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Abstract: An attempt has been made in this paper to introduce solid oxide fuel cell (SOFC) technology as a potential green solution to 
the never-ending energy demands of the present world. Attempt has also been made to explore its close counterpart, the solid oxide 
electrolysis cell (SOEC). The research look into the expectation of consolidating the two cells into a solitary, reversible, and acquiescent 
power generation unit are also discussed. 
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I. INTRODUCTION 

As universal energy demand keeps on to increase speedy, estimates that the present power supply should twofold by 2050 if 
recent tendency persist [1]. Accordingly, much consideration is being paid to discovering green solutions for this inexorably 
inescapable issue. Inside the domain of research, the term green lends itself to thought of biomass-inferred alternatives, for 
example, bio-fuels. But, inorganic and solid-state chemistry also exhibit a substitute choice as the solid oxide fuel cell (SOFC). 
John B. Good enough, inventor of the lithium-ion battery, introduced SOFC technology and its potential [2]. 

Since then, rapid upgrades have been made to this innovation. Both large scale and small scale pilot projects have been 
proposed, extending from wide utility power generation to dedicated residential, commercial, and military uses [3]. SOFC to act 
as electrolysis cell (SOEC) to reconstitute hydrogen gas and other fuels from water, have also acquired increased attention from 
an energy storage viewpoint. Reversible SOFC (RSOFC) technology that permits hybrid consumption and generation of fuel on 
demand has immense potential and fits to green chemistry viewpoint. This paper aims to introduce the SOFC, SOEC, and RSOFC 
technology with regards to upcoming solutions to green power production. 

II. SOLID OXIDE FUEL CELLS 

A conventional hydrogen fuel cell performs by conducting hydrogen protons from a cathode to an anode through liquid-phase 
electrolyte, whereas, an SOFC runs by conducting oxide ions from anode to cathode through a solid oxide or ceramic electrolyte. 
Oxide ion conductivity is accomplished by means of the presence of anion deficiencies in the crystal structure of the electrolyte, 
allowing flow of oxide ions. It is essential that these deficiencies (also known as defects) must be randomly distributed and 
energetically proportionate along the crystal structure, if not, conductivity would reduce as some anionic sites would be 
specifically engaged or unoccupied and in consequence activation energy well for the oxide ions. A typical crystal structure model 
in electrolytes satisfying this condition is that of fluorite, CaF2, as shown in Figure 1. 

 
Figure 1: Crystal structure of a fluorite, CaF2, Red spheres represent Ca2+, red spheres represent F- 

The solid-state nature of the electrolyte gives numerous alluring properties to the fuel cell, such as, high energy efficiencies 
[4]. Furthermore, the permanence of the solid-state electrolyte contrasted with liquid-phase electrolytes is fairly noteworthy. Solid-
state electrolyte requires little to no maintenance because of corrosion and allowing for many more design alternatives from an 
engineering point of view [5]. Mobile oxide ions as opposed to protons as well allow for fuel adaptability and acceptance when 
designing SOFCs; as they are obtained from air and can oxidize natural and synthetic gas, the strict requirement of hydrogen gas 
to act as fuel at the anode no longer applies [3]. 
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Figure 2: Sketch diagram of a Solid Oxide Fuel Cell (SOFC) 

Regardless, substantial disadvantages also go together with the use of the solid-state electrolyte. Yttria, zirconia, scandium 
and ceria are normally used oxides in electrolyte components, frequently doped with each other in different proportions to optimize 
conductivity, operating temperatures, and other technological properties [6]. Currently, yttrium-stabilized zirconia (YSZ) acts as 
the de-facto standard solid oxide electrolyte [7], from a price as well as performance perspective. While zirconia is a relatively 
commonly available compound, yttrium is a rare earth element having scarcity problem, as well as the extensive solvent extraction 
steps required to recover yttrium from xenotime, a major yttrium ore [8]. Scandium- stabilized zirconia (ScSZ) also performs 
extremely well as an oxide ion conductor, and much of the time superior to YSZ, but due to rarity of scandium on earth and high 
price confine its applications beyond the laboratory [9,10]. Walther H. Nernst is credited for invention of YSZ in the late 1800s 
[11]. YSZ was accordingly utilized in the first SOFC developed by Baur and Preis in 1937 [12]. Soon after, they proposed 
conceivable, but economically uncompetitive, plans to power the city of Berlin as a demonstration of the capability of their 
invention. For efficient conductivity and functionality of the SOFC high operating temperatures are required. Temperature 
generally ranging from 400-1000°C, depending on the solid electrolyte used [13, 14]. Even though, these high temperatures 
prevent applications for some purposes, efforts to use the heat in rotation with other processes and cogeneration purposes, such 
as solid oxide electrolysis cells (SOECs), have started to shift the picture from shortcoming to quality [13]. 

