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Component Formula | Mole/ Mass%
Methane CH4 98.543 96.693
Ethane C2He6 0.475 0.874
Propane C3H8 0.059 0.159
i-butane i-C4H10 0.014 0.05
n- butane n-C4H10 0.03 0.107
i-pentane i-C5H12 0.016 0.071
n- pentane n-C5H12 0.016 0.071
Hexane C6H14 0.077 0.406
Carbon dioxide CcO2 0.257 0.692
Nitrogen N2 0.513 0.879
Hydrogen Sulfur H2S 2.5 ppm
Total 100 100
Molecular Weight 16.35 kg/kmole
Gross Heating Value 9002.2096 kcal/m”3
Net Heating Value 8108.2737 kcal/m”3
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Component /mole e°, (kj/mole)
Methane 98.543 831.2
Ethane 0.475 1495
Propane 0.059 2152
i-butane 0.014 2804
n- butane 0.03 2804
i-pentane 0.016 3461.3
n- pentane 0.016 3461.3
Hexane 0.077 4124590
Crbon dioxide 0.257 19.48
Nitrogen 0.513 0.72
Total 100 833.031
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Apparatus Energy | Totals Exergy Totals
[kw] [kw] [kw] [kw]
Input 409059.38 423248.56
409059.38 423248.56
Delivered Generator 149933.27 149933.27
Gross Power 149933.27 149933.27
Consumption | Condensite Pump 348.73 348.73
Consumption Feed Pump 3393.76 3393.76
Consumption | Condenser Fans 2612.58 2612.58
6355.08 6355.08
Net Power 143578.19 143578.19
Efficiencies Gross 36.65% 35.42%
Net 35.10% 33.92%
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Pipe m P T h S e E
no. | [kg/s] | [bar] | ["c] | [K/kg] | [Ki/kgk] | [Ki/kg] [kw]
1 137.283 127.5 538 3442.48 6.582 1484.74 203829.86
127.5 538 3442.48 6.582 1484.74 203829.86
2 137.283 36.49 360.63 3127.26 6.678 1140.84 156618.8
36.49 360.63 3127.26 6.678 1140.84 156618.8
3 9.524 36.49 360.63 3127.26 6.678 1140.84 10865.42
35.5 359.75 | 3127.26 6.690 1137.3 10831.63
4 0.118 36.49 360.63 3127.26 6.678 1140.84 134.37
36.49 360.63 | 3127.26 6.678 1140.84 134.37
5 127.642 36.49 360.63 3127.26 6.678 1140.84 145619.02
36.49 360.63 | 3127.26 6.678 1140.84 145619.02
6 7.871 18.42 451.1 3362.55 7.330 1181.73 9300.92
17.88 450.77 | 3362.55 7.343 1177.71 9269.28
7 7.47 8.344 343.04 3146.8 7.367 955 7134.1
7.466 342.18 3146.8 7.417 939.92 7021.48
8 6.805 7.466 342.18 3146.8 7.417 939.92 6395.89
7.466 342.18 3146.8 7.417 939.92 6395.89
9 112.301 3.595 242.74 | 2951.07 7.403 748.4 84045.29
3.595 242,74 | 2951.07 7.403 748.4 84045.29
10 7.976 3.595 242.74 | 2951.07 7.403 748.4 5969.16
3.417 24243 | 2951.07 7.426 741.5 5914.15
11 104.325 3.595 24274 | 2951.07 7.403 748.4 78076.12
3.595 242.74 | 2951.07 7.403 748.4 78076.12
12 4.449 0.995 120.97 | 2718.63 7.475 494.52 2200.12
0.946 120.72 | 2718.63 7.498 487.64 2169.55
13 99.876 0.27 66.69 2553.1 7.606 290.07 28970.65
0.27 66.69 2553.1 7.606 290.07 28970.65
14 112.565 1.013 66.31 277.63 0.910 10.96 1234.16
1.013 66.31 277.63 0.910 10.96 1234.16
15 112.565 23 66.59 280.59 0.912 13.3 1496.58
23 66.59 280.59 0.912 13.3 1496.58
16 112.565 21 67.55 284.46 0.924 13.59 1530.25
21 67.55 284.46 0.924 13.59 1530.25
17 112.565 19 68.15 286.79 0.931 13.71 1543.22
19 68.15 286.79 0.931 13.71 1543.22
18 112.565 15 92.6 389.01 1.222 29.34 3302.79
15 92.6 389.01 1.222 29.34 3302.79
19 112.565 11 132.4 557.18 1.659 67.07 7550.13
7.466 132.45 557.18 1.660 66.8 7518.79
20 137.43 7.33 166.82 705.29 2.011 110.4 15172.92
9 166.8 705.29 2.010 110.53 15190.19
21 137.43 174.9 170.27 729.74 2.024 130.86 17984.34




