design. 
Because it gives a higher practical designed HEN in order to reduce significantly the 
operating costs.

Retrofit methods can be grouped into three broad categories 
which are thermodynamic based approaches including pinch analysis, mathematical 
programming methods and approaches combining both (Rezaei and Shafiei, 2009). 
The major objectives o f retrofit problems are the reduction o f the utility 
consumption, the full utilization o f the existing exchangers and identification o f the 
required structural modifications.

Retrofit mechanisms:
• Addition o f one or more new heat exchangers (in series or 

parallel)
• Relocation o f existing exchangers
• Area addition to existing heat exchangers

- Adding a shell
- Exchanging the bank o f tubes by one more efficient 

(Brown Fintube, Houston, TX)
• Area reduction to existing heat exchangers
• Modify piping on one or both sides o f the heat exchangers
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Program
B2.2 M S office incorporated with Visual Basic fo r  Application (VBA)

■ ะ Home : Insert- ^ A Cut
POM fa-. Rstrcfï?i3.-S«iîR • Mkfosoft &«CSÎ Pag* layout fojrouias Cats Sevi«fc- v-ew Developer Atteins

Jboma • 11 • > /\* f i ' f ® BS ÿyï Wrap T**t General
T  » /  น' .*• A* m s a a i K r t w » -  « -  % ’ *<s i

Cfcpfcoa'd Parti r* Alijfiwfot a .ฯพรร&พ:
: 1. Eat*» Fcp. k. Tas SC2 Toui รพ hot SCO cc-liî sa?2Jii:.
; 2. Use rely IS marycdls areaeewd. Lfjv; ช'.' rest blank ; ร. Citmct us*mort ths» 23 he; sad ;0«>îdïtT<MTHj 
: -l.Dc net use Efçztrvî « ะ«TO :erap*rspa«: 5. îiiptttargttDi; mulls ST* obtjwei} hr riinaiiiE iht mats» (“Caktîlôlt SiHfertargewsç" büttofi!

I  fConditions) format Gill ForisaUins - as Tat-?* ' StySîi -.. . รพฺ

I n p u t  d a t a

Cold StreamsCl 1 t: 1 CJ 1 C4 1 Cî 1 «  1 C7 1 CS 1 c* 1 CIO 1 Cll 1 Cl: i C1J 1 Cl< 1 Cl! 1 CM 1 Cl? 1C181 C191 c:8Fcp [kWC] 93.3 : 196 'TrntC] 26 ‘ ’lie ’iZ* [C] 127 ะ 265 :h [kWC.nf’l û'jSi its

. PkoiMOwraifer-il 1 Curretu DataMia ATnüa ICI j !09 \ Ho» Utility (fcW)Max ùTmin ici î J<fQ \ Cold Utility (k\v> <!<iôtxisnn- »r» (m: - ริ!!} H-

Economic data

1200 ะOAi{S4jพ) 200 I
- Each»»ร ^  1^(ร) S.i'OOOh (ร■ «ะ) sr 00« 1 00

■•§‘c -, I T7
Exchange» Cost = Nmin* [a - b(A ไ'•ซนท)' 5

Capita! Cost Method far Optimization : I * *'

Calculate Retrofit
OPTIONSI: Simple Annualized Cost I Simple Annualized {2: Interest-Based Annmlized Cast __j interest Based Area

[ 'ไ; Optimization criteria I 1 ’ OPTIONS: Pick New Energy Consumption for 1: Maximum KOI 2: Maximum NPV 3: User Chosen Dtmia

F ig u re  B 2 5  MS office Program Feature.
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B2.3 Instructions

B2.3.1 Enter Fcp (kW/°C), h (kW/°C.m2), Tin (°C), and Tout 
(°C) for hot and cold streams as shown in Figure 26B.