III. SOLID OXIDE ELECTROLYSIS CELL 

Solid oxide electrolysis cells (SOECs) can be supposed as just the mirrored counterpart of the SOFC. In an SOEC model 
water has been provide to the cathode part (anode part of the SOFC). At cathode reduction of water takes place and it gets reduced 
to hydrogen gas and oxide ions. Oxide ions move across the solid electrolyte to the anode (cathode part of the SOFC) and produce 
oxygen gas. Net hydrolysis of water in exchange provides energy. Contingent upon the SOEC being referred to, atmospheric 
carbon dioxide can likewise be nourished to the cell to get synthetic gas [6]. Many of the electrolytes used in SOFCs can also be 
used in SOECs, such as, YSZ and ScSZ [15]. Hydrolysis of water turns out to be progressively endothermic as temperatures 
increase [15]. Accordingly, SOECs can achieve to great degree high efficiencies as the heat generated from the cell can be utilized 
in the electrolysis reaction and lower electrical energy requirement. At the thermo-neutral potential of the SOEC the generated 
heat is equal to the heat consumption of the electrolysis reaction. This is optimal operation of the SOEC and can achieve a 
theoretical energy conversion efficiency of 100% [15]. Thus, SOECs are amazingly efficient when compared with low 
temperature electrolysers in spite of being less develop technologically [15]. Using ScSZ as electrolyte, Wang et al. (2009) 
reported an SOEC efficiency of 98% at 650°C [16], whereas alkaline and polymer electrolyte membrane (PEM), which are low 
temperature electrolysers, achieve 80% and 83.4% respectively [6]. On the other hand, SOEC efficiency usually drops down to 
the whereabouts of 60%, when the thermal source is also taken into consideration [17]. Despite everything, increases in efficiency 
because of high operating temperatures intrinsic in SOECs competently result in around 66% lower running expenses when 
contrasted with low-temperature alternatives [6]. 
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IV. REVERSIBLE OXIDE FUEL CELLS 

Prospective combination of both SOFC and SOEC technology into a single, reversible unit (RSOFC) shows various 
advantageous properties for future energy production. In particular, the capacity to utilize bio-fuel to generate clean electricity 
while having the capacity to also produce synthetic gas for long-term storage as the situation demands is incredibly desirable [6]. 
European Institute for Energy Research (EIf-ER) established similar cell impedances for both SOFCs and SOECs, which 
encouraged further research into reversibility of one to afford the other [6]. However, RSOFC technology is in its earliest stages 
at present and is confined mainly to laboratory scale. Developments in SOEC technology are at present observed as most 
imperative for advance improvement of RSOFCs. The challenges with regard to SOECs are more articulated and less attended by 
the researchers, contrasted with the more common SOFCs [6].In particular, long-term degradation of the SOEC is a genuine 
concern. Hauch et al. (2008) reported a 2% degradation of the Ni/YSZ oxygen electrode after 1300 hours of operation because of 
high voltages required [18]. However, there are many challenges inherent to the current combination, such as, functionality of the 
oxygen electrode (generally Ni/YSZ) in both forward and reverse modes and competent design for the cell. 

V. ECONOMICS AND VIABILITY 

With regards to green chemistry, it is essential that environment concerns are taking into account. With green chemistry point 
of view, both SOFC and SOEC technologies have been assessed in pilot endeavors from industrial power generation to domestic 
purposes [3]. As specified before, Baur and Preis (1937) considered realistic applications after invention of the SOFC. They 
proposed an arrangement for a SOFC power generation plan for Berlin’s power station west and concluded that practical and 
space-efficient SOFC power generation was undoubtedly conceivable, about a century ago [19]. The geographical locations of 
these power generators are of substantial significance in make use of solar energy efficiently and focused on the requirement for 
hybrid, versatile systems [20].  Usage of SOECs to produce synthetic gasoline from atmospheric carbon dioxide by means of the 
Fischer-Tropsch synthesis may be economical in countries with inexpensive renewable energy. However, a large barrier to entry 
in current SOFC, SOEC, and RSOFC technology is the initial capital investment, because of costly machinery associated with 
storing and using hydrogen.  

VI. CONCLUSION 

SOFC and SOEC technology have been presented in this paper and explored in terms of their merits and demerits. Current 
improvements and trends were addressed, and economic feasibility was compared with renewable energy competitors, such as, 
solar and wind. In spite of the fact that RSOFC technology appears to be very encouraging and idealized models indicate it to 
becoming beneficial. It may be more useful to concentrate exclusively on SOFC and SOEC technology provisionally. RSOFC 
progress is currently restricted by the latter for the time being and threatens still exist in both SOFC and SOEC technology. That 
being stated, there absolutely exists captivating financial potential for sustainable energy production by means of SOFC 
technology that will prove to be productive.  
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