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APPENDICES

Appendix A Collecting Process Data for Example 2

Al 1s Alternative Design

Table AL Retrofitted heat exchanger results (L¢ alternative design at ATmin= 13 °C)

Heat Exchanger

~N oo o &~ w

© o

1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
21
28

Original area
(m2)
4303.2
63.8
33.29
4.06
26.79
24.6
5.87
146.59
1214 4
80.2
658.7
40
182.39
101.47
93.87
288.97
52.24
976.4

Load after retrofit
(kW)
14977.38
1917.53

1400.29
316.104
5425.194
295.833
7160.66

20164.21
1277.033

18625.861
752.485
21559.853
10254.833
889.935
2251.997
555.858
1184.968
738.359
23376.088
7260.534
4790.288
16122.861

Retrofit area
(nr)
344787
63.80

13.01
46.19
152.67
587
111.17

2287.66
166.97

288.97
17.18
575.45
1651.47
22.08
237.33
37.01
272.79
137.24
4072.08
865.66
926.55
1464.57

Area change
(1)
-855.33
0.00

8.95
19.40
128.07
0.00
-35.42

1628.96
126.97

0.00
-35.06
-400.95

Area reduction

Area addition (new shell)
Area addition (new shell)

Area addition (new shell)

Area reduction

Area addition (new shell)

Area addition (new shell)

New exchanger
New exchanger
New exchanger
New exchanger
New exchanger
New exchanger
New exchanger
New exchanger
New exchanger
New exchanger
New exchanger

New exchanger
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FigureAI Retrofitted heat exchanger results (1stalternative design at ATmm= 13 °C).



A2 2rdAlternative Design

Table A2 Retrofitted heat exchanger results (2rdalternative design at ATm = 13 °C)

Heat Exchanger

10
1
12
13
14
15
16
17
18
19
20
21
2
23
24
25
26
27

Original area

(m2)
4303.2
63.8
33.29

Load after retrofit

(kW)
14977.38
1917.53

1400.29
945.214
5425.194
295.833
7160.66

260.83
19150.90
1277.033

18625.861

22312.338
10254.833
2251.997
2198.278
738.359
555.858
7260.534
4790.288
23376.088
16122.861

Retrofit area

(m2)
3447.87
63.80

13.01
83.91
152.67

111.17

9.11
1807.45
166.97

288.97

593.70
1631.80
244.50
221.37
137.24
97.37
865.66
926.55
4072.08
1464.57

Area change

(2
-855.33
0.00

8.95

57.12

128.07

-35.42

-711.09

1148.75
126.97

-382.70

Area reduction

Area addition (new shell)
Area addition (newshell)

Area addition (new shell)

Area reduction

New exchanger
Area addition (new shell)

Area addition (new shell)

Area reduction
New exchanger
New exchanger
New exchanger
New exchanger
New exchanger
New exchanger
New exchanger
New exchanger

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

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

Heat Exchanger

10
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
21

Original area

Load after retrofit

(kW)
14977.38
191753

1400.29
124.334
5425.194
295.833
7160.66

1081.71
19789.94
12717.033

18625.861

22312.338
10254.833
792.078
2198.278
1559.239
555.858
7260.534
4790.288
23376.088
16122.861

Retrofit area

)
3447.87

63.80

13.01
24.06
152.67

111.17

70.81
1987.03
166.97

288.97

593.70
1517.08
60.77
187.13
270.54
97.37
865.66
926.55
4072.08
1464.57

Area change

)
-855.33

0.00

1328.33
126.97

-382.70

Area reduction

Area addition (new shell)
Area reduction

Area addition (new shell)

Area reduction

Area reduction
Area addition (new shell)

Area addition (new shell)

Area reduction
New exchanger
New exchanger
New exchanger
New exchanger
New exchanger
New exchanger
New exchanger
New exchanger

New exchanger
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Figure A3 Retrofitted heat exchanger results (3ralternative design at ATmir= 13°C).
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A4 4thAlternative Design

Table A4 Retrofitted heat exchanger results (4thalternative design at AT = 13 °C)

Heat Exchanger

1

oo

10
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
21
28
29
30

Original area

(nf)
4303.2

Load after retrofit
(kw)
25371.99

316.104
5425.194
295.833

20164.21
2677.323
16122.861

752.485
21559.853
10254.833
889.935
2251.997
555.858
1184.968
738.359
7260.534
8298.236
18625.861
3652.711

1917.528
12981.477

Retrofit area
(m2)
5271.72

46.19
1004.10
5.87

2287.66
479.03
182.39

17.18
575.45
1651.47
22.08
237.33
37.01
272.79
137.24
713.14
1605.07
1233.17
24531
268.32
415.85

Area change

(1)
968.52

19.40
979.50
0.00

1628.96
439.03
0.00

-35.06
-400.95

Area addition (new shell)

Area addition (new shell)

Area addition (new shell)

Area addition (new shell)

Area addition (new shell)

New exchanger
New exchanger
New exchanger
New exchanger
New exchanger
New exchanger
New exchanger
New exchanger
New exchanger
New exchanger
New exchanger
New exchanger
New exchanger

New exchanger

86



T(°C)  FCp (kWFC) T(°C)

New
Mmoo [[126.186 (1) )N 2441
N
| Ccu4
6.842
R . 2 @, 3
+A.NS " New ' > +A.NS ) cUa
|-3 197 485 | | N o\ P New
3473 {1 }—_— 3 {1 30 b 45
T — )
-Kj/ New T \/ New
[123.060 | j N | I
%35 { 21} {25 } > 1802
| \,/ N N/
— | New ew +A NS
20722 |
|'5 2974 ! @ \Nj @ 1o
1 New <A NS New New
63166 [
|'$ 248 ! () \/: \‘, G TR () > 50
— ~‘_'/' | =>
| =2 =
H 7324 | Erarc] ! ~f J/’—‘J\‘ 40
IS T T %
| A NS w
7 ‘
|'8 Hig—] 25 | G\ | - 120
(7] T ! cus
|-9 1671 160218 IJ\»-» 6955
J ]
} 1 New | \‘/
253551 ¢ | ‘ N\
|-D 1467 —1 ; ‘ {27} > 7324
[ | ’
[ [
\
|
{ ~ 5
e [ ,
[373238 | | | / /
2322 i . S} h 2 30
| \
HUI2. NC\\;@Y'—‘. |
488 127 l
3433 4—-:—@- - @ 21 2322
r—HUlI.Nc\\
P ot B (17) @ @ 2262
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Figure A4 Retrofitted heat exchanger results (4talternative design at ATmin= 13°).



