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Abstract: The new coronavirus (COVID-19) has started spreading all over the world. Every infected is fighting 

to recover a little and every health worker is fighting to save a single life in this pandemic. There is no place for 

patients to stay in the hospital, health workers are given all possible services to save their lives. In this situation, 

uninterrupted power system is needed, which can be supplied by solid oxide fuel cells (SOFCs). Therefore, solid 

oxide fuel cells (SOFCs) are becoming attractive day by day with competing environmentally friendly energy 

sources due to high energy efficiency, low emission rate and comparatively low operating cost. The purpose of 

this work is to investigate how copper-doped perovskite electrode materials impact the performance of solid 

oxide fuel cells (SOFCs) to overcome such crucial times successfully. Different synthesis process of Cu-based 

electrodes and analyzing electrochemical properties were investigated in this work. The evaluation was 

performed in terms of synthesis process, sintering temperature, lattice type and parameters, electrical 

conductivity, thermal expansion coefficients (TEC), polarization resistance, activation energy, and power 

density. In order to provide additional energy during this pandemic COVID-19, low-cost, highly performed, and 

durable materials are needed to make SOFC. 

 

Keywords: COVID-19, Coronavirus, Solid Oxide Fuel Cell (SOFC), Perovskite, Cu-doped materials. 

Solid Oxide Fuel Cell (SOFC); A New Approach of Energy 

Generation during the Pandemic COVID-19 
 

Shammya Afroze1*, Md Sumon Reza1, Quentin Cheok1, Juntakan Taweekun2, 

Abul K. Azad1 

 
1Faculty of Integrated Technologies, 

Universiti Brunei Darussalam, JalanTunku Link, Gadong, BE 1410, BRUNEI DARUSSALAM 

 
2Department of Mechanical Engineering, Faculty of Engineering, 

Prince of Songkla University, HatYai, Songkla, 90112, THAILAND 

 

*Corresponding Author 

 

DOI: https://doi.org/10.30880/ijie.2020.12.05.030 

Received 00 Month 2000; Accepted 01 Month 2000; Available online 02 Month 2000 
 

 
 

1. Introduction 

In December 2019, the world faced with an unknown virus, the outbreak of which was in the city of Wuhan, China 

[1]. This mysterious virus is a new coronavirus which is caused due to severe desperate respiratory syndrome 

coronavirus 2 (SARS-CoV-2) with a pneumonia outbreak [2]. This deadly acute respiratory syndrome has been 

described by the World Health Organization (WHO) as the coronavirus 2019 (COVID-19) [3]. The virus has spread 

speedily in China at an increasing rate, and at one time, it spread to different parts of the world [4]. It can be said that 

now the whole world is affected by COVID-19. When this virus firs started spreading from human to human, a large 

number of patients were admitted into the hospital with a symptom of pneumonia feeling severe breathing absence 

resulting in acute respiratory failure and other serious impediments causing a lot of deaths [5]. WHO declares COVID- 

19 as a pandemic on March 11 [6]. According to May 26, 2020, 5,609,999 patients have affected due to COVID-19 in 

215 countries in the world, and the number of deaths is 348,253 worldwide 

(https://www.worldometers.info/coronavirus/).

http://penerbit.uthm.edu.my/ojs/index.php/ijie
mailto:17h0251@ubd.edu.bn
https://www.sciencedirect.com/topics/medicine-and-dentistry/coronavirinae
https://www.sciencedirect.com/topics/medicine-and-dentistry/sars-coronavirus
https://www.sciencedirect.com/topics/medicine-and-dentistry/sars-coronavirus
http://www.worldometers.info/coronavirus/)
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Fig. 1 – Protection and prevention from COVID-19 

 