174.9 170.27 729.74 2.024 130.86 17984.34
22 137.43 161.9 206.8 888.78 2.372 186.22 25592.04
161.9 206.8 888.78 2.372 186.22 25592.04
23 137.43 154.9 240.5 1041.55 2.681 246.8 33917.13
154.9 240.5 1041.55 2.681 246.8 33917.13
24 7.976 3.417 137.3 577.62 1.711 71.98 574.12
0.946 98.06 577.62 1.734 65.15 519.65
25 12.425 0.946 97.6 408.98 1.280 31.96 397.1
0.946 97.6 408.98 1.280 31.96 397.1
26 0.118 0.946 97.6 408.98 1.280 31.96 3.76
0.946 97.6 408.98 1.280 31.96 3.76
27 12.543 0.946 97.6 408.98 1.280 31.96 400.86
0.946 97.6 408.98 1.280 31.96 400.86
28 0.147 0.946 97.6 408.98 1.280 31.96 4.69
0.946 97.6 408.98 1.280 31.96 4.69
29 12.689 0.946 97.6 408.98 1.280 31.96 405.55
0.27 66.69 408.98 1.296 27.01 342.76
30 9.524 35.5 211.9 906.93 2.440 184.07 1753.06
17.88 206.79 906.93 2.444 182.71 1740.18
31 17.395 17.88 175.27 742.81 2.092 123.53 2148.75
7.466 167.57 742.81 2.096 122.55 2131.71
32 0.666 7.466 342.18 3146.8 7.417 939.92 625.6
7.466 342.18 3146.8 7.417 939.92 625.6
33 0.666 7.466 45.84 192.59 0.649 3.55 2.37
7.466 45.84 192.59 0.649 3.55 2.37
34 0.118 0.946 211.12 | 2897.68 7.907 544.64 64.15
0.946 211.12 | 2897.68 7.907 544.64 64.15
35 0.147 0.946 478.59 | 3443.22 8.802 823.47 120.78
0.946 478.59 | 3443.22 8.802 823.47 120.78
36 0.147 127.5 538 3442.48 6.582 1484.74 217.76
127.5 538 3442.48 6.582 1484.74 217.76
37 137.43 144.9 295.57 | 1314.42 3.187 368.69 50669.23
142.5 295.54 | 131442 3.188 368.52 50645.65
38 137.43 142.5 338.08 | 2631.53 5.358 1038.67 14274391
142.5 338.08 | 2631.53 5.358 1038.67 142743 .91
39 137.43 138.5 419 3075.9 6.058 1274.38 175137.38
136.5 417.75 3075.9 6.063 1272.75 174914.62
40 137.43 132.5 498 3328.31 6.421 1418.4 194930.88
130.5 497.05 | 3328.31 6.427 1416.54 194674.7
41 137.43 127.5 538 3442.48 6.582 1484.74 | 204047.62
127.5 538 3442.48 6.582 1484.74 | 204047.62
42 137.43 127.5 538 3442.48 6.582 1484.74 | 204047.62
127.5 538 3442.48 6.582 1484.74 | 204047.62
43 127.642 33.99 477 3400.51 7.105 1286.63 164226.95
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33.99 477 3400.51 7.105 1286.63 164226.95
44 127.642 32.51 538 3540.09 7.304 1366.89 174472.52
32.51 538 3540.09 7.304 1366.89 174472.52
45 861.272 142.5 338.07 1580.7 3.638 500.46 431035.16
142.5 338.07 1580.7 3.638 500.46 431035.16
46 861.272 142.5 338.07 | 1790.87 3.982 608.11 523749.72
142.5 338.07 | 1790.87 3.982 608.11 523749.72
47 | 1958.783 | 1.013 25 104.93 0.367 0 0
1.013 25 104.93 0.367 0 0

