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A Simulation based Study on the Economical Operating
Strategies for a Residential Fuel Cell System
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ABSTRACT

In case of residential fuel cell system, it is significant to stably supply heat and power to a house
with high efficiency and low cost for the successful commercialization. In this paper, the control strategy
analysis has been performed to minimize the total cost including capital and operating cost of the
residential fuel cell system. The proposed analysis methodology is based on the simulator including the
efficiency models as well as the cost data for fuel cell components. The load control strategy is the key
factor to decide the system efficiency and thus the cost analysis is performed when the fuel cell system
is operated for several different load control logics. Additionally, annual efficiency of the system based on
the seasonal load data is calculated since system efficiency is changeable according to the electric and heat
demand change. As a result, the hybrid load control combined electricity oriented control and heat oriented
control has the most economical operation.

KEY WORDS : Fuel cell($1 %)), Cogeneration( ¥ §}), Operation control(2-2#]0]), RPG(7}4 4 =
7 A1), Simulation(A] & 2 ©] A1)

Nomenclature VFC  : voltage of fuel cell, V
G : gibbs free energy, J
EFC . producted electrical energy of fuel P . partial pressure, Pa
cell, J S/C . steam/carbon ratio
QFC  : producted heat energy of fuel cell, J Fsteam : vapor supply to reformer
Ks : chemical equilibrium number of gibbs
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Fig. 2 PEFC stack

Fig. 1 A schematic diagram of the NG-fed residential cogene-

ration PEFC system
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Table 3 Unit cost of residential fuel cell system

b .

2101 K| .

o

(Unit : Won)
Installation cost 1,500,000
Stack
Once replacement cost 1,050,000
Installation cost 3,500,000
BOP
Once replacement cost 115,000
Fuel NG unit cost 702.112[Won/Nm']
Table 4 Residential electric cost
Spring | Summer | Autumn | Winter
Daily usage(W) 8706 9482 8904 10304
Monthly usage(kW)| 261.18 | 28446 | 267.12 | 309.12
Base rate 1430 1430 1430 3420
Electricity rate 27187 31105 28186 35987
Monthly rate(Won) | 28,617 | 32,535 | 29,616 | 39,407
Table 5 Residential heating cost
Spring | Summer | Autumn | Winter
Daily usage(W) 12420 7340 12420 | 44550
Monthly usage(kW) | 372.6 220.2 372.6 1336.5
NG usage(m’) 37.47 22.15 37.47 134.42
Monthly rate(Won) | 26,311 | 15,549 | 26,311 | 94,375
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Table 6 Seasonal operating cost according to control strategy
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