Cold StreamsCl Cl C3 [ C4 [ C5 1 c« 1 C7 C8 1 C9 [ CIO [cl] [ 02 [ 03 1 eu 1 CIS ] 06 1 cl? 1,! CIS ! 09 [ CIO 1Fcp [kW/C] 93.3 196T-»|C) 26 118ToaLC] 127 265h [kWC.m'2} 0.15 0.5

Figure B26 Input Fcp, Tin, Tout, and h.

B2.3.2 Enter plotting options for ATmin, Current Data, and Area 
efficiency (a) as illustrated in Figure 53.

Plotting OptIons for AT Current Data
Mm ATmin [C] 
Mai ATmin |C]

10.0 Hot Utility (kW) 17759
40.0 \ Cold Utility (kW) 15510

Existing area (m2 ) 2315.06

Figure B27 Plotting options for ATmin, Current data, and Area efficiency.

B2.3.3 Enter an Economie Data which consisted o f Utility cost. 
Cost annualized data, Exchanger cost (cost law coefficient), and Years payback.
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it, cast-r«rt 1Hot ($/kW) 120.0Cold (S/kW) 20.0 1
AM«traSo»<ls& 1■ = life Time (yrs)i = Interest rate (%) 20% :

1 $5•(ร) 1 ร, 650.00‘(พ*ะ) 857.00c I 1.00Exchanger Cost =ร7min* (a-rb(ANmin):A ; area (ra2 )
F igure B28 Economic data.

B2.3.4 Select an option for Capital Cost Method for 
Supertargeting which are

Simple Annualized Cost
r1. , ,  1. 1 _ _ „  CapitalCostSimpleAnnualizedCost = EnergyLost H------------------ท

Interest Base Annualized Cost
j

Interest Base AmmalizedCost = EnergyCost + CapitalCost X -  — — -

Capital Cost .Method for Supertargeting 1 ฯ OPTION'S
f * ■ ๆ 1: Simple Annualized Cost

2: Interest-Based Annualized Cost

F igure B29 Option for Capital cost method for supertargeting.

B2.3.5 Select an option for the optimum HEN 

Maximum ROI
ROI = Energy saving/Total investment 

- Maximum NPV
* 1N P V  = [Energy _ saving  X ^  ----- —] -  Total _  investment
i=i (l + i)

minUser Chosen DT,
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1 Optimization criteria 1โไโ~ฯ OPTIONS: Pick New Energy Consumption for 1: Maximum KOI 2: Maximum NPV3: User Chosen Dtmia_________________

Figure B30 Options for the optimum HEN.

B2.3.6 Supertargeting results are obtained by running the macro 
("Calculate Supertargeting" button)

Figure B31 Calculate Supertargeting Button.
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bStmata tetnpàaîure ipproximation Of Heat Recovery Approximation Temperantre (HRAT) « Bate case (Current Network)
I Current ATroia [C| = -»T]

B 2.4  M a in  r e s u lts :  T he P r o g r a m  c a n  a u to m a t ic a l ly  g e n e r a te  r e s u l ts  a s
s h o w n  in F ig u r e  32B .

RESULTS

£ Superlargeting Results

View Supertargetittg Diagram

Optimum ATmin ICI - 17.2
Optimum Energy Cast [$/yr] - 1,642̂96.8
Optimum Hot Utility {KWJ - 12,057.1
Optimum Cold Utility (kWJ - 9,8071
Optimum Ideal Area («น5 ) - 4.481.1
Optimum Retrofit Area (ra5) - 4,-49.7
.Additional .Area (m5 ) - 2,433.8
Optimum Number of Exchangers - 3.0Economic รนรOptimum Investment (ร] * 2,085,735.6
Optimum Sating Energy Cost f&fcrjj - -98JS3.0
Optimum Net Present Vaine {ร] - 301,619.1
Optimum Rate of Return - 0.33
Optimum Payback Period - 2.61

Printing Option for Graphs

c apital tnenjy ti.vdeofl
10000

Figure B32 Main Results Feature.

