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Exergetic and Thermoeconomic Analysis of Steam Power Plant
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Exergetic and thermoeconomic analyses were performed for a 137-MW steam power plant. In these

analyses, mass and energy conservation laws were applied to each component of the system. Quantitative
balance of the exergy and exergetic cost for each component, and for the whole system was carefully
considered. The exergo-economic model, which represented the productive structure of the system was used
to visualize the cost formation process and the productive interaction between components. The computer
program developed in this study can determine production costs of power plants, such as gas- and steam-
turbines plants and gas-turbine cogeneration plants. The program can also be used to study plant
characteristics, namely, thermodynamic performance and sensitivity to changes in process and/or component

design variables.
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Fig. 1 Steam power plant
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Table 1 Property values and thermal, mechanical exergy flows and entropy production rates at various state points in
the steam power plant for the case of 100 % load condition. The values in parentheses in the temperature
column indicate the steam qualities

swe| M | P | T | EL | E} | § swe| M | P | T [ Ep | Ef | &
[ke/s] | Mpa]| [°C) MW] | [MW] | [MWK] [kg/s] |Mpa]| [C] | tMw] | [MW] | [IMWK])
246 416.667| 0.101| 15.000 0.000 -0.669 0.060 702 100.148| 1.565| 87.500 3.282 0.147 0.116
248 8.333( 0.101| 15.000 0.000 -0.021 -0.001 703 8.322( 0.028! -0.960 3.045 -0.001 0.063
250] 425.000| 0.101|178.141| 15.231 -0.691 0.290 704 17.887| 0.070] 39.500 0.074 -0.001 0.010
301 118.605]15.199]234.900| 28.954 1.786 0.312 705 9.565| 0.2121120.940| 0.632 0.001 0.015
302 118.605|13.289]537.340| 181.852 1.560 0.777 7111 100.148( 1.565] 87.500| 3.282 0.147 0.116
303 105.377( 3.298{354.800| 125.006 0.337 0.707 712 100.148| 1.464}122.000 6.738 0.136 0.155
304 105.377| 3.035{536.600( 150.011 0.309 0.773 713 6.135| 0.231}208.000 4.500 0.001 0.046
401 117.689(12.863(535.500] 180.022 1.499 0.773 714 9.565| 0.212}120.940 0.632 0.001 0.015
402 114.655] 3.298]354.800;} 136.013 0.366 0.770 715 3.430] 0.401]125.400 0.245 0.001 0.005
412 0.717] 0.845)405.189 0.788 0.001 0.005 721 100.148] 1.464)122.000 6.738 0.136 0.155
414 0.106] 0.446(402.308 0.108 0.000 0.001 722 100.148| 1.363|141.900 9.191 0.126 0.176
416 0.050| 0.028399.249 0.033 0.000 0.000 723 3.430| 0.446]264.000 2,970 0.001 0.025
418 2.161| 3.035(420.330 2.730 0.006 0.015 724 3.430f 0.401]125.400 0.245 0.001 0.005
421 107.538| 3.035|534.271| 152.725 0.315 0.788 731 99.972| 1.363]141.900 9.175 0.126 0.176
422 4.638] 1.376/439.800 5.573 0.006 0.034 732 118.780] 0.952{169.500| 15.554 0.101 0.242
424 3.828| 0.845|357.700] 3.993 0.003 0.028 733 4.544| 0.845(353.800| 4.721 0.003 0.034
426 3.430| 0.446)274.000 3.004 0.001 0.025 735 14.264| 1.312182.000 2.148 0.017 0.031
428 95.415| 0.446}274.000| 83.546 0.033 0.708 741 118.605|15.401169.300| 15.360 1.810 0.239
432 0.147| 0.446]399.798 0.149 0.000 0.001 742 118.605]15.300] 194.000] 20.034 1.798 0.267
434 0.080] 0.028|396.707 0.052 0.000 0.001 743 4.638| 1.376|439.800 5.573 0.006 0.034
441 095.415{ 0.446]274.000{ 83.546 0.033 0.708 744 14.264) 1.312]182.000 2.148 0.017 0.031
442 6.1351 0.231}208.000 4.500 0.001 0.046 745 9.626( 2.9941201.200 1.760 0.028 0.023
444 8.123( 0.028( (0.960) 2972 -0.001 0.061 751 118.605; 15.300( 194.000{ 20.034 1.798 0.267
446 81.194| 0.028| (0.960)] 29.710 -0.006 0.610 752 118.605(15.199(234.900{ 28.954 1.786 0.312
451 0.160( 0.122|356.800 0.127 0.000 0.001 753 9.626( 3.146(354.700| 11.379 0.029 0.065
452 0.124| 0.028|144.218 0.052 0.000 0.001 754 9.626| 2.994|201.200 1.760 0.028 0.023
601 81.194| 0.028| (0.960)| 29.710 -0.006 0.610 761 100.148§ 1.768| 31.200 0.184 0.167 0.045
602 100.148| 0.004| 29.900 0.156 -0.010 0.044 762 100.148| 1.667| 32.900 0.223 0.157 0.048
603 0.955] 0.028| (0.539) 0.204 0.000 0.004 763 0.254( 0.028]356.000 0.153 0.000 0.002
605 17.999¢ 0.028]| 38.685 0.069 -0.001 0.010 764 0.254| 0.028¢{ 0.000 0.005 0.000 0.000
619] 3055.556| 0.203{ 15.000 0.000 0.304 0.685 771 0.254| 0.446}400.850 0.257 0.000 0.002
620{ 3055.556{ 0.152{ 30.290 5.005 0.149 1.346 772 0.160) 0.122]356.800 0.127 0.000 0.001
641 100.148| 0.004{ 29.900 0.156 -0.010 0.044 773 0.106|12.863| 535.500 0.162 0.001 0.001
642 100.148{ 1.869] 30.054 0.159 0.177 0.044 774 0.200} 0.028]470.581 0.147 0.000 0.002
643 118.780] 0.952{169.500| 15.554 0.101 0.242 781 100.148| 1.869| 30.400 0.166 0.177 0.044
644 118.780| 15.401{172.254| 15.914 1.812 0.243 782 100.148| 1.768| 31.200 0.184 0.167 0.045
01| 100.148] 1.667) 32900 0223 ous7] 0048 783 0.112|13.289{537.340|  0.172]  0.001] 0,001
784 0.112 0.028f 34.170 0.000 0.000 0.000
& AMEEFEL  IFC(International Formulation Table 2 o) 2% 53 ZAE9] 7zt 77|74
Committee) Vol A A|A & HEE o] &3t TR 27 Fxuew §ANLS 1HF AVt Sty
= 3 o) BjgEE 47 MEEEe U Utk x

