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kts@inha.ac.kr Abstract >> Interests in fuel cell based power generation systems are on the

_ steady rise owing to various advantages such as high efficiency, ultra low emis-
Ei\fzzzd iéigl;jz’fgé; sion, and potential to achieve a very high efficiency by a synergistic combination
Accepted 28 February, 2017 with conventional heat engines. In this study, the performance of a hybrid system

which combined a molten carbonate fuel cell (MCFC) and an indirectly fired mi-
cro gas turbine adopting carbon dioxide capture technologies was predicted.
Commercialized 2.5 MW class MCFC system was used as the based system so
that the result of this study could reflect practicality. Three types of ambient pres-
sure hybrid systems were devised: one adopting post-combustion capture and
two adopting oxy-combustion capture. One of the oxy-combustion based system
is configured as a semi-closed type, while the other is an open cycle type. The
post-combustion based system exhibited higher net power output and efficiency
than the oxy-combustion based systems. However, the semi-closed system using
oxy-combustion has the advantage of capturing almost all carbon dioxide.

Key words : MCFC(Z-&EtA IR o1 B M X|), CO, capture(C|AH3ELA FEZ)), Post-combustion
capture(®1A -?E’é.'), oxy-combustion(£=AtA A A), semi-closed (g2 H|)

Nomenclature U + efficiency
h : molar specific enthalpy, kJ/kmol
o : activity HRU : heat recovery unit
F : faraday’s constant 1 : current, A
E : voltage, V J : current density, Am’
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LHV :low heating value, kJ/kg

m : mass flow rate, kg/s

n : molar flow rate, kmol/s

P : pressure, kPa

Q : heat transfer rate, kW

R : cell resistance, 2

R : gas constant, kJ/kg-K

T : temperature, K

W : power, kW
Subscripts

0 : standard condition

an : anode

aux. :auxiliary

ca : cathode

conv. :conversion
DC : direct current
FC : fuel cell

i : species index
in : inlet

misc : miscellaneous
n : nernst

NG  :natural gas

out : outlet
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Fig. 4. Configuration of the atmospheric pressure MCFC hy-
brid system
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Fig. 5. Configuration of the atmospheric pressure MCFC hy-
brid system adopting post-combustion capture technology
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Fig. 6. Configuration of the atmospheric pressure MCFC hy-
brid system adopting oxy-combustion capture technol-
ogy(open cycle)
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Table 1. Natural gas properties

Parameters

Compositions
Methane 0.8670
Ethane 0.0827
Propane 0.0381
i~Butane 0.0000
n-Butane 0.0111
i-Pentane 0.0000
n-Pentane 0.0004
Nitrogen 0.0008

Lower Heating Value [kl/kg] 49,158.4

Natural gas inlet temperature [°C] 15.0

Natural gas inlet pressure [kPa] 137.3

Table 2. Performance of the reference MCFC system

Parameters Ref. Model
Steam to carbon ratio’ 4.923 4.923
Air Fuel ratio 34.0 34.0
Cathode inlet temperature [°C] - 628.6
Fuel cell operating temperature [°C] - 648.5
Fuel utilization” - 0.68
Current density [A/m2] 948.0" | 948.0
Cell area [m2] - 1.991
Cell voltage [V] - 0.7396
System exhaust gas temperature [°C] 358+25 3253
System exhaust flow rate [kg/s] 4.865 4.865
HRU effectiveness - 0.5
Pressure losses [%] - 0.5~2.0
Inverter efficiency [%] - 95.0
Motor efficiency [%] - 99.5
MCFC Power [kW] 2500~2800| 2652
MCEC efficiency [%] 44.0~49.0 | 45.75
System net power [kW] - 2500
System efficiency [%] - 43.12

"Design parameter of hybrid systems
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Table 3. Performance of the MCFC hybrid system

Parameters Model
Pressure ratio 4.2
Compressor isentropic efficiency [%]* 83.0
Turbine isentropic efficiency [%]* 87.8
Mechanical efficiency [%]* 96.0
Generator efficiency [%]* 94.0
DPC efficiency [%]* 96.0
LTR effectiveness 0.5
HTR effectiveness 0.8
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Table 4. Performance of auxiliary components

Parameters Model
MEA processq)
Inlet gas temperature [°C] 40
Number of stage in absorber 10
Murphree efficiency in absorber 0.25
Number of stage in striper 6
Reflux ratio in striper 0.3
Reboiler temperature [°C] 120
Minimum DT in heat exchange [°C] 10
csu'
Each stage (approximately) pressure ratio 8.8
CO; compressor pressure [kPa] 15,000
Cooler outlet temperature [°C] 40
ASU'"
O, purity[%] 95
O, delivery pressure [kPa] 2,685
O, Specific power consumption [kWh/ton-O;] 245.0
Table 5. Consist of auxiliary power consumption
Systems ASU |CCS |Misc.
Conventional (Fig. 4) X X (6]
Post-comb. (Fig. 5) X (0] (6]
Oxy-comb. (Fig. 6) (6] (0] (6]
Semi-closed oxy-comb. (Fig. 7) (6] (0] (6]
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Table 6. Performance summary of various systems

Open tvpe Semi-
pen typ closed
Conven| Post-

tional | comb.

Oxy-comb.

CO; capture rate [%] - 95 95 100
CO; fraction in Cathode | 0.1172 | 0.1354 | 0.0985| 0.6156
Cell voltage [V] 0.7600| 0.7310 | 0.7451 | 0.8028
Current density [A/m2] | 802.7 | 991.3 | 928.1 | 875.9

FC power [kW] 2,307 | 2,741 | 2,615 | 2,659
GT power [kW] 2283 | 242.5 | 467.0 | 195.2
Gross power [kW] 2,536 | 2,983 | 3,082 | 2,855
Aux. power [kW] 25.64 | 170.1 | 684.5 | 615.3

ASU power [kW] - - 434.0 | 409.6

CCS power [kW] - 137.2 | 220.7 | 178.0

Misc. power [kW] 25.64 | 3291 | 29.79 | 27.72
Net power [kW] 2,510 | 2,813 | 2,398 | 2,239
NG fuel supply [kg/s] 0.0999 | 0.1233 | 0.1155 | 0.1090
Efficiency [%] 51.14 | 46.42 | 42.25 | 41.82

Compressor inlet flow [kg/s]| 4.010 | 4.010 | 4.010 | 4.010
Turbine inlet temp. [°C] | 753.2 | 769.2 |1,021.2| 742.3
Cathode inlet flow [kg/s]| 5.575 | 5.943 | 5.706 | 6.183
Cathode inlet temp. [°C] | 636.2 | 629.4 | 631.4 | 644.8
System exhaust
temperature [°C]

206.5 | 66.62 | 150.2 | 208.4

Fuel cell temp. [°C] 648.5 | 648.5 | 648.5 | 648.5
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