ATm,ท
B 2 .4 .1

are shown at the top
Number o f streams, 

o f result as illustrated in
Pinch temperature, and Current 
Figure 33B.
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leurrent ATmin [C] ' 43J I
Pinch Temperature [C]HOT COLD
159 115.9

Number of StreamsHOT COLD
3 2

Figure B33 Number o f streams, Pinch temperature, and Current ATmjn.
B2.4.2 There are 8 command buttons; “View Pinch Tableau & 

Cascade”, “View Composite Curves”, “View Grand Composite Curve”, “View 
Streams’ Diagrams”, “View Area Calculation Regions”, “View Net Present Value 
Diagram”, “View Capital Energy Trade-off’, “View Return on investment diagram” 
which can automatically show those results when clicked.

View Pinch Tableau & Cascade 1 View Streams' Diagrams

View Composite Can es View Area Calcnbtion Regions !

Mew Grand Composite Cane View Net Present Vaine Diagram

View R01 Diagram Mew Capital Energy Trade-oil

F igure B34 Command buttons.

B2.4.3 Retrofit results
Supertargeting results with an option selected are 

shown in the table as illustrated in Figure 35B.
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Optimum ATmin [C] - 17.2
Optimum Energy Cost |$/yrj = 1.642,996. ร
Optimum Hot Utility {นพ} - 12,057.1
Optimum Cold Utility {นพ] - 9,807.1
Optimum Idea] Area (ra2) - 4,481.1
Optimum Retrofit Area (m2) - 4,749.7
Additional Area (m2 ) - 2,423.ร
Optimum Number of Exchangers - ร. 0

Economic
Optimum Investment {ร}

Re stilts
2,0S5,735.6

Optimum Saving Energy Cost jSA r] - 798,283.0
Optimum Net Present Value {ร] - 301,619.1
Optimum Rate of Return - 0.38
Optimum Payback Period - 2.61

Figure B35 Supertargeting Results by selected an option.

B2.4.4 Printing option for Composite curves, Grand composite 
curve and Capital-Energy Trade-off which is used for adjusting an axis scale as 
illustrated in Figure 36B. There are 2 options auto scale and adjust scale. Push update 
value button every time after selecting an option and input scale value.
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P r i n t i n g  O p t i o n  f o r  G r a p h s --------— ,

Figure B36 P r in t in g  o p t io n  fo r  g r a p h s .

B 2 .5  W o r k s h e e t s

B 2 .5 .1  “ I N P U T  D A T A  &  M A I N  R E S U L T S ”
S h e e t  “ I N P U T  D A T A  &  M A I N  R E S U L T S ” i s  c o n s i s t  

o f  2  p a r ts  In p u t d a ta  a n d  r e s u lt s  a s  i l lu s tr a t e d  in  F ig u r e  2 5 B ,  3 2 B .
B 2 .5 .2  T a b le a u  &  S tr e a m  C a s c a d e

S h e e t  “ T a b le a u  &  S tr e a m  C a s c a d e ” s h o w s  p r o b le m  

ta b le  o r  p in c h  c a s c a d e  a n d  s tr e a m  p lo t  a s  s h o w n  in  F ig u r e  1 4 B .  A u t o m a t ic a l ly  s h o w  

w h e n  p u s h  “ V i e w  P in c h  T a b le a u  &  S tr e a m  C a s c a d e ” b u t to n  in  s h e e t  “ I N P U T  D A T A  

&  M A I N  R E S U L T S ” .
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B 2 .5 .3  C o m p o s i t e  c u r v e s
S h e e t  “ C o m p o s i t e  c u r v e s ” s h o w s  c o m p o s i t e  c u r v e s  o f  

in p u t  s tr e a m  d a ta  w h i c h  a u t o m a t ic a l ly  s h o w  w h e n  p u s h  “ V i e w  C o m p o s i t e  C u r v e s ” 

b u t to n  in  s h e e t  “ I N P U T  D A T A  &  M A I N  R E S U L T S ” . A s  i l lu s tr a t e d  in  F ig u r e  1 5 B .
B 2 .5 .4  G r a n d  C o m p o s i t e

