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Electrochemical performance investigation of solid oxide fuel cell in micro-gas
turbine hybrid systems to determine optimum fuel utilization factor
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ARTICLE INFORMATION ABSTRACT

Original Research Paper The present study was undertaken to design and analyze three different configurations of SOFC (solid
Received 23 August 2016 oxide fuel cell) and MGT (micro-gas turbine) hybrid system. The first presented configuration is a
Accepted 06 November 2016 hybrid system with one fuel cell which is considered as a basic mode. Two other configurations are

Available Online 18 December 2016 considered with two fuel cells that are mounted upstream of the turbine in series and parallel forms. The

aim of the current study was thermodynamic analysis of designed hybrid systems and achieving the

ﬁi‘gﬁ‘;’ﬁ;;tem optimum fuel consumption factor for fuel cells that are used in hybrid systems. Therefore, other
Solid Oxide Fuel Cell performance parameters such as turbine inlet temperature, compressor pressure ratio and the number of
Micro-gas Turbine cells, which play an important role in implementation of SOFC and gas-turbine, were parametrically

Fuel Utilization Factor

analyzed and the obtained optimum values were used in analyses. In this regard, the parameters
System Performance

associated with electrochemical processes within cells are considered as a function of their chemical and
thermodynamic conditions, and their modeling code combined with the modeling code of micro gas
turbine cycle. The results of this study revealed that fuel utilization factor has direct impact on the
SOFC/MGT hybrid system performance. Also we demonstrate that the optimal fuel utilization factor for
basic mode hybrid system was 0.85, hybrid system with 2 series fuel cells were obtained 0.7 and 0.8
respectively and hybrid system with two parallel fuel cells were calculated to be 0.85(for both fuel
cells). Moreover, the SOFC/MGT hybrid system with two series fuel cells account for the highest
electrical efficiency (more than 48%) and was selected as the most efficient configuration.
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Fig. 1 Schematic of SOFC/MGT hybrid system
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Fig. 2 Schematic of SOFC/MGT hybrid system with two series fuel cells
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Fig. 3 Schematic of SOFC/MGT hybrid system with two parallel fuel cells
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Fig. 15 Variations of system electrical efficiency with second fuel cell
fuel utilization factor
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Table 4 Optimum parameters of fuel utilization factor in series mode
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Fig. 13 Variations of system electrical efficiency with second fuel cell
fuel utilization factor

£99 i S g by o o s (S0 yiSU 0331y i 13 YK

0.482 - - . T T T T
. ]
0481 —m—p =5 -
o —A—rp =7 k|
0.478 - -
S L . ]
o
§ 0476 L] -
£ - . ]
0.474 | / E
L ) ]
0.472 - -
L . ]
0.47 L 1 L 1 L 1 L
0.5 0.6 7 0.8 0.9

U
1
Fig. 14 Variations of system electrical efficiency with first fuel cell fuel
utilization factor

Jol Je S g Brae upd s g s (S0 2SU 003k s 14 S

CEg Bpas culpd Sk s (S ooil glaloges aige
Shoslite oS5 50 5o Slsd (nl (Kl Wlad,S 18 pw)p 9
93 a5 4) At ) 40959 sled g e JLid SO 50 Lo sk olass
58 &g, onl oBT el o ools (L5 16 S 9 15 JSi o (glS 1273
!B Jsaz 5o Tl 5 48,5 )3 sy 9590 5657 55 ,Lad o 50
e 8 Sl oojly Sl g, 5115 JSE b gillae el o
L oS 05800 onnlin ol a8F )i 33 sl Jo CEgm Spae ulps
S 033k 0.85 dige Jlade B pos Joo Cogm SBpan cupd Gl
Gl 035l e ol b st b Ol e 5 GR35 s
B ewor Syge Jsl U S g Sras oy Slsd ashl o il o
wolad 55 Lo Jges Sl yais g, Ss oo oanlie &5 jsbilan .ol 43,5

s 0.85 L ply Jol Sy g Bpae oo 0 5 olSs ol

308



Ve 9 G3lxw wxda) 0duw

Qg A9 b paae HgIS L (yusi i H 110959 )00 GMT )T Sl el )3 Sels ST B g iy (lesitg ISl 3 Shec () )

e S ygd -9
8 e i3y caps Dot
NEES N RO S5 A
o lailinl Loyl ys 8 w5ty E°
6)L,.,Jl;_9 ‘_g)}:l )loju Eact
Sl h
b JE 1
bz obs JBx L
o> obr JB L
oSl 1
ohy sloS s K
S g Sl 03] LHV
ez M
g s slw sl ( Jse gy M
las P
L5 Jusl @
M e Tp
)5 sogee ol Ry
ke T
‘—é)m oo u
Wy V
)ls W
SEsodn Sy S8yhn Jee s 2
Slg madle
el G oo ¥
e oo €
QL@..XJ) n
&z P
Culs O
Lwsiy)
lgn @
oybe b~ AC
il s 5ldy cal - act
g8 ) yeS  AC
w] o an
lale )u9 o8l conc
Ryl ca
3] alaima CC
S5 OYC
s by DC
ooyt €l
Sopsd elec

309

Silye S 5 g B pan o ane syl 5 Joua
Table 5 Optimum parameters of fuel utilization factor in parallel mode
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