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Highlights

e  The performance analysis of a cathode-supported SOFC was conducted with exergy and energy analysis.
e  The power density and cell potential were calculated for different operating temperature.

e  The maximum exergy efficiency was determined as 66.93%.

e  The maximum thermal efficieny was calculated as 71.35%.
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ABSTRACT

In this research, the performance analysis of a cathode-supported solid oxide fuel cell (SOFC) with an active cell area
of 0.0834 m? and a cathode thickness of 750 um was carried out under three different operating temperatures (973 K,
1073 K and 1173 K). The power density and cell potential were calculated by determining the losses in the cell at 8
different current densities (1500 A/m? - 5000 A/m?) for each operating temperature. It was observed that ohmic losses
in SOFC have a lower effect on the cell potential compared to other losses. An increase of the operating temperature by
100 K resulted in a decrease in ohmic losses of 3.36x10°® V under constant current density (CD). In addition, the rise in
CD negatively affected all the losses in the cell and decreased the cell voltage. The exergy and energy analysis of SOFC
was carried out by calculating the thermal efficiency, exergy destruction, entropy production and exergy efficiency for
various operating parameters. An increment of 200 K in the operating temperature increased the thermal efficiency by
approximately 2 times at a CD of 5000 A/m2. Also, the minimum entropy production was obtained at an operating
temperature of 1173 K and a CD of 1500 A/m?. In this case, the entropy production was calculated as 2.63 kW/K,
resulting in a maximum exergy efficiency of 66.93%.

Keywords: SOFC, Cell potential, Performance analysis, Entropy production, Exergy efficiency, Thermal efficiency

21


https://dergipark.org.tr/en/pub/ijes

Int J Energy Studies 2024; 9(1): 21-42

1. INTRODUCTION

Growing environmental problems and the inefficient use of energy resources are a crucial
challenge for humanity at present. Therefore, the development of sustainable, efficient and
clean technologies is critical to increase environmental sustainability and better utilization of
energy. These technological solutions not only aim to protect nature by reducing environmental
impacts, but also serve the goal of creating a sustainable world for future generations by using
energy resources more efficiently. The development and adoption of clean, sustainable and
effective technologies are an important initial step in the reduction of environmental problems
on a global scale [1]. One of the most effective instruments in the transition to this process is
fuel cells. The fuel cell is a type of electrochemical apparatus that directly produces electrical
energy from the chemical energy of an oxidizing agent and a fuel. Fuel cells offer several
advantages over technologies based on conventional combustion, including higher efficiency,
lower or zero emissions, and the ability to use a wide range of fuels [2]. An electrolyte, a cathode
and an anode are the three fundamental parts of a fuel cell. The most common types of fuel cells
use hydrogen [3,4] as the fuel, although other fuels like methanol [5], ethanol [6] and carbon
fuels [7] can also be utilized in various types of fuel cells. One type of fuel cell that uses solid
ceramic material as the electrolyte is the solid oxide fuel cell (SOFC). The SOFC’s basic
working principle of involves the electrochemical reaction between oxygen ions and fuel ions
across the solid electrolyte. The solid oxide electrolyte allows the cell to work at high
temperatures (600-1000°C) [8]. This high operating temperature range is a characteristic feature
of SOFCs. It also provides advantages such as high electrical efficiency, flexibility to be used
with many different fuels [9-11] and the ability to capture and utilize waste heat, making
SOFCs suitable for combined heat and power applications [12,13]. However, managing the
high operating temperatures and ensuring long-term durability of materials are challenges
associated with SOFC technology [14]. Nevertheless, there have been many recent studies to
overcome these challenges [15-17]. As mentioned, researchers are endeavoring to investigate
both hydrogen and alternative materials and fuels to achieve high efficiency [7,18-22]. The
most commonly used of these fuels is hydrogen for SOFCs. The utilization of hydrogen in
SOFCs shows potential for high efficiency and performance, but it also requires addressing
challenges related to cost, fuel availability, and the development of alternative hydrogen
carriers. Ongoing research and testing are focused on optimizing the utilization of hydrogen in
SOFCs to maximize their potential as a clean and efficient energy technology. An investigation
was conducted into the impact of anodic gas recirculation on the a hydrogen-fueled SOFC

system’s performance with the goal of optimizing this technology for use in renewable energy
22