S h e e t  “ G r a n d  c o m p o s i t e ”  s h o w  G r a n d  c o m p o s i t e  c u r v e  

o f  in p u t  s tr e a m  d a ta  w h i c h  a u t o m a t ic a l ly  s h o w  w h e n  p u s h  “ V i e w  G r a n d  C o m p o s i t e  

C u r v e ” b u t to n  in  s h e e t  “ I N P U T  D A T A  &  M A I N  R E S U L T S ” . A s  s h o w n  in  F ig u r e  

1 6 B .
B 2 .5 .5  S tr e a m  D ia g r a m . 2 0  S tr e a m s*  1 0  S t r e a m s ,  a n d  6  S tr e a m s

S h e e t  “ S tr e a m  D ia g r a m ” , s h o w  4 0  s t r e a m s ’ d ia g r a m  o f  

in p u t  s tr e a m  d a ta  w h i c h  a u t o m a t ic a l ly  s h o w  w h e n  p u s h  “ V i e w  S t r e a m s  D ia g r a m ”  

b u t to n , in  s h e e t  “ I N P U T  D A T A  &  M A I N  R E S U L T S ” . A s  i l lu s tr a t e d  in  F ig u r e  1 7 B .
B 2 .5 .6  A r e a  C a lc u la t io n  R e g i o n

S h e e t  “ A r e a  C a lc u la t io n  R e g i o n ” s h o w s  V e r t ic a l  h e a t  

tr a n s fe r  a r e a  c a lc u la t io n  r e g io n  o f  in p u t  s tr e a m  d a ta  w h i c h  a u t o m a t ic a l ly  s h o w  w h e n  

p u s h  “ V i e w  A r e a  C a lc u la t io n  R e g i o n ” b u t to n  in  s h e e t  “ I N P U T  D A T A  &  M A I N  

R E S U L T S ” . A s  s h o w n  in  F ig u r e  1 8 B .
B 2 .5 .7  S u p e r ta r g e t in g

S h e e t  “ S u p e r t a r g e t in g ” s h o w s  E c o n o m ic  T r a d e - o f f  o f  

s e l e c t i n g  o p t io n  a n d  in p u t  s tr e a m  d a ta  w h i c h  a u t o m a t ic a l ly  s h o w  w h e n  p u s h  “ V i e w  

S u p e r ta r g e t in g  D ia g r a m ” b u t to n  in  s h e e t  “ I N P U T  D A T A  &  M A I N  R E S U L T S ” .
B 2 .5 .8  N P V ,  R O I

S h e e t  “N P V ” a n d  “ R O I ” s h o w  N e t  P r e s e n t  V a lu e  a n d  

R e tu r n  o n  i n v e s t m e n t ,  r e s p e c t i v e ly  w h ic h  a u t o m a t ic a l ly  s h o w  w h e n  p u s h  “ V i e w  N e t  

P r e s e n t  V a l u e ” , “ V i e w  R O I  D ia g r a m ” b u t to n , r e s p e c t i v e ly  in  s h e e t  “ I N P U T  D A T A  

&  M A I N  R E S U L T S ” .
B 2 .5 .9  C a p ita l  E n e r g y  T r a d e - o f f

S h e e t  “ C a p ita l  E n e r g y  T r a d e - o f f ’ s h o w  th e  r e tr o f it  

a r e a s - e n e r g y  c u r v e  f r o m  th e  s e l e c t e d  a r e a  e f f i c i e n t  ( a )  w h i c h  a u t o m a t ic a l ly  s h o w  

w h e n  p u s h  “ V i e w  C a p ita l  E n e r g y  T r a d e - o f f ’ b u t to n  in  s h e e t  “ I N P U T  D A T A  &  

M A I N  R E S U L T S ” .
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C a p ita l E n er g y  T r a d e -o ff  fo r  R etro fit

Figure B37 C a p ita l  E n e r g y  T r a d e - o f f  D ia g r a m .