A5 5thAlternative Desiun

Table A5 Retrofitted heat exchanger results (5thalternative design at AT .11 = 13°C)

Original area  Load after retrofit ~ Retrofit area  Area change
Heat Exchanger

(m2) (kw) (m2) (ni2)
1 4303.2 25371.99 . 5271.72 968.52 Area addition (new shell)
2 63.8
3 33.29
4 4.06 - - - -
5 26.79 945.214 83.91 57.12 Area addition (new shell)
6 24.6 5425.194 1004.10" 979.50 Area addition (new shell)
7 5.87 295.833 5.87 0.00
8 146.59
9 12144 / \ - -
10 80.2 260.83 9.11 -71.09 New exchanger
1 658.7 19150.90 1807.45 1148.75 Area addition (new shell)
2 40 2677.323 479.03 439.03 Area addition (new shell)
13 182.39 16122.861 182.39 0.00
14 101:47 -
15 93.87
16 288.97
i 52.24
18 976.4 22312.338 593.70 -382.70 Area reduction
19 . 10254.833 1631.80 . New exchanger
20 . 2251.997 244.50 - New' exchanger
A . 2198.278 221.37 . New' exchanger
22 . 738.359 137.24 . New exchanger
23 - 555.858 97.37 - New exchanger
24 . 7260.534 456.23 . New exchanger
25 . 8298.236 1605.07 . New exchanger
26 - 18625.861 1174.78 - New exchanger
27 - 3652711 24531 . New exchanger
28 - 1917.528 268.32 - New exchanger

29 . 12981.477 415.85 . New exchanger
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Figure A5 Retrofitted heat exchanger results (5thalternative design at ATmin = 13°).
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A6 6thAlternative Design

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

Original area  Load after retrofit  Retrofit area  Area change

Heat Exchanger Remarks
(nf) (kW) (m2) (m2)
1 4303.20 25371.99 5271.72 968.52 Area addition (new shell)
2 63.80°
3 33.29
4 4.06' - - - -
5 26.79- 124.33 24.06 -2.13 Area reduction
b 24.60' 5425.19 1004.10 979.50 Area addition (new shell)
7 5.87" 295.83 5.87 0.00
8 146,59
9 1214.40
10 80.20 1081.71 70.81 -9.39 Area reduction
il 658.70 19789.94 1987.03 1328.33 Area addition (new shell)
2 40.00 2671.32 479.03 439.03 Area addition (new shell)
13 182.39 16122.86 182.39 0.00
14 101.47
15 93.87
16 288.97
17 52.24
18 976.40 22312.34 593.70 -382.70 Area reduction
19 10254.83 1517.08 - New exchanger
20 792.08 60.77 . New exchanger
il 2198.28 118.48 . New exchanger
22 1559.24 335.08 . New exchanger
23 555.86 97.37 . New exchanger
24 7260.53 456.23 - New exchanger
25 8298.24 1605.07 . New exchanger
26 18625.86 1233.17 - New exchanger
21 3652.71 24531 - New exchanger
28 1917.53 268.32 - New exchanger
29 12981.48 415.85 - New exchanger
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A7 TthAlternative Design

Table A7 Retrofitted heat exchanger results (7thalternative design at ATmin® 13 °C)

Heat Exchanger

10
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
21
28
29
30

Original area
(m2)
4303.2

182.39
101.47
93.87
288.97
52.24
976.4

Load after retrofit
(kw)
12659.41

2677.32

5425.194
295.833
7801.15

20164.21

18625.861
752.485
21559.853
10254.833
889.935
2251.997
555.858
1184.968
738.359
7260.534
4004.64
25694.057
145.153
16122.861
1917.528

Retrofit area
(m2)
2914.26

20.59

169.75
587
115.87

2287.66

288.97
17.18
575.45
1651.47
22.08
237.33
37.01
272.79
137.24
1138.48
754.42
6769.50
6.77
2548.13
224.76

Area change

(m2)

-1388.94

16.53

145.15

-30.72

1628.96

0.00
-35.06
-400.95

Area reduction

Area addition (new shell)
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Area addition-(new shell)

Area reduction
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exchanger
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exchanger
exchanger
exchanger
exchanger
exchanger
exchanger

exchanger
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Notation: New exchanger (New), Area addition (+A); New shell (NS), Area reduction (-A)
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Figure A7 Retrofitted heat exchanger results (7thalternative design at ATmn= 13°).
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Table A8 Retrofitted heat exchanger results (8thalternative design at ATmin= 13 °C)

Heat Exchanger

10
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

Original area

Load after retrofit
(kw)
12659.41

2677.32

945.214
5425.194
295.833

7801.15

260.83
19150.90

18625.861

22312.338
10254.833
2251.997
2198.278
738.359
555.858
7260.534
4004.64
25694.057
145.153
16122.861
1917.528

Retrofit area

(nr)
2914.26

2059
83.9)
169.75
5.87
11587

9.11
1807.45

288.97

593.70
1631.80
244.50
221.37
137.24
97.37
1138.48
754.42
6769.50
6.77
2548.13
224.76

Area change
(2
-1388.94

16.53

57.12
145.15

0.00
-30.72

-711.09
1148.75

-382.70

Area reduction

Area addition (new shell)
Area addition (new shell)

Area addition (new shell)

Area reduction

New exchanger

Area addition (new shell)

Area reduction
New exchanger
New exchanger
New exchanger
New exchanger
New exchanger
New exchanger
New exchanger
New exchanger
New exchanger
New exchanger

New exchanger
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Notation: New exchanger (New), Area addition (+A); New shell (NS), Area reduction (-A)

Figure A8 Retrofitted heat exchanger results (8thalternative design at ATmn= 13 ).
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A9 9th Alternative Design

