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Abstract — In this study, the exergy analysis is conducted on the well known performance of already devel-
oped system and then compared with the efficiency of each equipment to propose optimum operation of the
system. The system used in this study is 500 MW coal firing power plant. The efficiency of the boiler is
67% and the condenser is 99% by exergy analysis. The exergy consumption of the boiler was 32.95% at
100% load. The exergy consumption of the high pressure turbine and the low pressure turbine is 8.31% and
8.12%, respectively. Together with the concrete study on the object of performance revision of the low effi-
cient development system proved in this study, if detailed exergy analysis on the operation condition of the
equipments of the development system presently being operated is continued, then it is expected to help min-
imize the exergy consumption of relatively low efficient parts that are worn-out or miss-installed.
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Fig. 1. The countflow heat exchanger used to discuss
the effects of heat transfer and friction on exergy
destruction.
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Fig. 2. The temperature-entropy diagram used to
discuss the effect of friction on the performance of
turbine and compressor stages.
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Table 2. Exergy rates associated with fuel and products for selected components at steady-state.

Pump or fan Turbine Heater Mixing unit Boiler
Flue gas
Hot stream Hot 4 Feed
water
2 12 :
Cold -
\, stream 2 Main
W 1 Cold 3 ™ Steam
—
3 9 1 1 7 Cold
Coal —ppi reheat
Air —| 8
4 2 Hot
147 Ash l 3 reheat
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Table 3. The data of the boiler.

Main steam flow (t/h) 1543
Reheat steam flow (t/h) 1217
Main steam pressure (kg/cm?) 247
Reheat steam pressure (kg/em?) 37
Main steam temp (°C) 538
Reheat steam temp (°C) 538
Total air flow (t/h) 1641
Total fuel flow (t/h) 172
Boiler fuel/air ratio 0.1048
Number of pulverizers 6
Economizer outlet O, (%) 3.6

Table 4. The data of the turbine, generator and
balance of plants.

Turbine speed (rpm) 3,600
Number of stages (HP/IP/LP) 18 (7/5/6)
Turbine blade material 12Cr alloy steel

Maximum wheel diameter (mm) 3,150
Generator speed (rpm) 3,600
Generator capacity (kVA) 612,000
Generator current (A) 16,061
Condenser pressure (mmHgA) 38.1
Cooling water flow (t/h) 88,570
Number of feed water heaters 8

Number of boiler feed water pumps 3
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Fig. 3. The exergy analysis flow chart of the system.
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Table 5. The feed water heater’s exergy calculation for various loads by ASPEN PLUS EXERCOM [kW].

Equipments 50% load 75% load 100% load
Extraction steam 1060.83 2260.13 3812.69
Drain from front stage 99.19 260.61 506.13
preed water Feed water in 149.80 356.51 728.91
Feed water out 840.06 1901.34 3367.95
Drain 2.86 2227 76.58
Extraction steam 1340.45 2531.85 4035.62
Drain from front stage 192.30 44482 814.68
heed water Feed water in 840.06 1901.34 3367.95
Feed water out 2020.49 4139.38 6896.57
Drain 99.19 260.61 506.13
Extraction steam 2173.57 3824.86 5824.43
Drain from front stage 244.53 536.64 947.67
jheed water Feed water in 2020.49 4139.38 6896.57
Feed water out 3933.28 7543.39 12059.92
Drain 192.30 444.82 814.68
Extraction steam 6909.09 11914.04 17942.09
Feed water Feed water in 3933.28 7543.39 12059.92
heater No. 4 Feed water out 9345.79 16970.94 26291.77
Drain 244.53 533.64 947.67
Extraction steam 4121.60 7265.63 11418.18
Drain from front stage 2912.75 6385.98 11504.63
hiifgr Nater Leak steam from HPT Low Pr. side 550.16 818.90 1131.56
Feed water in 9345.79 16970.94 26291.77
Feed water out 16321.34 30564.89 49054.30
Extraction steam 6103.15 10246.16 11418.18
Drain from front stage 3141.57 6896.20 12535.67
Feed water Leak steam from HPT valve stem 72.57 112.29 152.18
heater No. 6 Feed water in 20056.06 38593.44 62645.01
Feed water out 2579091 48472.13 77318.27
Drain 2912.75 6385.98 11504.63
Extraction steam 15137.16 27442 .44 42176
Drain from front stage 2081.72 4582.48 8518.08
peed water Feed water in 25790.91 48472.13 7731827
Feed water out 38921.89 72043.85 113110.91
Drain 3141.57 6896.20 12535.67
Extraction steam 12200.81 22469.21 36829.13
Feed water Feed water in 38921.89 72043.85 113110.91
heater No. 8 Feed water out 48601.83 89283.24 140426.30
Drain 2081 4582.48 8518.08
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Table 6. The boiler’s exergy calculation for various load by ASPEN PLUS EXERCOM [kW]