Table 1 - The five types of fuel cell devices and their respective parameters 

 
Categories Proton 

exchange 

membrane fuel 

cell 

Molten 

carbonate 

fuel cell 

Phosphoric 

acid fuel cell 

Solid oxide fuel 

cell 

Alkaline fuel cell 

Electrolyte Ion exchange 

membrane 

Alkali 

carbonates 
mixture 

Phosphoric 

acid 

Yttria-stabilized 

zirconia 

An aqueous solution 

of KOH soaked in a 
matrix 

Operating 

temperature 

80 °C 650 °C 200 °C 500 ° -1000 °C 90 °-100 °C 

Charge carrier H+ 
= 

CO3 H+ O OH-
 

Electrolyte 

state 

Solid Liquid Liquid Solid Alkaline 

Catalyst Platinum Nickel Platinum Ceramic Nickel 

Fuel Hydrogen Natural gas, 

biogas, others 

Natural gas Natural gas Hydrogen 

Advantages Load following 

& 

low temperature 

High 

efficiency, 

scalable, fuel- 

flexible & 

CHP 

Cogeneration

‐  combined 

heat and 

power (CHP) 

High efficiency, 

load following 

CHP 

Use of low-cost 

materials, high 

performance due to 

alkaline electrolyte 

Efficiency (%) 60 50-60 40-45 50-60 60 

Power density 

(mW/m2) 

380 – 650 150 – 260 80 –190 100 –2000 80 – 100 

 
This novel coronavirus is belonging to the family Coronaviridae (order Nidovirales) in the group of novel beta 

RNA coronavirus (size, 60-140 nm diameters) [7] causing cold, fever, with mild upper respiratory infections in the 

human body and few along with gastrointestinal symptoms (diarrhoea, vomiting, abdominal pain) [8],[9],[10]. At this 

time, the health workers cross the course through a terrible nightmare as they are trying to rescue the lives of every 

human being. Though there is no proven medicine or vaccine is invented yet and nobody knows when it will come [11]. 

Also, it spreads through human-to-human conduction, especially its nosogenic nature forces people to keep themselves 

isolated and maintain social distancing at 14 days [12],[13]. Protection and prevention are the only way to lessening the 

amounts of COVID-19 patients by wearing a face mask, using hand sanitizer, and maintaining physical distance [14] 

(Figure 1). Every day the rate of the amount of death is increasing as well as the number of patients. Hospitals, 

healthcare centers are struggling to cope with this colossal number of patients as every patient needs an artificial 

ventilator. They need an external power supply for maintaining the whole respiratory system with other electronic 

appliances to active all the time round the clock. 

https://www.sciencedirect.com/topics/medicine-and-dentistry/upper-respiratory-tract-infection
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This is a critical time to prioritize the supply of highly efficient and powerful energy to meet this additional 

demand [15]. The fuel cells can be the most suitable sources of renewable energy that can provide the extra power to 

mitigate the energy overflow. SOFC is one of the cleanest technologies for the hydrogen economy in next-generation 

with zero combustion [16]. The generation of electricity from directly converting the chemical energy that is stored as 

fuels into electrical energy is the main principle of a fuel cell. CH4, H2, methanol and light hydrocarbons are used as 

fuels in fuel cells [10]. In fuel cells, mechanical frictional losses are absent in the erosion process, which reduces 

emissions into the environment as well as increases fuel conversion efficacy, which is a great advantage of using fuel 

cells [19],[20]. Different types of fuel cells have been found so far, each of which has different qualities. Five major 

types of fuel cells with their advantages are tabulated in Table 1 [21]. 
Among all types of the fuel cells, SOFC gives relatively very high efficiency, fuel flexibility (CH4, H2, biogas) 

[7] and very low emissions as it is an alternate of energy sources, for instance, solar cells, wind energy, etc. [22],[23]. 

SOFC offers more than 60% efficiency with a clean environment [24]. Therefore, it can be used as one of the best 

sustainable energy sources. SOFC can be used as one of the best sustainable energy sources with an extensive power 

generation system. This device needs more useful materials for making it more usable. 

Materials made with doped-copper have shown to be highly effective for SOFC. Copper-based perovskite 

materials have recently been used to produce electrode components in SOFCs. Excellent efficiency in reduced 

environments makes the Cu-doped electrode very auspicious. It exhibits very high electrochemical performance at low 

operating temperatures. The strategies of improving the performance of SOFCs with doped copper materials are also 

discussed herewith in this article. The use of SOFC to meet this excess energy needs at this critical time is unavoidable. 

