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ABSTRACT: Methanol fuel has a large potential for marine
applications of solid oxide fuel cells due to its extensive source
and convenient storage and transportation. A methanol-fueled
solid oxide fuel cell (SOFC) cogeneration system for the
marine is proposed. The reforming reactor model is established
based on the kinetics of methanol reforming. A SOFC
mechanism model is established by Aspen Custom Model
software. The influences of water alcohol ratio and reaction
temperature on methanol reforming, fuel utilization and
operating temperature on SOFC working processes are
analyzed. The results indicate that the optimal water to alcohol
ratio and reactants outlet temperature are 1.3/1 and 280°C,
respectively. The optimum operating temperature and fuel
utilization of SOFC are 760°C and 0.65, respectively. The
energy loss and exergy loss of the system will increase with the
increase of SOFC power. When the SOFC power is 50 kW, the
electrical efficiency, energy efficiency and exergy efficiency of
the system are 59%, 89% and 41%, respectively. The proposed
cogeneration system could realize efficient cogeneration supply
and provide guiding recommendations for SOFC ship platform

applications.
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Fig.1 Methanol reforming solid oxide fuel cell cogeneration system
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Table 1 Parameters of methanol steam reforming model

2 18 LRA
AT T 4 8.8x108 s'g!
BRI T 4, 3.8x1018 m’s 'bar' g
BHITP T 45 4x107 s 'bar ' g
AT 4.5 6.5x109 s'bar ' g

SR iFALRE Eay 76 kJ/mol
MD AL RE Eas 170 kJ/mol
WGS JifftEE Eas 67 kJ/mol
rWGS JEEE Eas 108 kJ/mol
ANAEa 101.325 kPa
JSE 175-325 C
CH;OH/H,0 JE/R E 1.3 —
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Fig.2 Effect of temperature on methanol

conversion rate and product yield
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Table 2 Conductivity coefficients of
SOFC functional layers
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FH % 9.5x10"/T —1150/T
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Fig. 3 Simulation and experimental polarization curves
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Table 3 SOFC structure and operation parameters

ZH HfE
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AL L HE FR T A 200
AR 3
b 55 HE L F/(C/mol) 96 485
HFHn 2
FHBIE AL AE E, o/ (KJ/mol) 90
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Table 4 Standard chemical exergy of component

Moy S E0/(kJ/mol)
H, 8& 236.09
Co B& 275.43
CO;, A& 20.11
H,0 8& 9.50

H,0 WA 0.90
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CH;0H WA 722.30
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on hydrogen yield and heat load
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temperature on hydrogen mole fraction
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Table S Fuel gas component

HREHT ARG

CH,0 0.435 0.005

H,0 0.565 0.076

Co 0.000 0.000

Co, 0.000 0.230

H, 0.000 0.689

J R/ (kg/h) 37.143 37.143
JE R/ (mol/h) 1540.309 2850.061
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Fig. 7 Effect of operating temperature and
fuel utilization on SOFC output power

SOFEC #ii Th% m T 50kW. JHIE SOFC HiTh#a 4k
FFEAHMNSEL, SOFC MRRLFI A E /N T 0.65.

SOFC AR FE S A RIRI F 22 (U)X SOFC Hi
BMEEME 8 s, i SOFC HLRUR M FE
FEEimn g, BEERNR SR kN . Ay
55 SOFC LA BRIk &, HLFEME
IR, SOFC HZR LI Ak, B 8 hELkb
4t SOFC HLBUHR N 55%, NARIUE SOFC 7 & LK
RN SIEAT, SOFC LAEIRER Up RAE b £
Ao METHE A TARREZAFT, BORLRIH %
REAE T 0.75,

PEIA
75

70

D
=3

SOFCHLZE R /%
W
(=}

8 TIRRERMEIFAZEI SOFC BIEM
Fig. 8 Effect of operating temperature and
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Table 6 Optimum operating parameters
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FH I IKEELL 1.3:1
SR SR E/C 280
SOFC PRRLFIF 2 0.65~0.75
SOFC TAEEEEC 760
SOFC LA /1/bar 1.05
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