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Abstract : The plume causes freezing in winter, causing damage to facilities and safety problems. Some
studies on plume reduction are necessary for the operation of fuel cell power plants. Conventional
technologies for reducing plume use a method of cooling the exhaust gas to condense and remove the
water vapor. This method requires a lot of space and energy for a large heat pump. In this study, the
performance of MED (moisture extraction device) for fuel cell exhaust gas was analyzed based on LD
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(liquid desiccant) technology. A MED process based on LD using the absorbent PFS (potassium
formate solution) was constructed by applying Aspen Plus, and the dehumidification performance of the
exhaust gas of a 1 MW MCFC (molten carbonate fuel cell) power plant was considered. The water
removal process of the liquid dehumidifier was simulated under various conditions, and the optimum

operating conditions for plume reduction were derived from these results. It was confirmed that the plume

was not generated when supplying 60% concentration PFS to the liquid dehumidifier at 211 L/min. In
addition, the exhaust gas temperature should be cooled to 150C for dehumidification efficiency, and the
heat from this process can be utilized in the PFS regeneration process to improve the energy efficiency of
MEDs. Therefore, it is expected that it will be possible to realize a plume reduction device with higher
energy efficiency than the conventional method using a heat pump.

Key Words : Liquid Desiccant, Moisture Extraction Device, Potassium Formate Solution,

Dehumidification Performance
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Table 1 Calculated result of composition of exhaust gas from a 1 MW MCFC power plant

Case 1 Case 2 Case 3
g/s mol% g/s mol% g/s mol%
H, 0.3567 1.27 0.3567 1.34 03567 1.43
CO, 64.90 10.47 64.90 11.13 64.90 11.78
0, 24.11 5.35 24.11 5.69 24.11 6.02
N, 248.10 62.91 248.10 66.84 248.10 70.77
H,O 50.71 20.0 35.80 15.0 22.54 10.0

Table 2 Calculated result of required dehumidification for 60% of relative humidity

Ambient MOiS:};Z flow Molifit;:;r;o:ln(ﬂe Required dehumidification for RH 60% (g/s)
temperature RH 60% RH 60%
(C) (g/9) (%) Case 1 Case 2 Case 3
0 0.7454 0.37 50.1 35.1 21.78
5 1.073 0.52 49.5 34.8 21.45
10 1.514 0.74 49.2 34.2 21.03
15 2.108 1.03 48.6 33.6 20.43
20 2.902 1.41 47.7 33.0 19.65
25 3.951 1.91 46.8 31.8 18.60
30 5.327 2.56 453 30.6 17.22
— A3 gERA o s PRGNS Ageta 9
0.0, Dry gas (RH <60% -
Mepe ) ettt ')PreventingWhite Smoke g, PREAGHS o5 4 Q~@e 2ol =34
\ED T} 2226)
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Fig. 3 Schematic of MED simulation based on LD
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Table 3 Process simulation results that can reach 60% of relative humidity based on external air temperature

effective for reducing plume

Stream Conditions Case 1 Case 2 Case 3
Initial mole fractions (%) 20 15 10
Inlet temperature (C) 150
Exhaust gas Outlet temperature (C) 17.8 18.0 17.5
Outlet relative humidity (%) 63.9 64.7 62.8
Outlet total volume flow (m*/hr) 987.4 978.1 971.84
Volume flow (L/min) 211
Inlet concentration (%) 60
PES Inlet temperature (C) 10
Outlet concentration (%) 56.2 57.2 58.1
Outlet temperature (C) 73.3 61.0 49.6
Ambient temperature (C) 10
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moisture removal rate
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Table 4 Heat duty to the regenerator and the

pressure required to

make the initial

concentration
Heat duty (kW) Pressure (bar)
Case 1 214 0.5
Case 2 200 0.44
Case 3 188 0.4
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