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Abstract

Exergetic and thermoeconomic analysis were performed for a 200kW Phosphoric Acid Fuel Cell(PAFC)
plant which offers many advantage for cogeneration in the aspect of high electrical efficiency and low emission.
This analytical study was based on the data obtained by in-field measurement of PC25 fuel cell plant to find
whether this system is viable economically. For 100% load condition, the electrical efficiency and the unit cost
of electricity are about 45% and 0.032 $/kWh respectively, which turn out to be much better than those for the
1000kW gas turbine cogeneration plant. Further, at lower loads, the unit costs of electricity and hot water
increase slightly and consequently more economic operation is possible at any loads..
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Table 1. Property values and enthalpy, entropy and exergy at various
state points in the PAFC system for the case of 100% load

Table 2. Exergy balances at each group of components in the PAFC

system for the case of 100% load condition.

condition. - - o lost ;
. Component E LHV By E, E”Q E, E,
sate [k'" [i : P [ gh ] Iks Ey fdm] | fm] | [kA] | pam] | (/) § o [iim)
g/h] kPa J/h k),
kPa) ! LeVh HIX1and | 19003 | 373046 | -4199.65 | 357230 | sovseoz | 0.0
011 | 3424 | 28815 | 10130 | -697.29 238 00 COSC
Reformer,
O12 | 3424 | TAIS | 10130 | 3978503 | 7976 | 1681416 Gas burner | -204345.38 | 81082.90 | 58535.07 | -89430.73 |154158.13]  0.00
021 | 3424 | 57315 | 10130 | 2333837 | 5435 | 769043 and HTX2
022 | 3424 | 72315 | 10130 | 39785.03 79.76 16814.16 Fuel Cell
Stack and -749719.48 | -12937.92 -1434.93 | .531967.51 | 560839.09 | 735220.75
041 64 | 288.15 | 10130 12,97 04 00
HTX3
141 | 1304 | 29815 | 10130 00 213 224 Steam/Water
S 1 and| 0.00 0.00 -34946.31 14676.00 | 20270.25 0.00
143 | 23402 | 703.15 | 10130 | 9914645 | 27432 | 38957.52 HTX4
151 | 23492 | 29815 | 10130 o 38.30 w037 System 0.00 0.00 220617 | 51611955 [-518325.72  0.00
152 | 23492 | 70315 | 10130 | 9914645 | 24732 | 3895752 boundary
161 677.63 423.15 101.30 86268.37 352,06 16780.22 ' Total -1016263.89 [ 71884.44 20160.35 -87030.33 | 276028.67 || 735220.75
171 | 67763 | 298.15 | 101.30 00 11036 | 11631
172 | 67763 | 42496 | 101.30 87413.64 354.57 17160.93 Table 3. Cost flow rate for each group of components in the PAFC
system for the case of 100% load condition.
211 | 13535 | 823.15 | 101.30 | 11781625 | 348.71 | 44321.56
212 | 13535 | 343.08 | 10130 | 1529624 | 14125 | 1581.95 Component| C, | Cpp | C, | Cup | € Z C,
221 | 13535 | 343.08 | 10130 | 1529624 | 14125 | 1581.95 -
HTX1 an
222 | 13535 | 463.15 | 10130 | 6093439 | 24292 | 1418401 cosc | S04 | o | 492 | 463 [ 7653 | 2798 § 00
231 | 3. ) 101. 35. . y Reformer,
424 72315 01.30 4143527 %038 17524.06 Gas-burner | -1676.9 604.8 686.2 -1158.8 1996.7 -452.0 0.0
232 | 13535 | 823.15 | 101.30 | 12034403 | 35237 | 45701.97 and HTX2
Fuel Cell
241 | 12285 | 45315 | 10130 | 2944123 | 130.68 | 6607.83 Stk aad | 61522 | 065 | 168 | -soze| 7261 | 6672 | cseLe
261 | 13535 | 463.15 | 10130 | 61150.20 | 242.85 | 14241.29 HTX3
262 | 122.85 | 453.15 | 10130 | 2944123 | 13068 | 6607.83 Steam/Water
Separator |, 0.0 | -4007 | 1902 | 2625 | -43.0 0.0
311 | 10110 | 44315 | 79020 | 279916.86 | 673.96 | 8585842 and
HTX4
312 | 10110 | 723.15 | 10130 | 341954.76 | 878.30 | 89430.72
System
331 | 10010 | 72315 | 10130 | 34195476 | 87830 | 89430.73 boundary | % 00 | 255 66876 | 67134 | 00 00
382 | 10110 | 443.15 | 79020 | 279916.86 | 673.96 | 85858.42
384 216.18 44315 792.00 598540.33 1441.12 183589.26 Total -8339.5 536.2 236.4 -1127.6 35752 -1442.0 6561.6
4101 | 10110 | 35315 | 79200 | 3377120 | 107.75 | 3278.12 The unit of the cost flow rate is 0.001 $/h
4102 | 10063 | 323.15 | 79200 | 21131.57 | 70.82 | 128031
261 38732 | 443.15 | 79090 | 278565.29 79086 | 51333.92 Table 4. Calculated production rate and the corresponding uny cost of
i i _ _ electricity and water for the PAFC system at various load
462 | 387.32 | 443.15 | 800.00 | 1072551.88 | 2580.65 | 32959261 conditions with 15 years” seryice of the system.
481 | 387.32 | 44358 | 800.00 | 1072551.88 | 2580.65 | 329592.61 Load 0% 759 100%
482 | 38732 | 443.15 | 79020 | 27856529 | 79086 | 51333.92 -
m
483 | 10100 | 32315 | 79200 | 2114131 71.08 831.41 Juel 34,88 27.72 18.96
485 | 21600 | 363.15 | 792.00 | 8141249 | 25757 | 755824 [kg/h]
491 [ 121200 | 316.15 | 10130 | 21825832 | 74205 | 6481.92 E,. -576681.22 -836131.47 -1016263.89
492 [ 1212.00 | 338.15 | 101.30 | 32970921 | 1082.79 | 19749.98 [kI/h]
494 | 10110 | 353.15 | 79200 | 3369901 | 108.19 | 2693.08 E, 367610.4 551415.6 735220.75
542 | 37144 | 82000 | 101.30 | 236336.77 | 58103 | 106119.16 [kJ/h]
551 | 371.44 | 82000 | 101.30 | 23633577 | 581.03 | 106119.16 Blectrical a o3 148
552 | 37144 | 61110 | 101,30 | 13719462 | 441.69 | 47128.84 Efficiency
562 | 68939 | 463.15 | 10130 | 13415542 | 542.05 | 3118685
Overall
57U | 68939 | 463.15 | 101.30 | 129538.15 | 519.84 | 3010233 Exergetic 622 56.7 56.4
572 | 68939 | 35215 | 101.30 | 4212509 | 304.14 | 484161 Efficiency
591 | 106083 | 442.82 | 10130 | 175184.06 | 804.79 | 37481.20 C o 8.20 820 8.20
592 | 959.73 | 32320 | 10130 | 3002187 | 42289 | 2365.09 [$/GJ]
CW 9.58 9.08 8.92
[$/G3]
CBQ 18.24 14.56 12.96
[$/GJ]
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Fig. 1 Schematic of 200-kW Phosphoric Acid Fuel Cells (PAFC) system
(modified from Kordesch and Simader, 1996)
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