To make it more efficient and accessible to all, we need to use a material that is cheap, easy-going, and performs 

excellently. Among them, Cu-doped content is incomparable. 

 

2. Solid Oxide Fuel Cells (SOFCs) 

Solid oxide fuel cell is now an attractive potential option due to its promised benefits in helping to keep people 

away from environmental pollution and providing clean and efficient power supply. SOFC is used as a highly-skilled 

energy conversion device that directly converts chemical energy to electrical energy by numerous electrochemical 

reactions [25],[26] from various gaseous fuels (H2, hydrocarbon, CH4, CO, biogas, etc.) with a very low emission in the 

environment. [27] SOFC can be forbearing to carbon monoxide (CO) that can be oxidized to carbon dioxide (CO2) 

[28]. By internal or external steam reforming, hydrogen gas can be formed from natural gas production. Research has 

stated that it is possible for any SOFC to burns dry hydrocarbon directly [29]. It can produce electricity around 100 kW 

which is greater than any other fuel cell. Owing to high operating temperatures, it has to face some limitations like high 

costs, slow start-up time, high degradation rates etc. SOFC is exceptionally well suited for power plants to provide a 

continuous stream of energy to the industry as well as to a whole city [30]. Currently, the performance of SOFC is 

improving year after year, thanks to advances in technology to develop SOFC materials, for example, SOFC can now 

easily be operated at high temperatures, typically 500-1000 °C [31]. 

 

Fig. 2 - Schematic diagram of solid oxide fuel cell [32] 

 

Generally, SOFC is made up of four layers: (i) anode, (ii) electrolyte, (iii) cathode, and (iv) interconnect. Out of the 

four segments, three layers (anode, electrolyte, and cathode) are made up of ceramics or solid materials and the fourt 

one (interconnect) is made up of metal. The air enters the cathode and the fuel enters the cathode. The oxygen in the air 

is reduced at the cathode by absorbing the electrons from it and forms as O-2. These oxygen ions diffuse through the 

electrolyte to the anode. Therefore, when the fuels enter the anode, absorb the oxygen with releasing heat and water 

(H2O) as well as two electrons. These two electrons will go to the external circuit where they generate power and again 

they enter into the cathode. These cycles will be repeated continuously to generate electricity and thus completing the 

whole SOFC circuit.  A widely used electrolyte is yttria-stabilized   zirconia   (YSZ)   [33]   due   to   its   high ionic 
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conductivity, high chemical, and mechanical stability [34],[35]. Figure 2 depicts the working procedure of solid oxide 

fuel cells as an oxide ion-conducting electrolyte and proton-conducting electrolyte [36],[37]. The electrode half- 

reactions and overall cell reaction are shown in equations 1 to 3 [38]. 
 

At the cathode: 

 

 
At the anode: 

 

 

Overall: 
 

 

(1) 

 

 
(2) 

 

 

 

 
(3) 

 

Anode: The anode distributes the hydrogen gas evenly over its entire surface and conducts free electrons from the 

hydrogen molecule, which generates electricity in the SOFC circuit [39]. The anode plays a significant role in SOFC as 

it can convert catalysts directly into fuel [40]. Fuel flexibility should be the feature of an anode with increasing amounts 

of tolerating sulfur poisoning and carbon deposits [41]. It is also recommended for anodes to meet specific criteria, for 

instance, adequate electrical conductivity, thermal expansion compatibility, and high porosity [42]. These parameters 

are considered while selecting alternative anode materials for SOFCs. Nickel is preferred as anode material due to the 

fitness of the required components as described above. Nickel-YSZ (Ni-YSZ) was the most important discovery for the 

anode cermet for SOFCs [43]. This cermet meets all the criteria of material for the anodes, where it significantly 

increases fuel efficiency. At the present, attempts have been made with Copper-based cermets [44],[45]. 