Equipment 50% load 75% load 100% load
Fuel 508149.04 767613.85 924181.01

Air 420.77 611.00 809.21

Flue gas 21032.47 35439.36 40707.96

Boiler Feed water in 48441.29 89060.45 140147.81
Main steam 293177.42 450343.66 620424.33

Cold reheat 165809.85 254289.44 352640.73

Reheated steam 216193.01 335014.81 465323.30

50%, 75%, 100% -3}ollA 2] 4714719 3+,
7 AXR S} Bule) 715700 AT JMA] G T

shlet.

Table 6241 EXERCOMZ- o|-83}¢d 50%, 75%, 100%
9] BaloflA R FHEE 98, 9428 ), F

% 227 9 Qg2r)e] QMR ZHE Felge}. 100%
Bl BYe)g TEFEE dR9 dAMAE 924 MW

o o]2a EHel| n3 1.848u] A=V} FEFHAA.

712 wiESE davknd] JMAE 40 MWE et
Table M= TFe], ZRFEEl, Zqteal] 19, &

Table 7. The main turbine’s exergy calculation for various loads by ASPEN PLUS EXERCOM [kW].

Equipments 50% load 75% load 100% load
Main steam inlet 293177.42 450343.66 620424.33
HP leak to IPT in 4329.76 6608.76 9059.47
Valve stem leak to SSR 43.64 65.52 88.54
Valve stem leak to FWH 6 97.48 149.99 198.99
HP Turbine Valve stem leak to IPT in 751.64 1155.56 1415.31
LP leak to SSR 318.32 485.26 659.71
LP leak to FWH 5 646.34 1025.42 1405.35
Exhaust steam to FWH 8 12238.57 22560.91 37084.13
Exit steam to FWH 7 15179.15 27544.94 42362.12
Exit steam to reheater 165809.85 254289.44 352640.73
Steam from reheater 216193.01 335014.81 465323.30
Leak from HPT 4329.76 6608.76 9059.47
LP leak to SSR 162.85 250.61 345.13
IP Turbine Exit steam to BFP 7000.43 13350.61 22272.25
Exit steam to LP 130965.70 202059.24 278959.96
Exit steam to FWH 5 4133.22 7291.37 11467.63
Exhaust steam to 6 HTR 6141.71 10317.01 15003.39
Crossover steam 130965.70 202059.24 278959.96
Exhaust steam (4.74ata) 1741.03 1222.78 18130.80
LP Turbine Exhaust steam (1.30ata) 550.89 3882.81 5921.13
Exhaust steam (0.594ata) 341.03 2582.19 4123.83
Exhaust steam (0.259ata) 271.01 71.07 3846.76
Exit steam to condenser 2614.23 7793.39 13805.94

Table 8. The condenser’s exergy calculation for various load by ASPEN PLUS EXERCOM [kW].

Equipment 50% load 75% load 100% load
Steam in 2614.23 7793.39 13805.94
Drain from FWH1 20.86 22.32 76.58
Condenser Steam from BFP 179.76 3033.37 1525.39
Miscellaneous (from SSR) 7.86 15.14 22.79
Condensate to FWH1 7.44 46.15 144.49

Energy Engg. J (2003), Vol. 12(3)
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Table 9. The exergy analysis of 50% load [MW].