Int J Energy Studies 2024; 9(1): 21-42

storage [23]. The numerical simulation results showed that a layout with more than 80% anode
gas recirculation achieved higher electrical efficiency (about 68.0%) with low flue gas fuel
utilization. In addition, the fact that the high heating value (HHV) of hydrogen can reach up to
141.9 MJ shows that more energy value is released than the energy value obtained with the use
of other fossil fuels other than nuclear energy [24]. When the literature is examined, it is stated
that a system efficiency of approximately 49.0% is achieved in SOFCs operated with hydrogen
[25]. In studies [26,27] comparing SOFC systems using hydrogen and methane fuels, it was
observed that when pure hydrogen was used, the efficiency values of the system could be up to
49.0% and 44.4%, respectively, depending on the lower heating value of hydrogen.
Furthermore, some studies were carried out to assess the capacity of SOFCs using biogas. Jia
et al. [28] reported that the net efficiency of a SOFC system powered by biogas feeding was
calculated to be about 28.0-29.0%. In a study by Papurello et al. [29] it was concluded that a
SOFC plant supplied with biogas from organic wastes can achieve an electrical efficiency of
about 34.0% at a usage factor of about 55.0%. In a research performed to determine the
electrical efficiency of a SOFC plant using biogas from wastewater treatment plants, it was
stated that the electrical efficiency of the plant reached approximately 41.0% at a usage factor
of 65.0% [30]. It was also observed that the electrical efficiency of a SOFC plant using methanol
as fuel was calculated to be approximately 55% [31]. In a study [32], the electrical efficiency
of a plant using di methyl ether and methanol fuels was reported to be about 50%. In another
SOFC plant using bioethanol, electrical efficiency was found to be as high as 53% [33]. In
addition to the performance analyzes on SOFC efficiencies according to different fuel usage,
energy and exergy analyzes were also conducted on SOFC systems to determine their usability
depending on these efficiencies. Baniasadi and Dincer [34] evaluated the exergy and energy
analysis of a combined heat and power system using an ammonia-fed SOFC with heat recovery
option. When heat recovery is considered, the exergy efficiency of the system changed in the
range of 60-90% while the energy efficiency was calculated at 40-60%. Since the optimum
operating conditions could not be fully determined in a study [35] considering the energy
analysis of a hybrid system including SOFC, energy and exergy analyses of this hybrid system
were conducted to assess the load flexibility of this hybrid fuel cell system and to determine the
operating conditions that will ensure stable operation of the system. In this study, it is stated
that the proposed system shows good performance for power variation up to about 60% normal
load distribution. In order to prevent external heat and reach a longer discharge duration, a
power variation of 50%, a gas turbine pressure ratio of 2 and a charge ratio of 0.9 were obtained.

However, a discharge duration close to the charging duration could not be obtained in this study.
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There have also been some studies on the biomass gasification approach as a method for
hydrogen production for clean environment. In one of these studies [36], the proposed system
with SOFC for hydrogen production was analyzed for energy and exergy using the first and
second law of thermodynamics. It was reported that a 16.68% improvement in thermal
efficiency and a net power output of up to 8.0 MW was achieved with this proposed system.

In the studies in the literature, the performances of SOFCs have been investigated using
different fuels. In addition, thermodynamic analyses were performed in combined power
systems with these fuel cells and efficiency values were obtained. However, it is seen that these
thermodynamic approaches are not reported in the studies conducted for performance analysis
in the literature. In this research, the performance of the SOFC was evaluated under three

different operating temperatures supported by energy and exergy analysis thermodynamically.

2. MATERIAL AND METHOD

A SOFC operating at high temperatures consists of three basic materials: anode, cathode and
electrolyte, as shown in Figure 1. Similar to other fuel cells, the principle of operation in SOFC
is the production of electricity as a result of electrochemical reactions between oxygen and fuel.
The electrochemical processes result in the release of the fuel's electrons at the anode. Oxygen
ions dissociate at the cathode and move through the electrolyte towards the anode, reacting with
the fuel molecules. As a result of this reaction, oxygen combined with electrons forms

byproducts and completes the energy generation.

Oxygen

Hydrogen

@ Electron

!

