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Optimal Operational Planning of 1 kW Household PEMFC System
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Abstract : The fuel cell which converts directly chemical energy of fuel into electric energy has

higher efficiency than the conventional power generation which involves several additional
processes. Especially, polymer electrolyte membrane fuel cell (PEMFC) of which the electrolyte is
a thin proton conductive polymer membrane is affordable for portable power applications and

small-scale distributed power generation including household and small building.

[t 1s very

important to not only increase the efficiency of FC itself but determine the optimal operation
mode. The optimal operational planning of 1kW household PEMFC system based on the daily
electricity and heat demand patterns was performed. The estimated economic gain was up to 20% by

adoption of PEMFC system.

Nomenclature

Crase : base rate, k¥

Cp: constant pressure heat capacity, kJ/kgK
m : mass flow rate, kg/s

M : water mass in heat reservoir, kg
P : electricity, kWh-

Pp : electric demand, kWh

Q : heat, kWh

Qp : heat demand, kWh

t :time, s

T : temperature, K

Tset : hot water temperature, K

X : fuel consumption, NM’

Z. : operation cost , k¥

subscript

AUX : auxihary boiler
FC : PEMFC
HR : heat reservior
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Fig. 1 Schematic of 1.0 kW household PEMFC
system.
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2.1 PEMFC Module
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Prc= apcXpc+ bpc (1)

Qrc = apcXre + Bre (2)
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Fig. 2 Electricity (a) and heat (b) demand
patterns of APT.
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Fig. 3 Optimal operation plan calculated by
Eq. (8), (a) Spring/fall, (b) Summer, (c)
Winter.
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Fig. 4 Heat reservoir temperature for the
case of Fig. 3.
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Fig. 4 Optimal operation plan calculated by
Eq. (9), (a) Spring/fall, (b) Summer, (c)
Winter.
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Table 1 Calculated monthly operational
cost.

IConventional| PEMFC with | PEMFC with

| system [k¥] | Eq. (8) (kW] | Eq. (9) [k¥]
Spring/Fall 151 96 95
Summer 99 79 79
Winter 216 165 165
5. d &

k¥ F 713 & PEMFC A|2~®E ofgtEo] 2§
3 A9 20% olAe] AN S AP anE ¢S
F UL Aog datdct. T3 B dAFdA A
J3F 1 kW3 7FR & PEMFC A|2®e] &4 HF
A ELS FF dsAA] AFAYE € AAA
Hrlo o] 8E F AL ALE ASHY.

References

[1]) Barbir, F., 2005, PEM Fuel Cells: Theory
and Practice, Elsevier Academic Press,
Amsterdam. -

[2] Kordesch, K. Simade, G., 1996, Fuel Cells
and Their Applications, VHC, Weinheim.

[3] Anahara, R., Yokokawa, S. Sakurai, M.,
1993, '"Present Status and Future
Prospects for Fuel Cell Power Systems,",
Proc. IEEE, Vol. 81, No. 3, pp. 399-408.

[4] Hory, S., Ito, K., Pak, P. S., Suzuki, Y., 1987,
"Optimal Planning Gas Turbine Co-
Generation Plants Base on Mixed-Integer
Linear Programming,” Int. J. Energy Res.,
Vol. 11, pp. 507-50.

[5] Oh, S., Lee, H., Jung, J., Kwak, H., 2007,
"Optimal Planning and Economic Evaluation
of Cogeneration System,” Energy, Vol. 32,
pp. 760-771. -

[6] Onh, S., Oh, H., Kwak, H., 2007, "Economic
Evaluation for Adoption of Cogeneration
system,” Appl. Energy, Vol. 84, pp. 266—-278.

- 116 -