£y




S alizen blas o Glasl slajl5 g 1o sla b > Slasin : (P-0) Joux

T

0

Pipe m P h° s e EPh g E
no. | [kg/s] | [bar] [c] [ki/kg] | [Ki/kgk] | [Ki/kg] [kw] [kw] [kw]
50 | 155.486 | 1.073 25 -108.97 6.8919 5.56 766.07 99.03 865.1
51 | 155.486 | 1.072 37.5 -96.32 6.9337 5.74 793.71 99.03 892.73
52 | 155.486 | 1.07 280.62 153.3 7.5268 78.54 12112.24 99.03 12211.27
53 8.32 1.013 25 4617.84 | 114707 | 50869.32 0 42324859 | 423248.59
54 | 163.807 | 1.043 | 2013.05 -89.04 9.8307 | 203121 | 313047.06 | 19677.64 | 332724.72
55 | 163.807 | 1.042 | 125501 | -1194.07 9.2449 1100.83 | 160644.72 | 19677.64 180322.36
56 | 163.807 | 1.04 | 1186.78 | -1289.86 9.1814 1023.98 | 148057.66 | 19677.64 167735.3
57 | 163.807 | 1.038 | 1108.61 | -1398.62 9.1054 937.87 133951.98 | 19677.64 153629.62
58 | 163.807 | 1.034 | 953.98 -1610.38 8.9441 77421 10714334 | 19677.64 126820.99
59 | 163.807 | 1.03 671.84 -1983.2 8.6004 503.86 62857.82 19677.64 82535.47
60 | 163.807 | 1.027 | 502.98 2196.12 8.3532 364.63 40051.77 19677.64 59729.41
61 | 163.807 | 1.02 313 -2425.06 8.0174 235.84 18953.73 19677.64 38631.37
62 | 163.807 | 1.014 106.5 -2662.01 7.5216 146.7 4352.64 19677.64 24030.29
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Component Er Er Ep & Yo Yo
[kw] [kw] [kw]

HP Turbine 47211.06 | 4240821 4802.85 | 89.83 | 1.135 | 1.717
IP Turbine 7399221 | 69073.71 491850 | 9335 | 1.162 | 1.759
LP Turbine 46905.35 39962.7 6942.65 | 8520 | 1.640 | 2.483
Condenser | . | 30352.32 7.171 10.854
gl‘l’;iens‘te 337.33 262.42 74.91 77.79 | 0.018 | 0.027
EIJ::E 116.09 33.67 82.42 29.00 | 0.019 | 0.029
Gland Heater 60.39 12.97 47.42 2148 | 0011 | 0.017
FWH 1 2292.1 1759.57 53253 | 76.77 | 0.126 | 0.190
FWH 2 5340.03 424734 1092.69 | 79.54 | 0258 | 0.391
De-aerator 5855.92 | 4979.5424 876.38 | 85.03 | 0207 | 0313
FWH 4 8860.71 7607.7 1253.01 | 85.86 | 0296 | 0.448
FWH 5 9078.57 8325.09 75348 | 91.70 | 0.178 | 0.269
Feed Pump 3393.8 2794.15 599.65 | 82.33 | 0.142 | 0214
Drum 92714.56 | 92098.26 61630 | 99.34 | 0.146 | 0.220
Tube Wall 152402.34 | 92714.56 | 59687.78 | 60.84 | 14.102 | 21.344
Sh 3 12587.06 9372.92 3214.14 | 7446 | 0759 | 1.149
Rh 2 14105.68 | 10245.57 3860.11 | 72.63 | 0912 | 1.380
Sh 2 26808.63 | 20016.26 679237 | 74.66 | 1.605 | 2.429