7152 B &2 A e A9E Fxsio A
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Table 2 Initial investments, annualized costs and the
corresponding monetary flow rates at each
component in the steam power plant

Initial .

. Annualized cost] Monetary flow rate

Component mvii)t:;fnt [10°8/year] ‘?;y/m]
Boiler 10.000 1.283 170.032
Turbine 25.000 3.208 425.081
Condenser 8.000 1.027 136.026
Pump 2.000 0.257 34.006
Closed heater 6.000 0.770 102.019
D.H.Supply 2.000 0.257 34.006
Opend&S Pipe 2.000 0.257 34.006
Boundary 50.000 6.416 850.162
Total 105.000 13.474 1785.341

Table 3 Exergy balances at each component in the steam
power plant for the case of 100 % load condition

w CHE LOST
Component EU‘] E EX Ey X E
[MW] | [MW] | [MW] | [MW] | [MW)]
Boiler 0.000 (-420.808 | 193.134 | -0.254 | 227.929
Turbine 133.839 0.000 [-143.199 | -1.437 10.796
Condenser 0.000 0.000 | -24.823 | -0.157 24.981
Pump -2.614 0.000 0.363 1.898 0.353

Closed heater | 0.000 0.000 -2.946 | -0.096 3.042

Open&Pipes | 0000 | 0000 | -2.293 | -0.110 | 2.404

Total 131.225 |-420.808 20.236 | -0.156 | 269.504

Table 4 Exergetic-cost balances for each component in
the steam power plant for the case with initial
investment and maintenance and 100 % load
condition

Cw | Co | G |G| G | 2

Component|
[$/hr] | [$/hr] [$/hr] [$/hr] [$/hr] [$/br]

Boiler 0.000 (-7574.548( 11217.583 | -27.122 | -3445.880 | -170.032

Turbine [9511.652 0.000 | -8769.812 [-153.535( -163.224 | -425.081

Condenser | 0.000 0.000 588.718 | -75.029 | -377.664 | -136.025

Pump (-185.769| 0.000 22235 202874 -5333 -34.00¢

Closed | 4000 | 0000 | 158271 |[-10260 | -45.992 |-102.019
heater
Open | 000 | 0000 | 82125 |-11.781] 36337 | -34.00¢
&Pipes
Boundary | 0.000 | 0.000 |-3299.121 | 74.853 | 4074.430 | -850.162
Total |9325.883(-7574.548] 0000 | 0.000 | o000 |-1751.335

Table § Measured and calculated production rates of
electricity and the exergetic and efficiency at
various load conditions. The values in
parentheses are calculated ones

Mass flow rate ECHE EWne, Exergetic

Load (1000kg/hr) pfficiency | (¥
Condition | Air Fuel | Steam | [MW] Mw] [%]

50% |750.00 [15.00 | 177.62 (2215)"’;“:)‘; ( 6?;:; (33)?';; (23.360)
75% {125.00 [22.50 | 265.74 (331'55_'661‘) (‘9%2_;5‘; (331?5523) (20.885)
100% |500.00 [30.00 | 360.53 (4‘;20%811) (1'3317.‘252’; (331?i6z29) (19.741)
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