Electrolyte: Electrolyte materials play a vital role as they have high ionic conductivity reacting between the 

electrodes for maximizing the efficiency of SOFCs, and thus completing the electrical circuit. The material should have 

sufficiently high ionic conductivity as well as low electronic conductivity to evade a short circuit across the cell. The 

performance of the electrolyte material depends on the relationship between the thicknesses and ohmic of the 

electrolyte and is proportionally linear [46]. Additionally, the material must be capable of forming a thin-dense film and 

also stable in both oxidizing and reducing the environment at the operating condition. YSZ demonstrates pure oxygen 

ionic conductivity. 8-mol% Y doped ZrO2 is the usual electrolyte used for high-temperature solid oxide fuel cells due to 

its high ionic conductivity, stability and compatibility with electrode materials in the cell. But, YSZ is limited to high- 

temperature operation due to its poor ionic conductivity at temperatures below 800°C. For SOFC, the operation 

temperature should be 500°C, as it decreases the high-temperature materials requirements, and as well as it lowers the 

cost. As well, this improves the balance of plants so that the generation of heat may be used for further energy 

production, therefore maximizing the efficiency of the device. These factors have led to the development of several 

other materials for intermediate and low-temperature SOFC electrolytes. Currently, cubic fluorite oxides mainly doped 

zirconia is the most common electrolyte for SOFCs, though, the ionic conductivity is relatively low at high 

temperatures [47]. 

Cathode: The applications of the materials mainly depends on selecting the cathode for SOFC. These applications 

are the synthesis process of the desired materials, design of the electrochemical cell with its operating temperature, and 

the electrolyte materials that can be compatible with the electrode (both anode and cathode). Materials for SOFC 

cathodes are chosen that can optimize conductivity, thermal stability, and facilitating the oxygen reduction reaction. 

Cathode materials should have sufficiently high conductivities (typically S/cm) to enhance reactivity. The combination 

of mixed-ionic and electronic conductivity (MIEC) is required to increase the size of the triple-phase boundary (TPB), 

the sites of the cathode started the reaction where oxygen is depleted and transferred to the electrolyte. LSM 

(La0.8Sr0.2MnO3), provides excellent thermal expansion match with electrolytes and shows good performance at 

operating temperatures as the TPB sites are limited to the interface between cathode-electrolyte [48]. 

Solid oxide fuel cells are a striking alternative technology due to its promised benefits of providing clean and 

efficient energy to people away from environmental pollution. Its vast applications also attract researchers in the 

generation of portable power technology, such as mobile, laptop, etc. [49] and the broad sector of transport areas [50]

https://www.sciencedirect.com/topics/materials-science/conductivity
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The auxiliary power unit (APU) can be replaced with fuel cells to accommodate power generation on aircraft to 

decrease pollutants and noise emissions for new and cleaner atmosphere [51]. The aviation industry can think about the 

future use of fuel cells in aircraft for civil aircraft applications. Another primary application of SOFC is a micro-CHP 

system combined with SOFC to generate electricity in heating houses and residential areas. The residential heating has 

been recognized as a challenging sector in the fuel cell sector to decarbonize. Solid oxide fuel cells, combined with micro-

CHP units, can drastically reduce associated emissions [52],[53]. All of these versatile applications of SOFCs are 

environmentally friendly, i.e., they maintain a clean and green environment. Therefore, SOFC needs those materials that 

are cost-effective and have a high conductivity as well as high performance to make it more effective. 

 

3. Materials for SOFC 

Already many materials have been used as SOFC electrodes, but the main problem of commercialization is to 

steadiness the reliability and durability of these materials at low cost. Among all the materials, perovskite materials are 

the well-desired candidate for SOFC electrode nowadays as it exhibits significant properties such as attractive ionic and 

catalytic properties [54],[55], superconductivity [56], piezoelectric [57], pyroelectrical properties and so on. There are 

some challenges that this technology will be drawn in the upcoming discussion. 

The perovskite structure is one of the oldest, most studied configurations in solid-state inorganic chemistry. It has 
since become a generic name to describe the family of materials comprising this structure. Perovskites have a formula 

ABX3, where A and B represent metal cations, and X is a charge balancing anion, typically oxygen. These perovskite 

oxides are therefore described by formula ABO3 (Figure 3). The A-site cations usually are rare earth, alkali, or alkali 

earth elements, and the transition metals are conventionally in the B site. The B-site cation is the coordination of 6 

oxygen atoms in the form of a corner-sharing octahedral [58]. 

