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Abstract - Using ammonia as fuel for solid oxide fuel (SOFC) cells has become an attractive topic nowa-
days due to its high efficiency, environmental friendliness, and ease of storage and transportation. Several con-
figurations of ammonia-fed SOFC systems have been proposed and investigated, demonstrating high electrical
efficiency. However, to further enhance efficiency, it is crucial to understand the inefficient components of the
system. The exergy concept is well-suited for this purpose, making exergetic analysis essential for ammo-
nia-fed SOFC systems. This study conducts an exergetic analysis for three selected systems: a simple fuel cell
system (FC), an anode off-gas recirculation system (RC-FC), and a recirculation system with water removal
(RC-WR-FC). The results reveal that the exergetic efficiencies of the FC, RC-FC, and RC-WR-FC are 48.7%,
51.6%, and 58.4%, respectively. In all three systems, the SOFC stack is the main source of exergy destruction.
However, other components with relatively low exergetic efficiency, such as the burner, air heat exchanger,
and cooler/condenser, offer greater opportunities for improvement.
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Fig. 1. NH;-fed SOFC system schematics.
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Table 1. Operating parameters for ammonia-fed
SOFC systems

Active cell area (m2) 0.1x0.1
Current density (A/m2) 3000
Anode inlet temperature (°C) 710
Cathode inlet temperature (°C) 710
SOEC Anode outlet temperature (°C) 790
Stack Cathode outlet temperature (°C) 790
Working temperature (°C) 750
Working pressure (bar) 1.0
Fuel utilization (-) [4] 0.7
Inverter efficiency (-) 0.92
Isentropic efficiency (-) 0.5
Blowers
Mechanical efficiency (-) 0.9
Heat Heat loss (%) 5.0
exchangers Maximum effectiveness (-) 0.9
Burner Max. outlet gas temperature (°C) 845
Surrounding Temperature (°C) 25
environment Pressure (bar) 1.0
NH3 fuel LHV (kJ/kg) 18,673
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Table 2. Results of exergy calculation for the sim-
ple system (FC)
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Table 3. Results of exergy calculation for the re-
circulation system (RC-FC)

Stream Physical exergy | Chemical Exergy | Total Exergy
kW) (kW) kW) Stream Physical exergy | Chemical Exergy | Total Exergy
(kW) kW) (kW)
S01 0.000 205.483 205.483
S02 0.165 205.483 205.648 S01 0.000 193.794 193.794
S03 9.834 205.483 215.317 S02 0.184 193.794 193.978
So4 20.239 36485 76724 S03 3.871 221.523 225.393
S05 7.647 56.485 64.133
S04 24.180 221.523 245.702
S21 0.000 0.714 0.714
S05 38.194 62.463 100.657
S22 1.159 0.714 1.873
S06 13.503 62.463 75.967
S23 69.255 0.714 69.969
$24 76.977 0.770 77747 S07 9.406 62.463 71.870
825 115510 1.238 116.748 508 4421 29.358 33779
S26 23.291 1.238 24.529 S09 4.788 29.358 34.146
S27 41.196 1.002 42.198 S10 4.985 33.106 38.091
S28 0.146 0.158 0.304 $21 0.000 1.084 1.084
540 0.000 0.158 0.158
S22 1.761 1.084 2.845
SOFC power (kW) 103.887
S23 105.204 1.084 106.288
Fuel blower (kW) 0.394
S24 118.870 1.115 119.985
Air blower 1 (kW) 3.137
Air blower 2 (kW) 0356 S25 137.571 1.200 138.771
Net power output (kW) 100.000 526 8.928 1200 10.128
S27 23.070 1.083 24.153
B
€= ) (fOf kr,/z component) 3) S28 0.035 0.038 0.072
Bk S29 0.000 12.830 12.830
B3 & yE A 2B A AFE Aol ash v} $30 0.159 12.830 12.989
A 2 Q3 A QAE AW 98] A"
§ T T aAT A fl8] geldH $40 0.000 0.038 0.038
ED . SOFC power (kW) 105.465
Y = : 3
Y By, Fuel blower (kW) 0.436
k
Air blower 1 (kW) 4236
io. 1. e _ -FC9] AA A= 2 Z}+
Fig. Leoll 1+Ehd RC-WR-F (]:“] 25 8 2 Air blower 2 (kW) 0.085
T3 8.4~9] exergy of product & exergy of fuel 2] Al
3k U] &2 Table 50 89F=|of 9lom T2 A|~H T Recirculation blower (kW) 0.708
o S A}sleh Bl Ao A AR = @ 2] ubx
12k ‘ITL]' li=s % ol A ol X 2] | 9t = Net power output (kW) 100.000
A E = AA A= gtk
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Table 4. Results of exergy calculation for the
recirculation with water removal sys-
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Table 5. Definitions of exergy of fuel and exergy
of product of each component and total