Equipments E, E: E con
Feed water heater No. 1  0.69026  1.15716  0.4669
Feed water heater No. 2 1.18043 143356  0.25313
Feed water heater No. 3 1.91279  2.2258 031301
Feed water heater No. 4 541251  6.66456 125205
Feed water heater No. 5 6.96655  7.58451  0.61796
Feed water heater No. 6 573485  6.40454  0.66969
Feed water heater No. 7 13.13098 14.07731  0.94633
Feed water heater No. 8  9.67994 10.119 0.43906
Boiler 295.11929 487.53734 192.41805
Superheater 24473613 - -

HP Turbine 84.934 93.76267  8.82867
Reheater 382.0038 - -

IP Turbine 67.140 72.11886  4.97886
LP Turbine 106968 12544751 1847951
Condenser 279727 2.80471  0.00744
SUM 229.6707
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Table 10. The exergy analysis of 75% load [MW].

Equipments E, E: E cox
Feed water heater No. 1 1.54483 249847  0.95364
Feed water heater No. 2 2.23804 271646 (047842
Feed water heater No. 3 3.40401 3.91368  0.50967
Feed water heater No. 4  9.42755 11.3804 1.95285
Feed water heater No. 5 13.59395 14.47051  (.87656
Feed water heater No. 6  9.87869 10.8687 0.99001
Feed water heater No. 7 23.57172 25.12872  1.557
Feed water heater No. 8  17.23939 17.88664  0.64725
Boiler 44201158 702.78549 260.77301
Superheater 361.28621 - -

HP Turbine 12348 136.44786 12.94986
Reheater 80.72537 - -

IP Turbine 100938 108.35473 741673
LP Turbine 160.556  175.707 15.151
Condenser 10.81807 10.86422  0.04615
SUM 304.297
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Table 11. The exergy analysis of feed water heaters at 100% load [MW].

Equipments E. E: E cox € (%)
Feed water heater No. 1 2.63904 4.24224 1.6032 62.21
Feed water heater No. 2 3.52862 4.34417 0.81555 81.23
Feed water heater No. 3 5.16335 5.95742 0.73407 86.67
Feed water heater No. 4 14.23185 16.99442 2.76257 83.74
Feed water heater No. 5 22.76253 24.05437 1.29184 94.36
Feed water heater No. 6 14.67326 16.18661 2.61186 94.05
Feed water heater No. 7 35.79264 38.16519 2.37255 93.78
Feed water heater No. 8 27.31539 28.37405 1.05866 96.27
SUM 133 84.93

°] 18.93 MWZ 7} hab_ J1qtEfdlo] 14.58 MWE
7oA AZ ook el A AR £AL2 4155
MW=2A F571471e] HIsH £ X% AA &4
2 3.12ue Zelsict. Bl FFEE kel 39
7Hd7]l s 7] gl £4de] AX T

Table 130 Bdg)e}l B4rle) drz] An, T8-S
velych 2dzje] Axz] ARr} F2 291 MWE
et 7 & 2oz el J4r|E A B
2] AMA] BEE BTl dHEHE Al wEE
7], ¥l F971E7] 55, XdE 92 S,
Enl 579 dMA] gl gk Bl dE
drzje] ]2 e, B4719) AMA] B8-S 99.06%

2 ofzal Adee 717120 velgel. Bdele d9d)
A 1EAA Tgo] 90%U I TE 772 FrEge
Mz BMAR 67.05%2] A & 7712 By
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Table 12. The exergy analysis of main turbine [MW]

Equipments E, E; E con e (%)

HP Turbine 160.925 175.50998 14.58498 91.69
1P Turbine 138.295 146.33441 8.03941 945}
LP Turbine 214.2 233.13115 18.93115 91.88

SUM 41.554 92.69

Table 13. The exergy analysis of boiler, condenser
and pipes [MW].

Equipments E: E; Ecox (%)
Boiler 592.95909 884.28226 291.32317 67.05
Superheater 480.27652 - - -
Reheater 112.68257 - - -
Condenser 15.28621  15.4307 0.14449 99.06
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g 7712 SgE.
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Fig. 4. The exergy consumption trend for various
loads.
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Fig. 5. The exergy efficiency trend for various loads.
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Fig. 6. The boiler 100% load off design model by STEAM MASTER.
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Fig. 7. The turbine 100% load off design model by
STEAM MASTER.
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