Cathode | Electrolyte Anode

Figure 1. The SOFC’s basic structure and working principle
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When hydrogen reacts with oxygen in the anode and cathode regions of the fuel cell, water is
formed. The released energy during this reaction leads to the generation of electricity at the

electrodes. Reactions at the anode and cathode electrode:

H, » 2H" + 2e~ (1)
1/20, +2e~ - 0%~ (2)
H,+1/20, - H,0 + heat + electricity 3

Activation losses (1,4.:), concentration 10sses (9.onc) and ohmic losses (1,nmic) are realized
at the anode and cathode during energy production in SOFC. The cell voltage/potential is
obtained by subtracting all losses in the cell from the equilibrium potential (E) of the cell. The
calculation of the cell voltage (V) is quite important because this value represents the fuel cell’s

performance.

V =E —Nact — Nconc — Nohmic (4)

The equilibrium potential (E) is defined as the equilibrium state of the reactions in the system.
This potential changes depending on the pressure of hydrogen, oxygen and water
(Py,, Po, and Py, o) apart from the universal gas constant (R) and Faraday's constant (F). The
reversible potential (Eo) given in Equation 6 is used to calculate the equilibrium potential [37].

The reversible potential is only affected by temperature (T).

1/2
E=Ey+LIn (M) (5)
2F Ph,0
Eo = 1.253 — 2451 x 10~ T (6)

The activation loss in SOFC is calculated from Equation 7 with the help of Butler-VVolmer

equation. The activation loss (n4.¢), is determined by using the operating temperature (T) and

exchange current density (Jo) except for the constant parameters (R, F) [38]. There is a

correlation between current density (J) and exchange current density (Jo). In this study, the

electron number (z) and symmetric factor () are assumed to be 2 and 0.5, respectively [39].
25



Int J Energy Studies 2024; 9(1): 21-42

F ac 1- F ac
J = Jo [exp (F2t) — exp(—ect)] (7)
RT . , _ ]
Macti = 5 Sinh™ (Tm) (8)
i=acC

As shown in the equations below, the exchange current density (Jo) is calculated depending on
the pressure (P) of the gases at the cathode and anode, except for the fixed parameters such as

electrode porosity (n), pore diameter (D) and grain size (Ds) given in Tables 1 and 2 [39].

_ 72><[Dp—(Dp+Ds)n]n (PHZ) (PHZO) __Eacta
Joa = ka Ds?Dp%(1-V1-X2) % Pref % Pref Xexp( RT) ®)

72X[Dp—(Dp+Ds)n|n

— k % (POZ)O.ZS % (_ Eact,c) (10)
Joe = ke Ds?Dp?(1-V1-a?) Pref €Xp RT

The concentration losses (17.onc) IN SOFC are calculated in two different ways: at the anode
and at the cathode. The concentration loss, causing energy loss, occurs in the process of
diffusion of gases at the electrode. Fick's law of diffusion is used to calculate these losses. Fick's
law describes how gases move along the electrode surface. The concentration losses at the

anode and cathode are determined by the following equations [37,40,41]:

14— RTta]
_ RT 1 ZFDfoP?-IzO H
Nconc,a = 2F n Pm ( )
2FDfoP?.12
RT 1
= —In [ ] ’
Neone,e = 35 1-J/JL0, ()
2FDEIT
]L;OZ = RTCtC poz (13)
1 1 !
. i( . ) (14)
D¢ n \Dy,-H,0 Dhy ke

26



Int J Energy Studies 2024; 9(1): 21-42

1 i3 1 1
77 = 2o * 7o) 19

Do,-nN, Do,k

In a SOFC, ohmic losses (n,nmic) affected by operating temperature (T), current density (J)

and electrolyte thickness (te) are calculated as given in Equation 16 [42].

— 10300
Nonmic = 2.99 X 10711, J.t, .exp (*22) (16)

Table 1. Inlet operating conditions [39]

Items Values Unit
Anode activation energy, Egc; q 1.344 x 10% [J/mol]
Cathode activation energy, Eg¢¢ 2.051 x 10° [J/mol]
Temperature of operation, T 973 -1173 [K]
Pressure of operation, P 1 [bar]
Faraday constant, F 96485 [C/mol]
Universal gas constant, R 8.3145 [J/mol K]

Table 2. SOFC system design parameters [39-43]

Items Values Unit
Active cell area, A 0.0834 [m?]
Anode thickness, t, 100 [um]
Cathode thickness, t, 750 [wm]
Electrolyte thickness, t, 100 [um]
Average pore radius, D,, 2 [um]
Average grain size, Dg 15 [um]
Anode’s porosity, n 0.48 —