4




Sh 1 4428552 | 3239347 | 11892.05 | 73.15 | 2.810 | 4.252
Rh 1 22806.06 | 18607.93 4198.13 | 81.59 | 0992 | 1.501
Eco 21098.04 16752.1 434594 | 79.40 | 1.027 | 1.554
Air Preheater | 14601.08 | 11318.54 328254 | 7752 | 0776 | 1.174
}S);Zirenagf 623.23 27.63 595.60 443 | 0.141 | 0213
Combustor 403669.98 | 301240.03 | 102429.95 | 74.63 | 24201 | 36.628
Stack 24030.29 0 24030.29 5678 | 8.593
Other 2375.00 0.561 | 0.849
Total 279649.01 | .. | 66.072 | 100.000
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E = Ep :
BOILER £ Yo A
[kw] [kw] [kw]
Combustion 42324859 | 29409.33 | 12915526 | 69.48 | 30.515 | 46.18
Heat Transfer To | 0,093 33 | 198983.99 | 9510934 | 67.66 | 24471 | 34.007
Steam Cycle
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Component Real Condition Unavoidable Condition
A=1.1 A=1.03
Boil Tgack =106.5°C Tqak =100°C
oret APy, =27.4bar APy, =10bar
APy, =3.98bar APy, =1bar

HPT ns=84% 1,=98% ns=90% 1,=100%

IPT ns=922% 1n,=98% ns=95%  1n,=100%

=85.26% =98%

LPT s O ISR —90% ;. =100%
Feed Pump ns = 75% Hn = 99% ne= 85% N = 100%
Condensit

0; SR =T5.6% 1 =99% ne=85% 1, =100%
ump
Condenser Theat sranster = 606.7°C Theat transier =60°C
FWH 1 AT .. =58C AT .. =3.5C
FWH 2 AT .. =9.2°C AT .. =3.5C
FWH 3(DA) AP =0.15bar AP =0.05bar
FWH 4 AT ., =72°C AT ., =3.5°C
FWH 5 AT .. =7.7C AT . =3.5°C

ol 00 °‘>)5T (\ ’—Q) Jj_» 3o u‘;.a..e‘.?u 6‘).: )JQLCLA U"‘ FLY

\id

plagl lgiee s ol il (65T &y bogypo Ceand 0 7 Jad o a5 aly, 4 azgi b Lalyl

S5ST plagsl Shle 4 aS wges mnd S izl lp 1) piiolizl s pdlolos! 5]




oy Sl )0 pib lixly pdy ol (65,51 plagsl :() --0)

E, [ E, T” E" ELY
Component — X
[kw] Eo [kw] [kw]
HP Turbine 4802.85 0.05285A 2241.60 256125 | 53.33
IP Turbine 4918.50 0.05354° 3698.52 1219.98 | 24.80
LP Turbine 6942.65 0.080007 3197.24 374541 | 53.95
Condenser 30352.32 25930.00 | 442232 | 14.57
FWHI 532.53 0.1888 332.21 20032 | 37.62
FWH2 1092.69 0.1564 664.28 428.41 39.21
FWH3(DA) 876.38 0.14984 746.13 130.24 14.86
FWH4 1253.01 0.116 882.49 37052 | 29.57
FWHS 753.48 0.064 532.81 220.67 | 29.29
Feed Pump 599.65 0.112237 313.61 286.04 | 47.70
Condensite Pump 74.91 0.151642 39.79 35.12 46.88
BOILER - - - - -
Combustion 12915526 | 0.42244° 12423821 | 4917.05 3.81
Heat Transfer To | 9510934 | 0.455604 90658.96 445038 | 4.68
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Lower
Excess Air