Table A9 Retrofitted heat exchanger results (9thalternative design at ATmjn= 13 °C)

Original area  Load after retrofit ~ Retrofit area  Area change
Heat Exchanger

(m?2) (kw) (in2) (m2)
1 4303.2 12659.41 2914.26. -1388.94 Area reduction
2 63.8
3 33.29
4 4.06 2617.32 20.59 16.53 Area addition (new shell)
5 26.79 124.334 24.06 -2.13 Area reduction
6 24.6 5425.194 169.75 145.15 - Area addition (new shell)
7 5.87 295.833 587 . 0.00
8 146.59 7801.15 115.87 -30.72 Area reduction
9 1214 4
10 80.2 1081.71 70.81 -9.39 Area reduction
1 658.7 19789.94 1987.03 1328.33 Area addition (new shell)
12 40
13 182.39
14 101.47
15 93.87
16 288.97 18625.861 288.97 0.00
17 52.24
18 976.4 22312.338 593.70 -382.70 Area reduction
19 - 10254.833 1517.08 - New exchanger
20 - 792.078 60.77 - New exchanger
21 - 2198.278 118.48 - New exchanger
22 . 1559.239 335.08 . New exchanger
23 - 555.858 97.37 - New exchanger
24 - 7260534 1138.48 - New exchanger
25 - 4004.64 754.42 - New exchanger
26 - 25694.057 6769.50 - New exchanger
27 - 145.153 6.77 - New exchanger
28 - 16122.861 2548.13 - New exchanger

29 - 1917528 224.76 - New exchanger
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Retrofitted heat exchanger results (9thalternative design at ATmin= 13°).
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Appendix B Manual for Grassroots and Retrofit Potential Programs

Bl Potential Grassroots Program

BI.I Background
So far the use of Pinch Analysis has been considered for setting
the energy targets for a process. These targets are dependent on the choice of the
DTmmfor the process. Lowering the value of DTmin lowers the target for minimum
energy consumption for the process.
For certain types of 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 of the trade-offs between capital and energy in order to obtain an
optimum value of DTmin ahead of network design.

B1.2 MS office incorporated with Visual Basic for Application (VBA)

Program
& 107, ‘iﬁ i W
.-ﬁlﬂ o w.y Aar*&gﬁ % B
<‘O¥(!1C) 8 fp,\m"" : * o . AaReptio* .

Q.[. 042, GG o

HilieDxia 4 1

ki

Figure BL MS office Program Feature.
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Economic data

lﬂhrﬂ-l@t bi’*{A Calculate Supertargeting '

' p uEeteZe p-iine;

[ Copitd ComMatedferSapormyrfttt 11 J It Syf- £efic 1o il K-
%ﬁuhxcdw— 'iw%%%ﬂmfiﬁ% 3?

CKKW( <y =Pl

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

B131 Enter Fcp (kW/°C), h (kw/°c.m?2), Tin (°C), and Tout
(°C) for hot and cold streams as shown in Figure 2B.

Input data

g8 2285 204 538

159 | 267 343 |

77 88 90
04 03 025

A

Figure B2 Input Fcp, h. Tin, and Tout,

QIBIAIGIGITIB O %%“02 103 104 105 106 107 108 109 i
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B13.2 Enter a current minimum temperature approximation or
Heat Recovery Approximation Temperature (HRAT), HRAT region for calculation,

and Utility Data as illustrated in Figure 3B.
g}

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

Enter a current minimum temperature approximation or Heat
Recovery Approximation Temperature (HRAT)

gy I @

Figure B3 HRAT, HRAT region for calculation, and Utility Data.

utility Data

Economic data

ity cost tAnnu ation data
&%% %i I- I(n:t(gest rat§”(§/) Sg)A) 1
FXCIU» 0] C?@%

ﬂ|0

Exchanger Cost = Nmin* [a Fh(A"NYnin)c ]

A :area(m:)
Nmin; calculated by program

Figure B4 Economic Data.
BI.3.4  Select an option for Capital Cost Method for

Supertargeting which are
Simple Annualized Cost
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SimpleAnnualizedCost = EnergyCost + CaPIaICOSt

Interest Base Annualized Cost

InterestBaseAnnualizedCost = EnergyCost + CapitalCost Xéxf '1;”01

Net Present Value
. 1 .
VPV =EnergySavin CapitalCost.
gy gx (140 P

Capital Cost Method for Snpertargeting “j~ij O OPTIONS
1: Simple Annualized Cost
2t Interest-Based Annualized Cost
d 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)

Calculate Supertargeting

Figure B6 Calculate Supertargeting Button.
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B1.4 Main results: The Program can automatically generate results
as shown in Figure 78,

RESULTS ,\;J
i Maldity(r ) - UityGxt( .19
fyemtaie(d o L I7A
TR 5RO
\iMKELey Qure Vit Cegen
-y \InCREiEGnd VBNALICIUTs Rl oM
i wonopear Vit G Che | s
VedFBLijun \iyNtRest\VAACpim
Vet Ceyam YerR0l Cegam
Toel\erticaMe At o 2 -
mmm%xm) Jl 7 w@t%momm(') Emll%ﬂ """
e R ik
ity =150 @S i e
it - 5B . aimn
TutFeyQat( ) £ g2
D BT
Lo e ) NG o
& it \erdn 5 513
2 LBt ? 503
D BARR 0 e
b Ty 5 >0
2 57983 2 3
HetaEgR ]
QtimmAIn(q - 3
QimmHt Uity s R . 169
QiU s (Y 0
QutimuiTot etV A ) 518!
QiimmNnterdettmgre
NetPresrt\ele() ttr 80
F@lmmimﬁllﬂt@ A
Irterd me o reLm(d) T+
way

Figure B7 Main Results Feature.

B15 Number ofstreams, Pinch temperature, Minimum utility, and
Utility cost are shown at the top ofresult as illustrated in Figure 8B.
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RESULTS :] LJ

_ Nin Uity () Uty Cost (51
W 31% k?)l’m Temperatore [CC;.)]r » . 9 W,@)
15 is: 01 . 11,7289 2345780

Figure B8 Number of streams, Pinch temperature. Minimum utility, and Utility
cost.