Anode’s tortuosity, & 5.4 —

Average grain contact length, X 0.7 —

The mass balance in the control volume of a SOFC is described by considering the movement
of reactants and products in the cell. While hydrogen and oxygen enter the control volume,

water and oxygen exit (Figure 2).
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Solid
Oxide
Fuel Cell (7out0,=Mn0, + E

Nout,H,0=NinH,0 T Z

Figure 2. The control volume for the SOFC

The mass balance of reactants and products in the control volume of SOFC is given in the

following equations [44]:

Nout,Hy=Nin,H, — Z 17)
Nout, Hy0=TinH,0 T Z (18)
hout,02=flin,02 + g (19)
Nout,N,=TinN, (20)

The number of moles of hydrogen entering through the anode electrode in SOFC is denoted as

Z . This value is calculated by multiplying the fuel utilization factor (Ur) and the molar flow rate

() [44].
zZ = Ufflin,Hz (21)

The molar flow rate of oxygen is determined by the ratio of the number of moles to the fuel

utilization factor as given in Equation 22 [44].

Mino, = 35 (22)
The thermal efficiency in SOFC is calculated as the ratio between the available energy (W)

and the energy of the fuel used (F;,,).
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114
Nthermal = F;C (23)

The energy balance in a fuel cell is expressed as follows [45,46].

Q_WZZihiEi_ZeneEe (24)

Exergy is defined thermodynamically as the potential of a system to convert its internal energy
into work that it can do for its environment. Exergy measures internal energy in terms of its
capacity to do work and assesses the regularity and energy quality of the system. The exergy in
a fuel cell includes the thermal, mechanical and chemical energy components of the system and
determines the efficiency of the energy conversion process by reflecting the potential to
efficiently convert these forms of energy into useful work. The system’s exergy is obtained by
summing the physical and chemical exergy (Equation 25) [47]. The exergy of SOFC varies

depending on enthalpy and entropy according to the determined operating temperature.

Ex = ExP" + Exh )
ExPh = Yy (R — ho) — Ty (5; — 5) (26)
Ex" = n(3;yiex;™® + RTo X y; Iny;) 7

Exergy destruction is a term that refers to the loss of useful work in a fuel cell. Exergy
destruction usually occurs due to energy losses from friction, heat transfer and irreversible
processes in the cycle. Lower exergy destruction means higher efficiency of energy conversion.

Entropy production and exergy destruction are calculated from the following equations:

AEX g5 = (EXp, + Exy,) — (P + EXour, 0, + EXout, 1,0) (28)

AS = “EXdest (29)

To
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As given in Equation 30, exergy efficiency is described as the proportion of system’s available
energy to the input exergy. Exergy efficiency includes the amount of losses, i.e. higher exergy
efficiency means that energy is used more efficiently with less losses [47].

w
Nexergy = Klz x 100 (30)

3. RESULTS AND DISCUSSION

The objective of this research is to examine the performance of a SOFC via a pore diameter of
2 um at operating temperatures of 973 K, 1073 K and 1173 K. In the scope of the study, the
activation, concentration and ohmic losses affecting the SOFC performance were determined
and the voltage of the cell was calculated at different operating conditions. Power density,
exergy destruction, entropy production, thermal and exergy efficiency were also determined.
The influence of CD and temperature variation on concentration and ohmic losses in SOFC is
given in Figures 3 and 4. The concentration losses in the cell tend to rise with increasing
temperature. The limit CD is the main factor in determining the concentration losses.
Decreasing the operating temperature increases the limit CD. The limit CD at the cathode
increased by 15.81% as the temperature decreased from 1073 K to 973 K. The concentration
losses at 1173 K and 973 K operating temperatures were 0.0081 V and 0.0049 V, respectively,
at constant CD condition in SOFC. Each 100 K increase in the temperature of the cell increased
the concentration losses by 24.91% on average under constant conditions. The activation loss
in the cell was calculated as 0.00445 V at a CD of 3500 A/m? and 1073 K operating temperature.
In addition, the concentration loss also showed an increase with rising CD. The variation of the
CD from 2000 A/m? to 4000 A/m? at the same operating temperature increased the
concentration loss in the cell by 99.35%. Ni et al. [39] designed a model to analyze the
performance of a SOFC. According to the data obtained, the increase in operating temperature
negatively affected the concentration loss. Under constant current density, the concentration

loss increased from 0.13 V at 873 K operating temperature to 0.2 V at 1273 K.

