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Abstract — PEM fuel cell vehicles have been getting much attraction due to a sort of highly clean and effective trans-
portation. The onboard fuel processor, however, is inevitably required to supply the hydrogen by conversion from some
fuels since there are not enough available hydrogen stations nearby. A lot of studies have been focused on analyses of
ATR reactor under the assumption of thermo-neutral condition and those of the optimized process for the minimization
of energy consumption using thermal efficiency as an objective function, which doesn’t guarantee the maximum hydro-
gen production. In this study, the analysis of optimization for 100 kW PEMFC onboard fuel processor was conducted
targeting various fuels such as gasoline, LPG, diesel using newly defined hydrogen efficiency and keeping simply syn-
thesized heat exchanger network regardless of external utilities leading to compactness and integration. Optimal result of
gasoline case shows 9.43% reduction compared to previous study, which shows the newly defined objective function
leads to better performance than thermal efficiency in terms of hydrogen production. The sensitivity analysis was also
done for hydrogen efficiency, heat recovery of each heat exchanger, and the cost of each fuel. Finally, LPG was esti-
mated as the most economical fuel in Korean market.
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Table 1. Unit specifications for process simulation

Condition Unit Bound Comments
ATR Outlet temperature °C 600-1000 Adiabatic Gibbs reactor 600-1000 °C
HTWGS Inlet Temperature °C =400 Adiabatic Gibbs reactor 300-400 °C
LTWGS Inlet Temperature °C =190 Adiabatic Gibbs reactor 190-225 °C
PROX Inlet Temperature °C =100 Conversion reactor 100-130 °C
Product Hydrogen Production rate kg/hr =8.96 100 kW PEMFC H2 requirement [21]
PROX RAMI AR5}, Table 2. Feed fuel and component of 3 cases
] . - Case A Case B Case C
S= AN? -1+ a(?uX‘g +b(7»X‘g Feed Fuel Gasoline LPG Diesel
( AN+ ANHZ) Component iso-Octane n-Propane / n-Butane n-Hexadecane
Composition (vol%) 1 0.1/0.9 1

,0.2<X<2.6 mol% of CO in reformate
a=-0.804 + 0.8034X—0.1889X>

b=0.2503-0.3621X+0.0802X" o} AL 7Fs e dg el 71T, o248 LPG tdoln] G9le

A=process stoichiometry 5 (25 °C)o L B ARESE AR} A4S LERISIT.

B Total oxygen used in relation A8 713 & 3G ATR U= S5l o],
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Fig. 2. Heat integrated block flow diagram to be made adiabatic for entire system.
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Table 3. Optimal value of design variable and objective function 0.85 - r : : - :
Case A Case B Case C
Hydrogen efficiency 0.824 0.829 0.822
Tirr in 618 °C 623 °C 578 °C
S/C ratio 1.659 1.648 1.667 % 0.80
c
S
ghe woih E
Case BE T2 Qlgo] Hla] £& 5o fog=2e 252 B
Q=] o) ABEAY eAH] 2457 ol A A 02 WGS % 0.75
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2 e]7] wolok, ATR WH87] 7259} 721 °l ZOIi= case
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oIt} Wb 7} casedllA] QT EE F x| E Ho|Hgl: &1 Fig. 4. Effect of ATR oulet temperature on hydrogen efficiency.
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Table 4. Optimal condition results of each case

Results Unit Case A Case B Case C
O/C ratio - 0.365 0.370 0.357

Tt om °C 765.3 750.2 7379

Feed flowrate kg/hr 27.67 26.85 28.05

Air flowrate kg/hr 97.16 96.38 97.13

Additional air flowrate kg/hr 12.51 12.24 12.57

Steam flowrate kg/hr 57.90 54.80 59.52

Fuel feed liquid volumetric flowrate I/hr 39.85 46.60 36.16

CO concentration in product stream ppm 10 10 10

Table 5. Comparison of optimal performance between case A and reference

Unit Case A Ref. case [21] Comments
Thermal efficiency - 0.884 0.960 for entire process
Hydrogen efficiency - 0.824 0.583 for entire process
S/C ratio - 1.659 0.5 for ATR
O/C ratio - 0.365 0.5 for ATR
T srRrous °C 765.3 700-800
Feed flowrate kg/hr 27.67 30.55 9.43% reduction
Air flowrate kg/hr 97.16 146.94 33.9% reduction
Steam flowrate kg/hr 57.90 94.02 19.27 into ATR & 74.75 into HTWGS / 38.4% reduction
Hydrogen production rate kg/hr 8.96 8.96 Typical 100 kW PEMFC Fuel processor
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