B1.6 There are IS command buttons; “View Pinch Tableau &
Cascade”, “View Composite Curves” “View Grand Composite Curve", “Streams’
Diagrams”, “6 Streams”, “10 Streams” “20 Streams” “Area Calculation
Regions”, “Net Present Cost” “Net Present Value” “Internal rate of return”
“Return on investment”, and “Supertargeting diagram" which can automatically
show those results

—

6 Streams
ViewPinchTableau*Cascade ' j View Streams’ D ingrams

10 Streams
View Composite Cuives ViewArea Calculation Regions

View Grand Composite Curve ViewNet Present Cost Diagram 20 Streams

ViewERR Diagram ViewNet Present Value Diagram

View Supertargeting Diagram ViewROI Diagram

Figure B9 All 13 command buttons.

BI. 7 Total vertical ideal area, Exchanger match vertical ideal area,
Hot utility vertical ideal area, Cold utility vertical ideal area, Number ofexchangers,
Capital cost, and Energy cost are shown in the table as illustrated in Figure JOB.
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Total Vertical Iceal Area( 2) 39234
Exchanger Match Vertical Area (m) = 3256
Hot Utility Veertical Area (nr ) = 1049

Cold Utility Veertical Area (nr ) = 528
Number of Exchangers 8
Total Energy Cost (Siy) 19120460
Capital Cost () = 3BLRI

Figure BIO Ideal area, Number of exchangers, Energy cost, and Capital cost table.

B1.8 Simple total annualized cost, Interest-hased total annualized
cost, and Net present cost are shown in the table as shown in Figure 11B.

Tésts  te AntiacBwii]) 1L
User ohoses

2P866
Cter

5 " 298366

D 20513

5 21405162

D 208637

Yert 05 !»AH‘»"Z»(; NTCH ‘Yeartused té Annualire (n) | D TAC(SHY

Uerdoen 5 DRI User chosen § S eaAn
e |ome

5 1181638 s 26613413

D 197411@4 10 2513,328°

]5 aﬂ@ﬂ 15 2199492 ¢

Z) 3],877,%3 20 21227003

Figure Bl 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.



Figure B12 Supertargeting results and View all data command button.
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B1.10 Printing option for 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.

~ mAoSeale

7 b R
. ; J o

Comolatve Enthaby .~ o

Temperatas 0

Printing Option for Graphs

-~ Composite Curves

Grand Composite Curves

Figure B13 Printing option for Composite Curves and Grand Composite Curve.
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B1.11 Worksheets

BL1L1 “INPUT DATA & MAIN RESULTS”
Sheet “INPUT DATA & MAIN RESULTS” is consist
0f 2 parts Input data and results as illustrated in Figure 1B, 7B.
BIT 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

DOTT DATA & MAIY RECLTI

E3RERNEE

JDoooooooooooooNODARpREREEE

Figure B14 Sheet “Tableau & Stream Cascade”.

BIT 1.3 Composite curves
Sheet “Composite curves” shows composite curves of
input stream data which automatically show when push “View Composite Curves”
button in sheet “INPUT DATA & MAIN RESULTS”.
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Composite Curves

CEERY 1y oo ERe |

Figure B15 Sheet “Composite Curves”.

B1.11.4 Grand Composite
Sheet “Grand composite” show Grand composite curve
of input stream data which automatically show when push “View Grand Composite
Curve” button in sheet “INPUT DATA & MAIN RESULTS”.

Graud Composite Cline

2020 40002 6000 02 s 02 0200 0 s 42200 15200 00 st

Figure B16 Sheet “Grand Composite”.
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B1.115 Stream Diagram, 20 Streams, 10 Streams, and 6

Streams

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 of 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”.

Streams Diagram

Ik IR

0 0 (1)
Figure BL7 Sheet “6 Streams”.

B1.11.6 Area Calculation Region
Sheet “Area Calculation Region” shows Vertical heat
transfer area calculation region of input stream data and utility data which
automatically show when push “View Area Calculation Region™ button in sheet
“INPUT DATA & MAIN RESULTS”.
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Region in Composite Curves

UHEY DRI |
Figure B18 Sheet “Area Calculation Region”.
B1.11.7 Supertargeting
Sheet “Supertargeting” shows Economic Trade-off of

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

pertargeti g niagram

As,
g .
i SRV otk vl diairdwiod
HEL bbbl bt
'
T ! :
= 2 ]
= H PR o - S Cow
T : s
= H ,.w"'"“ - Zoul Conr
-é M & Zptimas por X
g o i »— EraepvCout_lopus
: H SousCon Ipu
- I
H -
£309900 !
; »somen
'
,,,,,, !
\
-
AT aun [C)

“INPUT DATA & MAIN RESULTS™ J

Figure B19 Sheet “Supertargeting”.
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BI.11.8 IRR.NPC, NPV, ROI
Sheet “IRR™, “NPC”, “NPV”, and “ROI” show Rate of
Return, Net Present Cost, Net Present Value, and  Return on investment,
respectively which automatically show when push “View IRR Diagram”, “View Net
Present Cost”, “View Net Present Value”, and “View ROl Diagram” button,
respectively in sheet “INPUT DATA & MAIN RESULTS”.

;".“ ‘
a'/"
’/' [
"NUDTASMINKSLS' |
Figure B20 Sheet “IRR™.
Net Present Value Curve
// Mg
..... /
/
----- f
‘f
4
,,,,,, 4
j
‘,
Jilg INPITDATA. MAINRISULIS

Figure B2L sheet “NPV ™",



Rate on investment

%

5
imcl "INCTDATAGNANRISUT
Figure B22 sheet “RO1”.
B1.11.9 Aux-arrange temp, Aux-Cascade, Aux-Graphs, Aux-
Aideal, and Supertargeting Calculation
Sheet “Aux-arrange temp™, “Aux-Cascade”, “Aux-
Graphs”, “Aux-Aideal”, and “Supertargeting Calculation” is an auxiliary sheet which
contain formula and functions for evaluation the results.

