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Performance optimization of 1 kW class residential fuel processor
*Un Ho Jung, Kee Young Koo, **Wang Lai Yoon
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Abstract : KIER has been developed a compact and highly efficient fuel processor which is one
of the key component of the residential PEM fuel cells system. The fuel processor uses methane
steam reforming to convert natural gas to a mixture of water, hydrogen, carbon dioxide, carbon
monoxide and unreacted methane. Then carbon monoxide is converted to carbon dioxide in
water—gas—shift reactor and preferential oxidation reactor. A start—up time of the fuel processor
is about 1h and CO concentration among the final product is maintained less than 5 vol. ppm. To
achieve high thermal efficiency of 80% on a LHV basis, an optimal thermal network was designed.
Internal heat exchange of the fuel processor is so efficient that the temperature of the reformed
gas and the flue gas at the exit of the fuel processor remains less than 100°C. A compact design
considering a mixing and distribution of the feed was applied to reduce the reactor volume. The
current volume of the fuel processor is 17L with insulation .
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2.1 Process flow diagram

Figure 1o+ KIER fuel processor® 343
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Fig. 1 KIER fuel processor PFD

Fuel processor® d&E &S #Ho|7] g E=
e darglo] w9 = Q3lc}l. Fuel processor
o EFE Yrtes MEIIA F A7l U
Rolq FEF dudS 717 F 1000CH = W&
Hofo sl UF dusle] a&4ow doji}
2] S AL MAIAY wFtAY wWEerE
FolA Al ®th. Figure 1] YERH wie} Fo] &
o] A9 MREESVIE FUE7] A FEE dES

AR F%7] ez Wy oo 3ty o= &

oel vl dwas Axel Ak, o W Ay
she £ A9RE 47 Ee exe) dglo
= Ause s Aol maHeln,

2.2 1kWZ fuel processor

Figure 20| 24 #|1Z% fuel processor?
AL JeERQTE. SMR v 9} WGSHFS )=
dA st AAEIG o e ProxREs7E AdA|
STk, Al whgrIe] FIe 32 16.5L=
SMRHWGS ¥F-2-7]17} 14Lo]™ PrOx¥F-2-7]7F 2.5L9]
U .Figure 29] ARl F Hed o2 Yed S
TN vkg-7] Atole] AAn|#E Proxell A o
dE E2 MRHGS WHE7Z2 FaHH WS &7
oA U& MA7LAE Prox WS E TAl B
Aok WY& wkg7]e AY ARl fAsh 3
Aoz M H o] v, 7} G9FAge] wg7]
ol = X AATZF AX 5 o] 9lo] Hhgo]
A A 2 dgT1e REE S
5719 gde 3 199 SR WS
Microtherm(R)< Al-&3Flom 1}

S Algye ddAE AE S

=
a

Fig. 2 1 kN class fuel processor
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Table 1. Operating condition of Fuel processor

SMR WGS Prox
Catalyst | Ru/AlL,O, Pt/ZrO, | Pt-Ru/AlLQ,
GHsV 3000 2000 3000

Temp. 640~720°C | 180~350°C | 110~140°C
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Table 2. Performance of fuel
SMR exit temperature

processor with

BN SMR 112 % (°C)
(dry basis,
vol. %) 640 660 680 700 720
H, | 78.43 | 78.99 | 79.46 | 79.48 | 79.6
V\!GS CH, 1.25 0.66 0.3 0.16 0.09
B Cco 0.37 0.42 0.48 0.55 0.65
CO, | 19.95 | 19.93 | 19.76 | 19.81 | 19.76
H, | 76.24 | 76.19 | 75.41 75.7 | 75.75
CH, 1.23 0.65 0.30 0.16 0.09
Prox coO 5 ppm Olat
=
CO, | 19.79 | 20.03 | 20.07 | 20.09 | 20.10
N, 2.74 3.13 3.59 4.05 4.06
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Fig. 4 C-conversion & thermal efficiency with
SMR exit temperature
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Fig. 3 Temperature profile of fuel processor
with load change
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Table 3. Performance of fuel processor with

|oad change
X A S5t (%)
(dry basis,
vol. %) 40 60 80 100

H, 79.03 79.48 79.41 79.48

CH, 0.10 0.11 0.14 0.16

WGS &+
Cco 0.37 0.42 0.49 0.55

CO, 20.05 19.99 19.96 19.81

H, 76.90 76.74 76.14 75.70

CH, 0.10 0.11 0.14 0.16

Prox &+ CcO < 5 ppm

CO, 20.13 20.03 20.09 20.09

N, 2.70 3.12 3.63 4.05
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