Ohmic losses occurring during the operation of the SOFC have a lower magnitude compared to
other types of losses. However, a detailed study of all loss mechanisms is an important
requirement to determine the most effective operating conditions of SOFC. Ohmic losses occur
due to resistance during the conduction of electric current and are often less obvious compared

to other types of losses. The thickness of electrolyte, CD and cell temperature are the main
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effective parameters in the determination of ohmic losses. The ohmic losses are 5.32x107 V
and 8.75x107 V at operating temperatures of 973 K and 1173 K, respectively at a CD of 4500
A/m?. The ohmic losses increased by 83.55% with a decrease in temperature by 200 K at
constant CD. Heidarshenas et al. [48] investigated the performance of a SOFC by exergy and
energy analysis. The results showed that increasing the operating temperature significantly
decreased the ohmic losses. The ohmic losses for operating temperatures of 800°C and 1100°C

were 0.25 V and 0.04 V, respectively, at an operating pressure of 3 bar.
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Figure 3. The concentration cell loss at various operating temperatures in a SOFC
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Figure 4. The ohmic cell loss at various operating temperatures in a SOFC
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The increasing voltage values of the SOFC with respect to temperature are mainly due to
electrochemical reactions are strongly related to temperature. High temperatures increase the
rate of electrochemical reactions between the anode and cathode, allowing the transport of
electrons and ions. The combination of these factors provides the high cell potential and
maximum power density of SOFC. Power density refers to the amount of electrical energy

generated depending on the surface area in the cell.

The variation of cell potential and power density with respect to temperature is seen in Figure
5 and Figure 6, respectively. If the CD is kept constant when the temperature is rose from 973
K to 1073 K, there is an increase of 35.04% in the cell potential and power density. Also, at a
constant temperature, while the cell voltage is 0.9690 V at a CD of 2000 A/m?, this value
decreases to 0.8197 V at a CD of 4500 A/m?. The cell voltage is 0.64 V and the power density
is 1927.17 W/m? at a CD of 3500 A/m? and 973 K operating temperature. Moreover, the
maximum power density is calculated as 1587.67 W/m? at 1173 K operating temperature. Ni et
al. [39] analyzed the performance of SOFC fuel cell at four different temperatures: 873 K, 973
K, 1073 K and 1273 K. As the temperature of the cell decreased, the cell potential also
decreased. Under constant current density, the cell voltage was 0.08 V at 873 K operating
temperature and 0.7 V at 1073 K operating temperature. The power density also showed a
similar trend with the cell potential. The maximum power density was determined as 1.5 W/cm?

at 1273 K operating temperature.
Ran et al. [49] analyzed the performance of a SOFC fuel cell hybrid system. The cell potential

decreased with increasing CD. For current densities of 4800 A/m? and 5500 A/m?, the cell

potential became 0.65 V and 0.61 V, respectively.
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Figure 5. The cell potential at various operating temperatures in a SOFC
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Figure 6. The power density at various operating temperatures in a SOFC

The exergy loss and entropy production in a SOFC are thermodynamically defined as energy

losses and increase in irregularity in the system. The exergy destruction in SOFC includes losses

due to heat transfer, internal resistances and chemical reactions that occur during the energy
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utilization processes in the cell. Entropy production indicates the irregularity of the system and

the more complex distribution of energy as a result of these processes.

Figures 7 and 8 show the effect of various operating temperatures on exergy destruction and
entropy production. The amount of exergy destruction and entropy production decreased with
increasing temperature in the cell. The max. exergy destruction and entropy production in
SOFC were observed at 973 K, which is the lowest operating temperature. Under constant CD,
these values are 1147.01 kW and 3.85 kW/K, respectively. If the temperature of operation is
rose from 973 K to 1173 K while the CD is kept constant, the SOFC’s exergy destruction
decreases by 38.15%. The calculated exergy destruction is 3944.39 kW and entropy production
is 13.24 KW/K at a CD of 5000 A/m? and 1073 K operating temperature. Heidarshenas et al.
[48] investigated the performance of a system integrated with SOFC fuel cell by
thermodynamic analysis. The increase of the operating temperature and pressure up to the
optimum point had a positive effect on the power of the SOFC and caused a decrease in the

exergy destruction. The exergy destruction of the SOFC was calculated as 0.32 kW.
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Figure 7. The exergy destruction at various operating temperatures in a SOFC
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Figure 8. The entropy production at various operating temperatures in a SOFC

In a SOFC, thermal and exergy efficiencies refer to the thermodynamic measurement of
performance. The effect of operating temperature on thermal and exergy efficiencies is
demonstrated in Table 3. The thermal efficiency shows the capacity of the cell to convert heat
energy into electrical energy. Thermal efficiency varies depending on the potential of the cell
and hence the power density. The exergy efficiency includes factors related to exergy losses
and irregularities in the cell and evaluates the energy conversion process efficiency of the cell.
These two efficiencies are very important to understand and optimize the efficiency of energy
conversion for SOFC. The maximum efficiency in the system indicates that the cell operates

more effectively and utilizes energy resources more efficiently.

