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Power Distribution Optimization of Multi-stack Fuel Cell Systems for
Improving the Efficiency of Residential Fuel Cell
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minjin@kier.re.kr Abstract >> The fuel cell market is expected to grow rapidly. Therefore, it is neces-

sary to scale up fuel cells for buildings, power generation, and ships. A mul-
ti-stack system can be an effective way to expand the capacity of a fuel cell.
Multi-stack fuel cell systems are better than single-stack systems in terms of effi-
ciency, reliability, durability and maintenance. In this research, we developed a
residential fuel cell stack and system model that generates electricity using the
fuel cell-photovoltaic hybrid system. The efficiency and hydrogen consumption of
the fuel cell system were calculated according to the three proposed power dis-
tribution methods (equivalent, Daisy-chain, and optimal method). As a result, the
optimal power distribution method increases the efficiency of the fuel cell sys-
tem and reduces hydrogen consumption. The more frequently the multi-stack
fuel cell system is exposed to lower power levels, the greater the effectiveness of
the optimal power distribution method.
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Nomenclature B, : activation energy, kJ/mol.
F : Faraday constant, 96,485 C/mol.
a, : surface area of catalyst. FC : fuel cell.
BOP : balance of plant. i . current density, A/em’.
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. : exchange current density for the oxygen
reaction, A/cm”.

Ky, ky, Ky, ky: power allocation coefficient.

L, : usage of catalyst.
P : pressure, bar.
) ax.cach . Maximum power output for each
FC system, kW.
P : partial pressure of reactants, bar.
P,  : total power output, kIV.
PV : photo voltaic.
R : gas constant, J/mol « K.
RH  : relative humidity.
T : temperature, A.
t, : thickness of membrane, cn.
T,, : reference temperature, 298.15 K.

: cell voltage, V.

cell

: reversible voltage, V.

rev

Greek letters

a : kinetic parameter.
Mot : activation overvoltage, V.
ngop - efficiency of BOP.

Toonverter - €fficiency of converter.

: efficiency of inverter.

T]mrerl,er .

T]ohmic : Ohmk: lOSS, V

Nyaa - efficiency of stack.

n : efficiency of total system.

sys

N, - efficiency of each system.

Nyyeior - fficiency of overall system.

A : water contents of membrane.

o, : membrane conductivity, §/cm.
Subscripts

a : anode.

c : cathode.

m : membrane.
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Table 1. Parameter comparison before and after parameter estimation

Parameter Reference Final
e Kinetic parameter 0.125 0.356654
coeff(iy ) Coefficient of exchange current density (i, X a, X I, ( P”/ )) 0.01 0.000126107
coeff(\) Coefficient, water contents of membrane 14 5.95424
Vo Reversible voltage 1.1 0.950004
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Table 2. Hydrogen consumption and average efficiency for each case per 30 days

Case 1 Case 2
Power distribution Hydrogen consumption (kg) | Average efficiency | Hydrogen consumption (kg) | Average efficiency
Equivalent Distribution 552.12 54.923% 626.28 54.727%
Daisy-Chain Distribution 564.27 53.739% 636.84 53.818%
Optimal distribution 551.43 54.991% 621.78 55.122%
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