 

 

Fig. 3 – A general cubic structure of the perovskite oxides, ABO3 

 
The perovskite structure is a combination of various metal ions. The prediction of the crystal parameters is an 

important aspect when developing and synthesizing new perovskite materials. Therefore extensive work has been done 

to understand the effect of the size of cation on the structure. The majority of perovskite structures can be qualitatively 

predicted using the Goldshmidt Tolerance Factor. Goldschmidt's tolerance factor relates the ionic radii of the A and B 

cations to the lattice parameters of the perovskite unit cell [59]. The tolerance factor, t, is calculated from trigonometry, 

utilizing a ratio between the bond lengths, A-O, and B-O. 

 

  (4) 

Where , , and are the ionic radii of A, B, and O, respectively. 

In the perovskite structure, the anions (oxygen) separate both the A and B cations. This means that the lattice 

constant, a, can be determined by the sum of the ionic diameters of oxygen and the B-cation. The relationship between 

the lattice constant, a, and the A-site cation is more complex due to their relative positions in the unit cell. Also, in the 

ideal cubic structure, the contact distance between the A and B site cations are equal to each other. Since most elements 

do not satisfy the requirements for the ideal arrangement, the tolerance factor, t, is included and is an A-O to B-O bond 

length ratio in the perovskite. When the tolerance factor, t > 1 → the size of A-site cations is massively big to fit into 

their interstices → Hexagonal structure, t ~ 0.9-1.0 → A-site, and B-site cations fit precisely into their allotted site

https://www.sciencedirect.com/topics/engineering/auxiliary-power-unit
https://www.sciencedirect.com/topics/chemistry/environmental-pollutant
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(Ideal condition) → Cubic structure, t = 0.75-0.9 → A-site cations are too lesser to fit into their assigned sites → 

Orthorhombic and Rhombohedral structure, and t < 0.71 → Both A-site cations and B-site cations are of the same size 

→ Correndum and Ilmenite structures. 

 

Table 2 - Composition, synthetic method, sintering temperature, lattice type and parameters of Cu-based 

perovskite electrodes 

 
Composition Electrod 

e type 

Synthesis 

method 

Sinterin 

g temp. 

[°C] 

Lattice 

type 

Space 

group 

a [Å] b [Å] c [Å] Ref. 

La0.6Sr0.4Fe0.8 

Cu0.2O3−δ 

Cathode EDTA–citrate 

complexation 
process 

1000 °C - - - - - [60] 

LaCo0.5Cu0.5 

O3−δ 

Cathode Citrate route 600 °C - - - - - [61] 

SrFe0.7Cu0.2Ti 
0.1O3-δ 

Electrode Sol-gel 1300 °C Cubic Pm-3m 3.8833 3.8833 3.8833 [62] 

Bi0.5Sr0.5Fe0.8 

Cu0.2O3-δ 

Cathode Solid-state 1400 °C Cubic Pm-3m 3.9326 3.9326 3.9326 [63] 

SrFe0.8Cu0.1N 

b0.1O3−δ 

 Sol-gel 1450 °C Cubic Pm-3m    [64] 

Pr0.7Sr0.3Co1 − 

yCuyO3 − δ (y = 

0.05–0.4) 

Cathode Sol-gel 950 °C Orthorh 
ombic 

- - - - [65] 

Nd0.6Sr0.4Co0. 