B 2 . 5 . 1 0  P a y b a c k  c u r v e
S h e e t  “ P a y b a c k  c u r v e ” s h o w s  p a y b a c k  d ia g r a m  o f  

in p u t  s t r e a m  d a ta  a t 1 , 2 ,  3 ,  a n d  s e l e c t e d  y e a r  p a y b a c k  w h i c h  a u t o m a t ic a l ly  s h o w  

w h e n  p u s h  “ V i e w  P a y b a c k  D ia g r a m ” b u t to n  in  s h e e t  “ I N P U T  D A T A  &  M A I N  

R E S U L T S ”



1 5 1

Payback Curve

Investment (ร) "PiPVT DATA A MAT* RISIXTS” [

Figure B38 P a y b a c k  D ia g r a m .

B 2 .6  V i s u a l  B a s i c  fo r  A p p l ic a t io n  ( S o u r c e  c o d e )

B 2 .6 .1  S o r t  D a t a  F u n c t io n  ( in  M o d u le  4 )
A s  s h o w n  in  F ig u r e  2 4 B

B 2 .6 .2  D i s c o u n t  F a c to r  F u n c t io n  ( in  M o d u le  5 )
A s  s h o w n  in  F ig u r e  2 5 B

B 2 .6 .3  V a r y  D T m in  p r o c e d u r e  ( in  M o d u le  7 )
S o u r c e  c o d e  i s  c o v e r e d  in  m o r e  d e t a i l  in  s e c t io n
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CURRICULUM VITAE

Name: S u p a c h a i  K o s o l
Date of Birth: J a n u a r y  1 6 , 1 9 8 7
Nationality: T h a i
Educational Background:

2 0 0 5  -  2 0 0 9  (G P A :  3 .6 5 )  B .E n g  w i t h  1st c l a s s  h o n o u r  

( P e t r o c h e m ic a ls  a n d  P o ly m e r ic  M a t e r ia ls )
S i lp a k o r n  U n iv e r s i t y
S e n io r  P r o je c t :  A  S t u d y  P r o p e r t ie s  o f  P C / A B S  b le n d s .

2 0 0 2  -  2 0 0 5  (G P A :  3 .9 4 )  B o d in d e c h a  ( S i n g  S i n g h a s e n i )  S c h o o l ,
(G r a d e  1 2 )  - M a jo r  F ie ld  o f  M a t h e m a t i c - S c i e n c e

Extra-Curricular Activities:
2 0 1 0  ( A p r i l )  S t a f f  in  “ T h e  1 St N a t io n a l  R e s e a r c h  S y m p o s i u m  o n

P e t r o le u m , P e t r o c h e m ic a ls ,  a n d  A d v a n c e d  M a t e r ia ls ”  

a n d  “ T h e  1 6 th  P P C  S y m p o s iu m  o n  P e t r o le u m , P e t r o c h e m ic a ls ,  
a n d  P o ly m e r s ” A p r il  2 2 ,  2 0 1 0  a t M o n t ie n  H o t e l ,  B a n g k o k  

2 0 0 9  -  P r e s e n t  S t u d e n t  P r e s id e n t  o f  P e t r o le u m  t e c h n o l o g y ,  T h e  

P e t r o le u m  a n d  P e t r o c h e m ic a l  C o l l e g e ,
C h u la lo n g k o r n  U n iv e r s i t y

2 0 0 6  -  2 0 0 7  ( D e c e m b e r - F e b r u a r y )  R e p r e s e n t a t iv e  fo r  t e a c h in g  in  G e n e r a l  

C h e m is t r y  2  fo r  1st y e a r  s t u d e n t s  o f  P e t r o c h e m i c a ls  a n d  

P o ly m e r ic  M a te r ia ls ,  S i lp a k o r n  U n i v e r s i t y  

2 0 0 5  -  2 0 0 9  D e p u t y  s tu d e n t  p r e s id e n t  o f  P e t r o c h e m i c a ls  a n d  P o ly m e r ic  

M a t e r ia ls ,  S i lp a k o r n  U n iv e r s i t y
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