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Abstract - Despite the keen and continuous interest in the fuel cell system as an alternative electricity generation system,
the research has been confined mostly to the electrode material development and stack design. Sometimes, optimal design
of the integrated system has also been reported. On the other hand, research on control system design has been scarcely pre-
sented even though a fuel cell system may be subject to frequent load change during operation. In this study, a control sys-
tem structure for a 50kW PAFC (Phosphoric Acid Fuel Cell) system has been presented based on steady state simulation
studies using the commercial flow-sheet simulator, HYSYS. The prime difficulty encountered in the fuel cell control sys-
tem design against load change is that it is not clear which process variable should be regulated in the primary control loop.
In this study, through extensive simulation study, the hydrogen utilization ratio has been chosen as a regulation variable for
the primary control loop. Since the hydrogen utilization ratio cannot be measured directly, an inference model is devised and
proposed, too. On the basis of the concept of the primary control loop, the control structure for the whole PAFC system has
been suggested.
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Fig. 1. Process flow diagram of the 50 kW PAFC in LG-Caltex Oil Corp.
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Fig. 2. Realization of the reformer for simulation.
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Fig. 3. Typical temperature profiles in the reformer.
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Table 1. Comparison of simulation results with experimental measurements

(a) 50 kW PAFC under 50% Load

Simulation results

Experimental results

Stream Reformer in Reformeut HTSC out LTSC out Reformer out HTSC out LTSC out
H, 0 1.056 1.1456 1.231 1.0708 1.1511 1.12271
(e{0) 0 0.172 0.0823 0.0049 0.1597 0.0795 0.0034
Co, 0 0.1494 0.239 0.3164 0.1623 0.2425 0.3185
H,O 1.1111 0.6404 0.5508 0.4733 0.6269 0.5466 0.4706
Flow rate
5 0 0 0 0 0 0 0
(kmole/h)
CH, 0.228 0.0039 0.0039 0.0039 0.0033 0.0033 0.0033
C,Hg 0.025 0 0 0 0 0 0
CsHg 0.0123 0 0 0 0 0 0
CsHyo 0.0026 0 0 0 0 0 0

(b) 50 kW PAFC under 70% Load

Simulation results

Experimental results

Stream Reformer in Reformer out HTSC out LTSC ou Reformer out HTSC out LTSC out
H, 0 1.4389 1.5781 1.672 1.5069 1.6059 1.6973
co 0 0.2493 0.1104 0.0159 0.1977 0.0986 0.0072
CO, 0 0.1929 0.3321 0.4261 0.2485 0.3476 0.4390
H,O 1.35 0.7149 0.5757 0.4816 0.6553 0.5562 0.4648
Flow rate
(kmole/h) o, 0 0 0 0 0 0 0
CH, 0.3192 0.0134 0.0134 0.0134 0.0091 0.0091 0.0091
C,Hg 0.035 0 0 0 0 0 0
C;Hg 0.0172 0 0 0 0 0 0
CHyp 0.0037 0 0 0 0 0 0
CH,/Steam __|
flow rate ¥
Equilibrium reaction |, Composition in
af steam reforming reformer outlat
Reformer outlat
temperature/ ——?
pressure
Shift reactor e ; Amount of ':u?ﬁur
d o Equiliby raactian »
temperature/ i -;|:J1I Ishrllll-;llnaacliur:} hydrogen
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=F, o F, 5o Hydrogen
utilization
. Amount of
Current » |/2F —» hydrogen e
consumption Hz"
Fig. 12. Estimator of the hydrogen utilization ratio.
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Table 2. Energy recovery from the 50kW PAFC system

Hydrogen utilization ratio(%) 72 77 80
CH, Input To reformer*(kcal/h, (%)) 119078(100) 111705(100) 107237(100)
To catalytic combustor*(kcal/h) 0 0 11187
Output Electricity(kcal/h, (%)) 50654(43) 50654(45) 50654(47)
Steam(kcal/h, (%)) Latent heat 8424(7) 8647(8) 9470(9)
Sensible heat 1699(1) 1764(2) 1932(2)
"Heat of combustion with reference stat€®@51 atm gas
" Reference state: water at %0
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y : mole fraction
F : Faraday constant [C/mole]
R : load (resistance) (¥
A : heat of vaporization of water [J/mole]
q : steam fraction
c : average specific heat [cafG]
S : effective area of a unit cell [én
n : No. of unit cells in stack
n : hydrogen utilization
i

: current density [mA/cr

m : molar flow rate [mole/min]
a : anode

c : cathode

S : stack

w

: cooling water
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