8M0.2O3−δ 

Cathode Solid-state 1300 °C Orthorh 

ombic 

- 5.3777 5.3861 7.6108 [66] 

La0.75Sr0.25Cu 

O2.5−δ 

Cathode Conventional 

ceramic 
process 

950 °C - - - - - [67] 

Sm0.5Sr0.5Fe0.8 

Cu0.2O3−δ 

Cathode Autoignition 

process 

950 °C Cubic Pm-3m    [68] 

Ba0.5Sr0.5Fe0.8 

Cu0.2O3− δ 

Cathode Auto ignition 

process 

950 °C Cubic Pm-3m - - - [69] 

La0.6Sr0.4Co0.2 

Fe0.7Cu0.1O3− 

δ 

Cathode Solid-state 950 °C Rhombo 
hedral 

R3c 5.4544 5.4544 2.4559 [70] 

La0.6Sr0.4Co0.1 

Fe0.8Cu0.1O3− 

δ 

Cathode Solid-state 950 °C Rhombo 

hedral 

R3c 5.4692 5.4692 2.4421 [70] 

 
The value of t is calculated and used to determine the stability of the perovskite structure qualitatively. Values 

between 0.9-1.0 are said to be the ideal case, giving rise to cubic perovskite structures where the A and B cation radii 

match perfectly. If a small A-site metal cation is used, the octahedral of the B-site tends to tilt to adjust the small A-site 

cation radius and the tolerance factor decreases. Generally, if a combination of A and B metals gives a t value of 0.8- 

1.0, the perovskite structure will be obtained in some form. 

Most of the elements from the periodic table can be accommodated in the perovskite structure, leading to a wide 
range of possible material combinations. This ability to include most elements allows one to easily tailor the material 

properties for specific applications by doping at the A and/or B site. Elemental doping has been shown to enhance 
many favorable properties such as electrical conductivity, mechanical strength, magnetism, catalytic reactivity, and 

surface area, etc. [35]. The dopant is typically chosen to enhance a certain property of the material specifically. The 

dopant can inordinately influence the electronic properties depending on the material nature and the band structure. As 
well, dopants of variable oxidation states are conventionally used to introduce oxygen vacancies within the perovskite. 

The majority of perovskites fall into three subcategories depending on the relative oxidation states of the A and B site 

cations. However, the perovskite structure is highly tolerant of oxide vacancies and can, therefore, accommodate 
elements of various oxidation states in either the A and/or B sites. For example, a perovskite with trivalent A and B site 

cations would have a general formula A+3B+3O3. By substituting a divalent metal for the B site cation, the perovskite 

structure necessarily loses oxygen in the form of vacancies to obey charge neutrality. This leads to the formation of 

A+3B+3
1-xB

+2
x O3-δ, where x equals the fraction of dopant and δ is the degree of oxygen vacancies. The structure can be 

further modified by additional doping at the A site, leading, for example, to a formula A+3
1-xA

+2
xB

+3
1-yB

+2
yO3-δ. The 
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perovskite system can accommodate a substantial level of dopants and become quite complicated. 

 

4. Development of Cu-doped materials 

The authors will mainly fixate on several copper doped electrode materials that have already been used in SOFC in 

this section, and their sintering method, lattice type, space group, and lattice constants have been reported thoroughly. 

Doping strategy and electrochemical performance will be mainly discussed in this review. 

ASR (area-specific resistance), Ea (activation energy), electrical conductivity, and TEC (thermal expansion 

coefficient) will be discussed to compare the investigated electrode materials in SOFC. The significant physical, 

chemical and electrochemical constraints are reported in the following tables for some of the compounds. The values of 

electric conductivity [S.cm-1], ASR [Ω cm2], activation energies [eV] and thermal expansion coefficients [106 K-1] are 

obtained here by reviewing various studies. The electrocatalytic performance of the electrode materials generally 
depends on doping both A- and B-site cations. To evaluate and forecast the durability of the perovskite-type electrode 

materials, and how suitable they are with other SOFCs components during operation at a temperature, the data are 

required. The preparation method, sintering temperature, space group, and lattice parameters for the same compounds 
were tabulated in Table 2. 

 
5. Enhancement of material performance 

TEC is an essential parameter for SOFCs. Ideally, all materials used in SOFCs should have the same TEC values. 