BI. 12 Visual Basic for Application (Source code)

B1.12.1 Sort Data Function (in Module 4)



(General)

Option Explicit _ . .
Public Function rsortir As Variant) As Variant

Dim selected_range As Range

Dim x() P3 Variant
Dim x_temp() As Variant

Dim x“¢ -A Variant
Dim x_rd() As Variant ’ remove dulplicate
Dim x~sort() As Variant 1 sort from min to max

Dim ¢_temp PS Variant

Dim x_hit _As Boolean
Dim ¢ nx P3 Single

Dim X As Sln?le

Dim il As Single

Dim 12 As Single

Dim i3 As Single

Dim ) As Single

Dim item As Variant
_x = r.Count

ReDim x (I To ,_)10
ReDim x_terop(i"To X

il »1
For il =1To X
Xtemp(il) “ Null
Next il
Lim sm itnnm it!!!! Pound to  decimal ***xskkkkkikitttiiiikk

il -1
For Each item In r
‘round up to 5 decimal places
If IsNumeric(item.Valug) = True Then
x(il) = Application.WorksheetFunction.Round(item.Value, )
Else
xFiI) = item.Value
End |

il =il +1

Figure B23 sort Data Function (in Module 4).



Next

'ft********************* Remove DJpllcate Data kkkkkkkkkkkkkkkk
y_n; =1
For il *1To x
x ¢ =X(i))
If Mot IsNuirieric (x_¢) = True Then
GoTo next_x
End If
For 2 “1To X
If x_ = X_temp(i2) Then
X bit = True
End If .
Next i2

If x_bit *-False Then
X_temp(c_nxs =X¢

nd cI Tnx 10X+ 1
X_bit = False
next_x:
'I\IeXt Il ‘******’ ft** ** * CO”eCt Data m Array |t*#****~k»* *kkkkkk
Dim r As Single
r-cnx-1
ReDim x_fd{l To _1)
il =1
Foril =1To _r
x_rd(il) « x_tewp(il)
Next il

IT*irstilit*r*rilirs»ri Sort data from min to max **¥rkitkiiokik
ReDim x_sort(l To _r)
il »1
For il *1To r

x_sort{il) “ Application. HorksheetFunction.Small (x_rci, il)
Next il

lkl**-**l******************** Transpose Data kkkkkkkkkkkk ******»

rsort = Application.Transpose(x_sort)
End Functio

Figure B23 (Cont.) Sort Data Function (in Module 4).



BI1.12.2 Discount Factor Function (in Module 5)

j Morcaoft Visuel Besic - Grassyonts ske29-septdsm- [Mecks (Qce
e e e Ol
i y J >U3N &2
; Bt Qption Explicit
Public Function myNPV(  AS Integer, i As Single) As Si
) Bl% lfnl\%CI%e e|F1g|e
' For k 1 Io
MeC " (1] (L+ D) *
ey fbe JinyNi-’\/
End Function
;-
Gk
)
3
i

Figure B24 Discount factor function (in Module 5),

1.12.3B Vary DTmin procedure (in Module 7)

Option Explicit
Sub SupertargetingO

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

Sheets("Aux-Aideal"). Select

Range("BR 19"). Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks
=False. Transpose:=False

SheetsC’Aux-Cascade"). Select
Range("C20"). Select
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Application.CutCopyMode = False

Selection.Copy
Sheets("Aux-Aideal"). Select
Range("BR20"). Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks
:=False, Transpose:=False

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

Sheets(" Aux-Aideal"). Select
Range("BS 14").Select
Selection.Copy

Range("BS 13").Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks
:=False, Transpose:=False
Application.CutCopyMode = False

To vary delta T 50 times

|t***********************************'k**************************]

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

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

Range("F34"). Select



ActiveCell.FormulaRICI = "=R[-32]C[28]

Sheets("Aux-Aideal").Select

Range("cal5:ctl5").Select

Selection.Copy

SheetsC’Supertargeting Calculations").Select

Range("Cl 1").Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks
=False, Transpose:=False

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

ActiveCell.FormulaRICI = "=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:=xIPasteValues, Operation:=xINone, SkipBlanks
=False, Transpose:=False

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

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

ActiveCell.FormulaRICI = "=R[-30]C[28]"
Sheets(" Aux-Aideal").Select

Range("cal5:ctl 5").Select
Selection.Copy



Sheets("Supertargeting Calculations"). Select

Range("C 13"). Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks
=False, Transpose:=False

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

ActiveCell.FormulaRICI = "=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:=xIPasteValues, Operation:=x!None, SkipBlanks _
=False, Transpose:=False

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

ActiveCell.FormulaRICI = "=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:=xIPasteValues, Operation:=xINone. SkipBlanks
:=False, Transpose:=False

EEEES SR SRS E R RS E R RS RS RS R LR TR EEEEE TR EE TR R EE TR SRR EEEEEE RSV
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SheetsC'INPUT DATA & MAIN RESULTS").Select
Range("F34"). Select

ActiveCell.FormulaR 1 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:=xIPasteValues, Operation:=xINone, SkipBlanks_
:=False, Transpose:=False

******************** *******************************************7

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

ActiveCell.FormulaRICI = "=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:=xIPasteValues. Operation:=xINone, SkipBlanks
I"False, Transpose:=False

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

ActiveCell.FormulaRICI = "=R[-25]C[28]



119

Sheets("Aux-Aideal"). Select

Range("ca 15:ctl5"). Select

Selection.Copy

Sheets("Supertargeting Calculations"). Select

Range("C 18").Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks
=False, Transpose:=False

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

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

ActiveCell.FormulaRICl = MR[-24]C[28]"

Sheets("Aux-Aideal"). Select

Range("cal5:ctl5").Select

Selection.Copy

Sheets("Supertargeting Calculations"). Select

RangeC'C 19").Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks
=False, Transpose:=False

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

ActiveCell.FormulaRICI = "=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:=xINone, SkipBlanks _
=False, Transpose:=False

»******** ******* EREEEEEEEEEEEEREREREEEEEEEESEEEEEEEERERESESSS] ********]]

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

ActiveCell.FormulaRICI = "=R[-22]C[28]"

Sheets(" Aux-Aideal"). Select

Range("cal5:ctl5").Select

Selection.Copy

Sheets("Supertargeting Calculations").Select

Range("C21").Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, 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:=xIPasteValues, Operation:=xINone. SkipBlanks
=False, Transpose:=False