tem (RC-WR-FC) system
Physical exergy | Chemical Exergy | Total Exergy Component Exergy of fuel Exergy of product
Steam | gow) (kW) (kW) — .
SOFC E4(H+ Ezfiﬁ Espﬂf E[H"' Ezl.:H
S0l 0.000 171.200 171.200 -5 B = B Wsorc
S02 0.162 171.200 171.362 Fuel blower ; o
(FB) Win By B
S03 0.541 212.395 212.936
Recirculation W b
S04 18.393 212395 230.788 blower (RB) o v
S05 29.604 60.157 89.761 Air blower 1 Wam Eyy— Ey
S06 7.126 60.157 67.282 Air blower 2 Wi Ey— Ey
S07 0.283 59.564 59.847 . . . .
Fuel heat b B, P B,
exchanger .
S08 0.206 43.482 43.688
Air heat . . : :
S09 0.440 43.482 43.922 exchanger By B Eyy= By
S10 0.076 16.082 16.159 Condenser B E— Ey Ey— Ey
S21 0.000 0.996 0.996 Burner E]%H 4 Eg[— EQ(TH E217’H_ E'QJS’H_ E;}SH
S22 1.617 0.996 2.613 : B
Recirculatin; . A
mixer (Mixergl) Ev= Byt By £y
S23 96.611 0.996 97.607
Blue gas mixer . L
S24 108.973 1.028 110.001 (Mixer 2) Ey= Byt Ey— Ey;
S25 117.506 0.692 118.198 System E}” Weore
526 3177 0.692 3869 The subscripts represent stream number while the super-
S27 8.770 0.236 9.005 scripts, CH and PH, represent chemical exergy and physical
exergy, respectively; W' is the electric power
S28 0.029 0.031 0.060
S29 0.000 12.830 12.830
Iv. €t & 24
S30 2.154 12.830 14.984
s Ax Al ~Elo = 3dlo
$31 0.032 0.592 0.624 14 A3k FC A|2=519] exergy of fuel . ‘:’L‘_]
205.48 kW<l " AJ2dlo A Az 9] F v
$40 0.000 0.031 0.031 81.83 kWS & <= ¢l.o1 o]+= Table 69l 2255}
= ol E~VANR ol
SOFC power (kW) 104.874 o ol & HAA| =42 23.66 kWOl th. o171l A <}
MR\ 9] AT 9l Faahalof Bk A4 %) 9] 7}
Fuel blower (kW) 0385 R LR MCEEE R SR
Air blower 1 (kW) 3.89 A& oulsty 3 E AX A= o ofH x|
NE AEE 5 Tk B, 947 e A sdl
Al lower 2 &0 007 A% Wyl o2 BEEE AN Fols] £
Recirculation blower (kW) 0.528 7]’ %’—Zé% %8]'@] ZH %]"g‘?—_} ér 9)\14‘ O] /\],};E‘ﬂ oﬂ /\_] C—’]—l
MA EDAE A 2F e FEE AMA ] 11.51%E 2
Net power output (kW) 100.001

A AER A1, o= 7]= Aol A =l e vt 2
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Table 6. Results of exergy analysis for the sim-
ple system (FC)
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Table 7. Results of exergy analysis for the recir-
culation system (RC-FC)

E E
Exergy xerey Destruc- | Destruc- xerey
of K . . effi-
Component | of fuel product tion | tion ratio ciency
K K
(kW) (W) (kW) (%) %)

E D - B
Exergy xerey Destruc- e§truc Xergy
of . tion effi-
Component | of fuel product tion ratio ciency
(kW) (kW)
kW) (%) (%)

SOFC 14894 | 122.01 | 2693 3291 81.92

SOFC 159.03 | 133.15 | 25.88 29.97 83.72

Fuel blower | 0.39 0.16 0.23 0.28 41.85

Fuel blower 0.44 0.18 0.25 0.29 42.09

Air blower 1| 3.14 1.16 1.98 242 36.94

Air blower 2| 0.36 0.15 0.21 0.26 41.11

Fuel heat 12.59 9.67 2.92 3.57 76.79

Recirculation

0.71 0.37 0.34 0.39 51.85
blower

Air blower 1| 424 0.03 4.20 4.87 0.82

exchanger Air blower 2| 0.09 0.03 0.05 0.06 4091
Air heat 9022 6810 | 2412 2048 | 73.84 Fuel HEX | 24.69 | 20.31 4.38 5.07 82.26
exchanger

EXERGY DESTRUCTION

Mixer
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Burner

blower
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Fig. 2. Exergy destruction ratio in simple system
(FO)
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Air HEX 128.64 | 103.44 | 25.20 29.18 80.41

Cooler 4.10 0.16 3.94 4.56 3.88

Burner 32.06 18.05 14.01 16.22 56.30

Mixer 1 273 3.16

Mixer 2 5.37 6.22

System 193.79 | 100.00 | 86.36 100.0 51.60

EXERGY DESTRUCTION
Mixer 1 Mixer 2

Burner

Cooler

Air blower 2

Air HEX Fuel HEX

Fig. 3. Exergy destruction ratio in recirculation
system (RC-FC)
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Table 8. Results of exergy analysis for the recir-
culation with water removal system

(RC-WR-FC)
Exergy Exergy Destruc- De.?truc— Exer.gy
Component | of fuel pro(:ifuct tion rt:t)il(l) c;frflty
© awy | @ | @

SOFC 15221 | 128.45 23.76 36.23 84.39
Fuel blower 0.39 0.16 0.22 0.34 42.13
Reif;'ﬂ::ion 053 | 023 | 029 | 045 | 4422
Air blower 1| 3.89 1.62 227 347 41.56
Air blower 2| 0.07 0.03 0.04 0.06 41.38
Fuel HEX 22.48 17.85 4.63 7.06 79.42
Air HEX 114.33 94.99 19.34 29.48 83.09
Condenser 6.81 2.15 4.66 7.10 31.63
Burner 15.88 8.66 721 11.00 54.57

Mixer 1 2.35 3.58

Mixer 2 0.81 1.23
System 171.20 | 100.00 | 65.58 100.0 58.41

EXERGY DESTRUCTION
Mixer 1 Mixer 2
Burner

Condens SOFC

blower

Air HEX

Fuel HEX

Air blower 2

Fig. 4. Exergy destruction ratio in recirculation
with water removal system (RC-WR-FC)
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