But thermomechanical stress occurs due to their mismatch configuration. Also, differences in TEC affect the lifetime of 

the cell as different cell layers will have varying thickness [71]. In addition to the thermal properties, the 

electrochemical performance of electrodes in SOFC is also essential for determining the likelihood of new, improved 

materials. Over potential, overvoltage, or loss can be caused due to the polarization resistance. These polarizations are 

evident in a characteristic SOFC curve and is very crucial to determining electrode performance. SOFC needs a porous 

anode supported cell for lower polarization resistance [72]. The polarization of cathode usually occurs when the value 

of the potential is less than the likely open-circuit voltage. This circumstance is also known as corrosion of  the 

possible. It is essential to separate the effect of local electrochemistry of the triple-phase boundary (TPB) and that of 

morphological structure for simulating the transport characteristics of SOFC electrodes [73]. 

Cathode/electrolyte/cathode arrangement or anode/electrolyte/anode arrangement is mainly built to form a symmetrical 
SOFC cell. Electrochemical impedance spectroscopy (EIS) analysis is used to study these balanced cells. The resistance 

at the grain boundary of the electrolyte gives the impedance value, which is attained at the high-frequency part. After 

that, the equivalent circuit is spawned from the Nyquist plot of the arcs. An equivalent circuit is shown in Figure 4 to 
analyze the symmetrical cell. There is four resistance in the circuit, Four resistors comprise the circuit, of which there is 

the ohmic resistance, Rs, and the sum of remaining resistances is the polarization resistance of the electrode, Rp. 

Electrical conductivity, ASR, Ea, TEC, and power density of Cu-based compounds, which are most important for 

SOFC, were addressed in Table 3. 

 

Rs R1 R2 R3 

 
 

Fig. 4 - Equivalent circuit for symmetrical cells 

 

From literature, the Rp value obtained for copper doped electrodes, such as LSFCO, LCCO, BSFCO, and SFCNO, 

is respectively 0.306 to 0.300. In Table 3, the difference  in Rp was recorded  mainly due  to  the  types of  materials  

and operating temperature of the cells. The processing method of the electrode powders determines the particle size. An 
increase in particle size leads to a decreasing in surface area of the electrode, which then yields higher resistance and 

poor conductivity in the component [74],[75]. All the factors mentioned here need to be considered before producing 

the copper doped electrodes. 

 

 

 

 

 

 

 

 

 

 

 

CPE1 CPE2 CPE3 

https://www.sciencedirect.com/topics/engineering/polarisation
https://www.sciencedirect.com/topics/chemistry/resistance
https://www.sciencedirect.com/topics/engineering/open-circuit-voltage
https://www.sciencedirect.com/topics/engineering/corrosion
https://www.sciencedirect.com/topics/engineering/electrochemical-impedance-spectroscopy
https://www.sciencedirect.com/topics/engineering/equivalent-circuits
https://www.sciencedirect.com/topics/engineering/nyquist-plot
https://www.sciencedirect.com/topics/materials-science/electronic-circuit
https://www.sciencedirect.com/science/article/pii/S0360319915312301#fig5
https://www.sciencedirect.com/topics/engineering/ohmic-resistance
https://www.sciencedirect.com/topics/chemistry/polarization-resistance
https://www.sciencedirect.com/topics/engineering/equivalent-circuits
https://www.sciencedirect.com/science/article/pii/S0360319915312301#tbl2
https://www.sciencedirect.com/topics/engineering/operating-temperature
https://www.sciencedirect.com/topics/materials-science/surface-area
https://www.sciencedirect.com/topics/materials-science/conductivity
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Table 3 - Composition, electrical conductivity s, ASR, activation energy, and TEC of Cu-based perovskite 

electrodes 

 
Composition o at 600 o at 700 ASR at Ea TEC Power Power Ref. 