»**************************************************************J3

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

ActiveCell.FormulaR 1c 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:=xINone, SkipBlanks
:=False, Transpose:=False

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

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

ActiveCell.FormulaR 1c 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:=xIPasteValues, Operation:=xINone, SkipBlanks
:=False, Transpose:=False

'**************************************************************15

SheetsC'INPUT DATA & MAIN RESULTS").Select

n
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Range("F34").Select

ActiveCell.FormulaR 1c 1= "=R[-18]C[28]"

Sheets("Aux-Aideal").Select

Range("cal5:ctl5").Select

Selection.Copy

Sheets("Supertargeting Calculations").Select

Range("C25"). Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks
=False, Transpose:=False

>**************************************************************lA

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

ActiveCell.FormulaRICI = "=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:=xIPasteValues, Operation:=xINone, SkipBlanks
=False, Transpose:=False

%*************************************************************J7

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

ActiveCell.FormulaRICI = "=R[-16]C[28]



Sheets("Aux-Aideal").Select

Range("cal5:ctl5").Select

Selection.Copy

Sheets("Supertargeting Calculations").Select

Range("C27"). Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks
=False, Transpose:=False

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

ActiveCell.FormulaRICI = "=R[-15]C[28]"

Sheets("Aux-Aideal"). Select

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

Selection.Capy

Sheets)"Supertargeting Calculations").Select

Range("C28").Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks
=False, Transpose:=False

'**************************************************************]0

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

ActiveCell.FormulaRICI = "=R[-14]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:=xIPasteValues, Operation:=xINone. SkipBlanks
=False, Transpose:=False

t**************************************************************20

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

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

Sheets("Aux-Aideal").Select

Range("cal:ct 15").Select

Selection.Copy

Sheets("Supertargeting Calculations").Select

Range("C30"). Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone. SkipBlanks
:=False, Transpose:=False

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

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

ActiveCell.FormulaR 1C1="=R[-12]C[28]M

Sheets("Aux-Aideal"). Select
Range("cal5:ctl5").Select

Selection.Copy

SheetsC'Supertargeting Calculations"). Select
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Range("C31").Select
Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks
=False, Transpose:=False

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

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

Sheets("Aux-Aideal"”).Select

RangeC'ca 15:ct 15"). Select

Selection.Copy

SheetsC'Supertargeting Calculations").Select

Range("C32").Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks _
:=False, Transpose:=False

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

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

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

Sheets("Aux-Aideal"). Select

RangeC'ca 15:ct 15"). Select

Selection.Copy

Sheets("Supertargeting Calculations"). Select

Range("C33").Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks
=False, Transpose:=False



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

ActiveCell.FormulaRICI = "=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:=xIPasteValues. Operation:=xINone, SkipBlanks
=False, Transpose:=False

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

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

Sheets("Aux-Aideal"). Select

Range("ca15:ct15").Select

Selection.Copy

Sheets("Supertargeting Calculations").Select

Range("C35"). Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks
=False, Transpose:=False

**************************************************************26

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

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

Sheets("Aux-Aideal").Select

Range("cal 5:ctl5").Select

Selection.Copy

Sheets("Supertargeting Calculations").Select

Range("C36").Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks
:=False, Transpose:=False

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

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

Sheets("Aux-Aideal"). Select

Range("cal5:ctl5").Select

Selection.Copy

Sheets("Supertargeting Calculations"). Select

Range("C37").Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks
:=False, Transpose:=False

**************************************************************28

SheetsC'INPUT DATA & MAIN RESULTS").Select
Range("F34"). Select
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ActiveCell.FormulaR 1c 1= "=R[-5]C[28]M

Sheets("Aux-Aideal"). Select

Range("cal5:ctl 5").Select

Selection.Copy

Sheets("Supertargeting Calculations").Select

Range("C38"). Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks
=False, Transpose:=False

|**************************************************************29

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

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

Sheets("Aux-Aideal").Select

Range("ca 15:ct15”). Select

Selection.Copy

Sheets("Supertargeting Calculations").Select

Range("C39").Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks
:=False, Transpose:=False

**************************************************************30

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

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

Sheets("Aux-Aideal"). Select



Range("cal5:ctl 5"). Select

Selection.Copy

Sheets("Supertargeting Calculations™).Select

Range("C40"). Select

Selection.PasteSpeciai Paste:=xIPasteValues, Operation:=xINone, SkipBlanks

:=False, Transpose:=False

WMMWMB]

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

ActiveCell.FormulaR 1Cl = 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:=xIPasteValues, Operation:=xINone, SkipBlanks _

:=False, Transpose:=False

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

ActiveCell.FormulaR lCl ="=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:=xIPasteValues, Operation:=xINone, SkipBlanks

:=False, Transpose:=False

'WMMMMMWMW33

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

ActiveCell.FormulaRICI ="=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:=xIPasteValues, Operation:=xINone, SkipBlanks

:=False, Transpose:=False

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

ActiveCell.FormulaRICI ="=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:=xIPasteValues, Operation:=xINone. SkipBlanks

:=False, Transpose:=False
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'k********************'k********'k*******************************35

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

Range("F34").Select

ActiveCell.FormulaRICI ="=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:=xIPasteValues, Operation:=xINone, SkipBlanks

:=False, Transpose:=False

3/\

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

ActiveCell.FormulaRICI ="=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:=xIPasteValues, Operation:=xINone, SkipBlanks

:=False, Transpose:=False

| ******************'k**'k****************************************3'7

Sheets("INPUT DATA & MAIN RESULTS").Select
Range("F34").Select
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ActiveCell.FormulaRICI = "=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:=xIPasteValues, Operation:=xINone, SkipBlanks

:=False, Transpose:=False

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

ActiveCell.FormulaRICI ="=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:=xIPasteValues, Operation:=xINone, SkipBlanks

:=False, Transpose:=False

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

ActiveCell.FormulaRICI ="=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:=xIPasteValues, Operation:=xINone, SkipBlanks

:=False, Transpose:=False

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

ActiveCell.FormulaR Jc 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:=xIPasteValues, Operation:=xINone, SkipBlanks