TT1 :
iHigher
Fixcess Air
Tn]‘ :
DEW Higher
Excess Air
:  Lower : H
i Excess Air AH pug H
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kikg k) 4® 0O (bar) kg/s)
VAR
2.03 98.06 120.7 0.95 4.447 1
4920.65 97.6 98.06 0.95 4.447 2
YA
2.07 180 242 .4 3.42 7.978 1
2.17 138.02 180 3.42 7.978 2
2990.10 137.3 138.02 3.42 7.978 3
367.39 97.6 98.06 0.95 7.978 4
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2.10 280 342.18 7.47 6.802 1
2.15 220 280 7.47 6.802 2
2.33 167.6 220 7.47 6.802 3
2575.18 166.8 167.6 7.47 6.802 4
VSR
2.18 390 450.77 17.88 7.87 1
2.20 330 390 17.88 7.87 2
2.29 270 330 17.88 7.87 3
2.61 206.8 270 17.88 7.87 4
1912.71 205.8 206.8 17.88 7.87 5
4.6 175.3 205.8 17.88 7.87 6
47.17 166.8 167.6 7.47 7.87 7
O A5 R
2.52 300 359.75 35.5 9.524 1
3.07 243.3 300 35.5 9.524 2
1748.92 242.3 243.3 35.5 9.524 3
4.83 211.9 242.3 35.5 9.524 4
269.18 206.7 206.79 17.88 9.524 5
4.45 175.3 206.7 17.88 9.524 6
47.17 166.8 167.6 7.47 9.524 7
s
2.02 98.06 211.12 0.95 0.113 1
4920.65 97.6 98.06 0.95 0.113 2
)535-?‘ > )l?"-.’
2.03 98.06 478 0.95 0.147 1
492.065 97.6 98.06 0.95 0.147 2
23S (635,59 550
3273.91 66 66.7 0.27 99.874 1
ads5 o
4.07 67.6 66.6 23-21 112.565 1
4.1 68.2 67.6 21-19 112.565 2
4.18 92.6 68.2 19-15 112.565 3
4.23 132.4 92.6 15-11 112.565 4
43 166.8 132.4 11-7.3 112.565 5
4.35 206.8 170.3 175-161 137.43 6
4.54 240.5 206.8 161-155 137.43 7
4.95 295 240.5 155-142.5 137.43 8
6.25 338 295 142.5 137.43 9
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10517.3 338.1 338 142.5 137.43 10

5.5 419 338.1 142-138 137.43 11

3.07 538 419 138-127.5 137.43 12
Sy )b

2.35 477 360.6 36.5-34 127.642 1

2.29 538 477 34-32.5 127.642 2
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Abstract

The strength of pinch analysisis that system information can be represented using simple
diagrams (e.g. composite curves, grand composite curves) and thus targets for the system.
In contrast, the power of exergy analysis is that it can identify the maor causes of
thermodynamic imperfection of thermal and chemical processes and thus promising
modifications can be determined effectively. By combining the strengths of both methods,
the proposed method can represent a whole system, including individual units on one
diagram. It has been realised that the magjor limitation of pinch analysisis that it can only
deal with heat transfer processes, not the processes involving changes in pressure or
compositions, which are very common in power and chemical processes . To overcome
this limitation, a generic diagram is used, which is the so-called Q-H diagram, where Q
indicates the energy level and H states the amount of energy. Both energy and exergy
balances for a whole system can therefore be represented simultaneously on this diagram.
Using this diagram, the major advantages of both pinch and exergy analysis are combined
since the diagram enables one to view the performance of a system and set targets for
improvement. Meanwhile, the inefficient processes and equipment can be identified and
thus promising modifications can be obtained by revealing the actual potential, which is
determined by applying the concepts of unavoidable and avoidable exergy losses. The
analysis of avoidable exergy losses indicates the maximum potentials (modification
targets) which are achievable in current technical and economic conditions.

In this report, the ssimulation of a 150 MW steam power plant was performed in a Cycle-
Tempo 5 ssimulator and operational parameters of the system were modified using the
exergy concept combined with a pinch-based approach. The application results of CPEA in
the power plant showed that its fuel consumption could be reduced by 2.2% and the
thermal cycle performance could be increased from 35.1 to 36.6%.