 °C 

[S.cm-1] 

°C 

[S.cm-1] 

700 °C 

[Ω cm2 ] 

[eV] [106
 

K-1] 
density at 

700 °C 
[mWcm−2] 

density at 

800 °C 
[mWcm−2] 

 

La0.6Sr0.4Fe0.8Cu0.2O3−δ 190.000 - 0.306 - 14.60 
0 

291.000 530.000 [76] 

LaCo0.5Cu0.5O3−δ - - <0.100 - - - - [61] 
SrFe0.7Cu0.2Ti0.1O3-δ - 10.000 - - - - - [62] 
Bi0.5Sr0.5Fe0.8Cu0.2O3-δ - - 0.130 - 13.10 

0 
290.000 - [63] 

SrFe0.8Cu0.1Nb0.1O3−δ - 30.000– 
60.000 

0.300 - - 372.000 - [64] 

Pr0.7Sr0.3Co0.9Cu0.1O3−δ - - - 0.089 - 406.000 - [65] 
La0.75Sr0.25CuO2.5−δ - - 1.210 - - 0.280 0.650 [67] 

Sm0.5Sr0.5Fe0.8Cu0.2O3−δ 82.000 - 0.085 - 12.00 
0 

808.000 - [68] 

Ba0.5Sr0.5Fe0.8Cu0.2O3− δ 57.000 - 0.137 - - 718.000 - [69] 

La0.6Sr0.4Co0.2Fe0.7Cu0.1O3 

− δ 

- - - - 17.60 
0 

- - [70] 

La0.6Sr0.4Co0.1Fe0.8Cu0.1O3 

− δ 

- - - - 12.20 
0 

- - [70] 

 

From Table 3, it is shown clearly that Sm0.5Sr0.5Fe0.8Cu0.2O3−δ, the SOFC cathode, displays excellent performance 

(0.808 Wcm−2 at 700 °C) [68]. This sample was prepared through the auto-ignition process and the sintering 

temperature was 950 °C. Cell performance also depends on the porosity of the prepared materials [77]. The optimal 
level of porosity for electrodes in SOFC is around 40% [78]. Figure 5 describes that the cell membrane is completely 

impenetrable, and the grains are uniformly distributed resulting in high power density values. The porous electrode also 

affects the performance of SOFCs [79],[80] due to their triple-phase-boundaries (TPB), which may points or lines 
where pores, electrolyte, and catalyst meet [81]. 

 

 

Fig. 5 - SEM micrographs of electrode materials and the symmetric cell [68] 

 

6. Effect of SOFC on prevention of COVID-19 

SOFC is such an external energy source from which the generated energy is used according to demand and 

transfers excess electricity to the grid. Every year, the amount of electricity bills that have to be paid is very high. To 

mitigate this high billing payment issue and excess energy demand, we need to focus on external power generation. 

With the help of SOFC, a microgrid system is already developed to capable of powering a hospital with providing 

constant power supply by the company, Bloom Energy, in the USA to accommodate the patient overflow [82]. Also, 

the micro-CHP systems combined with SOFC can be used during this pandemic COVID-19 to the individual residence 

and hospitals [83],[84]. 

Concerning to commercialization of SOFC, the first thing that comes to mind is its new market value with high 

performance [85]. A decrease in the overall cost of the cell leads to an increase in demand to adopt it [86],[87]. 
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Recently, researchers show their keen interest in developing suitable and low-cost materials, especially electrodes, to 

the commercialization of SOFC. Therefore, their primary aim to overview different perovskite-type materials doped 

with copper, which are prospective for electrode materials in SOFCs, as copper is a much cheaper material in the 

periodic table and has availability on earth. 

 

7. Conclusion 

It is an incredible battle – today, the whole world is now continually fighting to protect itself from the novel 

coronavirus, COVID-19. Every moment is spent amid an unknown fear. As no drugs or vaccine is discovered so far, 

maintaining social distance is the only antidote. Despite being on the verge of death, health workers are constantly 

serving patients. As the number of patients is increasing day by day, a continuous power supply is needed to ensure that 

all their treatments are on time. SOFC is the only source of energy that can provide uninterrupted power and exquisite 

quality materials are required to operate this SOFC properly. The development of copper-doped electrodes in SOFC 

can give good potential. In addition to reducing TEC differences between electrode  and  electrolyte,  acceptable 

polarization resistance is seen in copper doped electrodes in EIS analysis. The use of SOFC to fight against this 

pandemic is unavoidable. SOFC made of suitable quality materials can provide uninterrupted power which is what we 

need right now. It is not just the time of this pandemic but any other normal time we can use this continuous power 

supply of SOFC. 
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