:=False, Transpose:=False

SheetsC'INPUT DATA & MAIN 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



Range("C51").Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks

“ False, Transpose:=False

SheetsfINPUT DATA & MAIN RESULTS").Select

Range("F34"). Select

ActiveCell.FormulaRIC| ="=R[9]C[28]"

Sheets("Aux-Aideal"). Select
Range(“"cal5:ctl5").Select

Selection.Copy

Sheets("Supertargeting Calculations").Select

Range("C52"). Select

*x * *x *42

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks

:=False, Transpose:=False

SheetsfINPUT DATA & MAIN RESULTS").Select

Range("F34"). Select

ActiveCell.FormulaRICI ="=R[10]C[28]M

SheetsfAux-Aideal").Select

Range("cal5:ct 15").Select

Selection.Copy

SheetsfSupertargeting Calculations").Select

Range("C53").Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks
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:=False, Transpose:=False
'**************************************************************4A

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

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

Sheets("Aux-Aideal™).Select

Range("ca 15:ct15").Select

Selection.Copy

Sheets("Supertargeting Calculations"). Select

Range("C54"). Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks

"False, Transpose:=False
kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

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

ActiveCell.FormulaR 1C1 ="=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:=xIPasteValues, Operation:=xINone, SkipBlanks

:=False, Transpose:=False

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

ActiveCell.FormulaRICI ="=R[13]C[28]"

Sheets("Aux-Aideal").Select

Range("cal5:ctl5").Select

Selection.Copy

Sheets("Supertargeting Calculations"). Select

Range("C56").Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks

:=False, Transpose:=False

yekikiccpc R E AR ) piekigkkricciikkidriciikacidaiialc AN

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

ActiveCell.FormulaRICI ="=R[ 14]C[28]"

Sheets("Aux-Aideal"). Select

Range("cal5:ctl5").Select

Selection.Copy

Sheets("Supertargeting Calculations").Select

Range("C57").Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks

:=False, Transpose:=False

SheetsC'INPUT DATA & MAIN RESULTS”).Select
Range("F34"). Select
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ActiveCell.FormulaRICl = "=R[15]C[28]"

Sheets("Aux-Aideal").Select

Range("ca15:ct15"). Select

Selection.Copy

SheetsC'Supertargeting Calculations"). Select

Range("C58"). Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks

:=False, Transpose:=False

e ek ke ke e o ke ke ek k ke ok ke e ek ok ke ke ke ke ke ek ok ok ok ok ok ok ok ek ko ko ke ke ko ok ok _k ko kkok ok % /0

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

ActiveCell.FormulaRICI| = "=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:=xIPasteValues, Operation:=xINone, SkipBlanks _

:=False, Transpose:=False

t**************************************************************50

SheetsC'INPUT DATA & MAIN RESULTS").Select
Range("F34"). Select
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ActiveCell. FormulaRICI = "=R[17]C[26]"

Sheets("Aux-Aideal™). Select

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

Selection.Copy

Sheets("Supertargeting Calculations").Select

Range("C60").Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks

:=False, Transpose:=False

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

ActiveCell.FormulaRICI ="=R[ 18]C[28]"

Sheets("Aux-Aideal").Select

Range("ca 15:ct15").Select

Selection.Copy

Sheets)"Supertargeting Calculations").Select

Range("C61").Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks

:=False, Transpose:=False

| INPUT Delta X el

SheetsC'INPUT DATA & MAIN RESULTS").Select

Range)"AH53").Select
Selection.Copy
Range)" F34"). Select
ActiveSheet.Paste

Application.CutCopyMode = False



139

Sheets("Aux-Aideal"). Select

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

Selection.Copy

Sheets)"Supertargeting Calculations").Select

Range("C66"). Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks

:=False, Transpose:=False

Sheets)"Aux-Aideal").Select

Application.CutCopyMode = False

SheetsfINPUT DATA & MAIN RESULTS").Select
Active Window. ScrollWorkbookTabs Position:=xIFirst

End Sub
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B2 Potential Retrofit Program

B2.1 Background

Heat exchanger network (HEN) design is a key aspect of
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 of HEN's. However, during the past two decades,
the retrofit of 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 hoth (Rezaei and Shafiei, 2009).
The major objectives of retrofit problems are the reduction of the utility
consumption, the full utilization of the existing exchangers and identification of the
required structural modifications.

Retrofit mechanisms:

* Addition of one or more new heat exchangers (in series or
parallel)

* Relocation of existing exchangers

* Area addition to existing heat exchangers
- Adding a shell
- Exchanging the bank of tubes by one more efficient

(Brown Fintube, Houston, TX)
* Area reduction to existing heat exchangers
* Modify piping on one or both sides of the heat exchangers



141

B2.2 MS office incorporated with Visual Basicfor Application (VBA)
Program

. .. . 2SR « Mkdosoft &G
} s bl s G 86 ey C A
Jma R '*#\"Afl'f®5 KWIV‘?)N Gﬂldo/’ i mmg
de » " r*maaAlijﬁvxfar W»-a«-. 3&: | Ve 95

gl(ﬁ 10110 1« 1T 1(510*%[510 i QW10 1CI 10M10? 1C181C191c:8

s %.

Figure B25 MS office Program Feature.
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B2.3 Instructions

B23.1 Enter Fcp (kW/°C), h (kW/°C.m2), Tin (°C), and Tout
(°C) for hot and cold streams as shown in Figure 26B.

Input data

2285 204538
159 267 [ 343 !
7788 | 0 |

403025

m % % G[@[Glx1a @1e BV (08 teu 105]06 172 651 00 [ QL

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 Optlons for AT urrent Data
Al

VAR R RN
Batimad(ng) 23106

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

B2.3.3 Enter an Economie Data which consisted of Utility cost.
Cost annualized data, Exchanger cost (cost law coefficient), and Years payhack.
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e A,
g

Figure B28 Economic data.

B234  Select an option for Capital Cost Method for
Supertargeting which are
Simple Annualized Cost

SmpteAnnuafizedEost = Energybost b LaRItaICOSt
Interest Base Annualized Cost

j
InterestBaseAmmalizedCost = EnergyCost + CapitalCost X-  ——-

ital Cost . Vethod for Supertarceti OPTIONS
Cap i T Spe Amuslza Cit
frxo 2: Interest-Based Annualized Cost

Figure B29 Option for Capital cost method for supertargeting.