The thermal and exergy efficiency increased in direct proportion to the increase in operating
temperature in SOFC. The maximum thermal and exergy efficiencies were calculated at a
temperature of 1173 K and a CD of 1500 A/m? . These efficiency values are 71.34% and 66.93%
respectively. The thermal efficiency is 60.97% and the exergy efficiency is 57.14% at a CD of
3000 A/m? and an operating temperature of 1073 K. Yang et al. [50] conducted an exergy and
exergoeconomic analysis of a SOFC system. As the operating temperature higher, the exergy
efficiency increased up to the optimum point. At 750°C and 850°C, the exergy efficiencies were

35



Int J Energy Studies 2024; 9(1): 21-42

35.4% and 38.7%, respectively. The maximum exergy efficiency of SOFC was calculated as

40% at 950°C operating temperature.

The thermal efficiency and exergy efficiency were negatively affected by 12.39% and 11.62%,
respectively, by tripling the CD at constant temperature. Zhang et al. [51] conducted
computations to understand the effect of various operating parameters such as current density,
temperature, electrode porosity and thickness on the performance of SOFC. With in the scope
of the results obtained, it was seen that the increase in current density caused a decrease in
energy efficiency. A 50% increase in CD of decreased the energy yield by approximately 15%

compared to the initial case.

Table 3. The thermal and exergy efficiency at different operating temperatures in a SOFC

Current Thermal Efficiency (%0) Exergy Efficiency (%)

Density

(A/m?) 1173K | 1073K | 973K | 1173K | 1073K | 973K
1500 71.35 67.66 55.28 66.93 63.40 51.75
2000 70.38 65.32 50.66 66.03 61.21 47.42
2500 69.42 63.10 46.72 65.13 59.12 43.74
3000 68.47 60.98 43.30 64.23 57.14 40.53
3500 67.53 58.97 40.28 63.35 55.26 37.71
4000 66.59 57.07 37.58 62.47 53.47 35.18
4500 65.67 55.26 35.14 61.61 51.78 32.89
5000 64.76 53.55 32.91 60.75 50.17 30.81

4. CONCLUSIONS

In this study, the effects of three various operating temperatures (973 K, 1073 K and 1173 K)
were investigated by detailed calculations to assess the performance of a cathode supported
SOFC. The SOFC model analyzed has a cathode thickness of 750 um, a pore diameter of 2 pm
and an active cell area of 0.0834 m2. Firstly, the losses occurring in the cell were calculated to
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determine the cell potential. While activation and ohmic losses decreased with increasing
temperature, concentration losses increased as can be seen in Figure 3. Therefore, it is very
important to choose the appropriate temperature in SOFC. The cell voltage and power density
of the SOFC were calculated as 0.87 V and 3061.87 W/m?, respectively, at a CD of 3500 A/m?
and an operating temperature of 1073 K. It was observed that an increment of 100 K in the
operating temperature increased the power density by up to 1.62 times at constant CD. The
exergy destruction, entropy production, thermal and exergy efficiencies were calculated by
performing energy and exergy analysis. Table 3 shows the effect of various operating
temperatures on thermal efficiency and exergy efficiency. It can be clearly seen from the table
that the thermal efficiency increases with increasing temperature. At the same current density
condition, the thermal efficiency at 973 K operating temperature was 46.72%, while at 1173 K
the thermal efficiency was 69.42%. According to the obtained results, it can be seen that the
maximum exergy efficiency depends on the min. exergy destruction in SOFC. Figure 7 shows
the exergy destruction due to current density at various temperatures. As the operating
temperature decreases, the exergy loss increases. The main reason for this is the high cell losses
at low operating temperatures. At an operating temperature of 1173 K and a current density of
2500 A/m?, the minimum exergy loss in the fuel cell was 1378.68 kW. The exergy efficiency

calculated using this exergy destruction was determined as 65.13%.
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