B2.3.5 Select an option for the optimum HEN

Maximum RO
ROI = Energy saving/Total investment
- Maximum NPV

*
NPV = [Energy _saving X’i‘:i +l|)—] Total _investment

(

User Chosen DT min
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1 Qiniztinatieia 1~ "PTIONS Pick NawEnergy Consunption for
':L;;:'.; f '

Figure B30 Options for the optimum HEN.

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

Calculate Supertargeting |

Figure B31 Calculate Supertargeting Button.
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B2.4 Main results: The Program can automatically generate results as
shown in Figure 32B.

RESULTS

Number of Streams Pinch Temperature [C]
T COLD HOT i COLD
= 3 | F] 19 i 143

View Piach Tableau & Cascade l View Streams’ Diagrams
View Composite Curves | View Area Calculation Regions
Troin
View Crand Compesite Curve I View Net Present Value Diagnnm
View ROI Diagram I View Capital Energy Trade-off

£ Superlargeting Resuits

o PYINEING Option for Graphs ———-

peey  COMPOSHE CUIVES  srrmesme sy

Ai
i
i
#

[T Copital Energy Trade.oft

LS Ao S

L Adst Sodes _— -

By o om0
> ' 10 00 i
- J

]

Figure B32 Main Results Feature.

B2.4.1 Number of streams, Pinch temperature, and Current
ATm are shown at the top of result as illustrated in Figure 33B.
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leurent Amin [ * &

rmber of Stre inch Temperature
G

Figure B33 Number of streams, Pinch temperature, and Current ATnh

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.

\BARSCE 1 Ve s

\BAQ s Cres \eeClotioRgos !
M CaiCrpseCire Vit Pt VAreCegam
VBARILCkgan MGy e Tiakd

Figure 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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QtimmAnin[q - 172
Qe Gat3y = 160%5

QivTHiUiy{ } : ATH
Qtimmoliy{ ] . 9801
Qumimiiz| A ) - 4l
QinmRacfit Aea () - 47
Atficrd Aea(nd) - 213

Qﬂmdﬁdmmm 0
Qtimminesnat{} 2(H 136
QumnugHEgaRSY - B0
QeimmNtResart\ALe{] : 1691
QiimRiedRim - 03
QtimrrPyteddRiiad - 26

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.



148

Printing Option for Graphsg-——- —

— Composite Curves

~ Auto Soale

"adpstrs'eahs > Hin g May

. Cwmaktee Eattapy | o {0
Temperature 0 0

Update Value ] Print (=, ]

= Grand Composite Curves

» Auto Soale

! Adust Scdes P Sor iy
Cundlative Ettay | © A 0
Temperature {0 — 4o

Update Value | Print (e g

—— Capital Energy Trade-off

]

; 1

o Auto Scale i

L Adust Scales - 0o Wy i
Eneqy - <1 o000 20000

Aea i - 1500 6000 :

|

|

Update \alue Frint (==, I

Figure B36 Printing option for graphs.
B2.5 Worksheets

B25.1 “INPUT DATA & MAIN RESULTS”
Sheet “INPUT DATA & MAIN RESULTS” is consist
of 2 parts Input data and results as illustrated in Figure 25B, 32B.
B2.5.2 Tableau & Stream Cascade
Sheet “Tableau & Stream Cascade” shows problem
table or pinch cascade and stream plot as shown in Figure 14B. Automatically show
when push “View Pinch Tableau & Stream Cascade” button in sheet “INPUT DATA
& MAIN RESULTS”.
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B2.5.3 Composite curves
Sheet “Composite curves” shows composite curves of
input stream data which automatically show when push “View Composite Curves”
button in sheet “INPUT DATA & MAIN RESULTS”. As illustrated in Figure 15B.
B2.5.4 Grand Composite
Sheet “Grand composite” show Grand composite curve
of input stream data which automatically show when push “View Grand Composite
Curve” button in sheet “INPUT DATA & MAIN RESULTS”. As shown in Figure
16B.
B2.5.5 Stream Diagram. 20 Streams* 10 Streams, and 6 Streams
Sheet “Stream Diagram”, show 40 streams’ diagram of
input stream data which automatically show when push “View Streams Diagram”
button, in sheet “INPUT DATA & MAIN RESULTS”. As illustrated in Figure 17B.
B2.5.6 Area Calculation Region
Sheet “Area Calculation Region” shows Vertical heat
transfer area calculation region of input stream data which automatically show when
push “View Area Calculation Region” button in sheet “INPUT DATA & MAIN
RESULTS”. As shown in Figure 18B.
B2.5.7 Supertargeting
Sheet “Supertargeting” shows Economic Trade-off of
selecting option and input stream data which automatically show when push “View
Supertargeting Diagram” button in sheet “INPUT DATA & MAIN RESULTS”.
B2.5.8 NPV, ROI
Sheet “NPV™ and “ROI” show Net Present Value and
Return on investment, respectively which automatically show when push “View Net
Present Value”, “View ROI Diagram” button, respectively in sheet “INPUT DATA
& MAIN RESULTS”,
B2.5.9 Capital Energy Trade-off
Sheet “Capital Energy Trade-off’ show the retrofit
areas-energy curve from the selected area efficient (a) which automatically show
when push “View Capital Energy Trade-off’ button in sheet “INPUT DATA &
MAIN RESULTS”.
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Capital Energy Trade-off for Retrofit
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Figure B37 capital Energy Trade-off Diagram.

B2.5.10 Payback curve
Sheet “Payback curve” shows payback diagram of
input stream data at 1,2, 3, and selected year payback which automatically show
when push “View Payback Diagram” button in sheet “INPUT DATA & MAIN
RESULTS”
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Payback Curve
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Figure B38 Payback Diagram.
B2.6 Visual Basic for Application (Source code)

B2.6.1 SortData Function (in Module 4)
As shown in Figure 248

B2.6.2 Discount Factor Function (in Module 5)
As shown in Figure 25B

B2.6.3 Vary DTmin procedure (in Module 7)
Source code is covered in more detail in section
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