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ABSTRACT 

The consistent reliance on foreign products has resulted to the underutilization of domestic products 

and high cost of foreign goods. This paper examined the benefits of  harnessing and utilizing ceramic 

materials to their full potential in the Nigerian energy sector. It emphasized that the development of 

new ceramic materials for the manufacturing of energy conversion and storage devices is essential in 

addressing the energy problems facing Nigeria. The study helped to contribute to this effort by 

exploring the potential applications of ceramic materials such as alumina, silicon, carbide, zirconia, 

etc., in producing ceramic products that will serve as energy conversion and storage devices. This 

paper found that developing energy conversion and storage devices with new ceramic materials will 

be more cost-effective, efficient, and reliable in assisting Nigeria to addressing her energy needs such 

as devices that can withstand high voltage without being blown or melted, and with a more 

sustainable energy future in the country. Thus, the study concludes that by developing new ceramic 

materials with improved electrical and thermal conductivity, and high resistance to corrosion and 

degradation features, there is tendency to creating more efficient, effective, and reliable energy 

conversion and storage devices. The study also concluded that there will be high economic value for 

producing and promoting ceramic materials in the energy sector within and outside Nigeria. 

Keywords: Ceramic materials, electricity, energy conversion, energy storage, energy challenges, 

devices. 

 

INTRODUCTION 

Energy has become a vital component for human activities in contemporary societies. It is a 

paramount tool powering everything from daily household appliances to healthcare support system, 

down to the gearbox of industrial activities. Apparently, the high demand of energy in modern 

life/activities, coupled with the increasing need to move away from fossil fuels due to air pollution 

amongst others, have created a pressing need for a more efficient and sustainable energy devices. 

Several researchers have found that ceramic materials with exceptional physical and chemical 

properties, can offer a promising solution to these challenges facing the energy sector in Nigeria 

(Ibrahim et al., 2021; Ayinde et al., 2020). These experts were able to identify the justification for 

developing ceramic materials in the energy industry. Obviously, the energy industry in Nigeria faces a 

lot of challenges to include unreliable power supply, limited access to electricity, low voltage, heavy 

reliance on imported fossil fuels (Ogunseitan, et al., 2017), to mention but a few. Households, 

organizations, and industries have incurred so much damages and huge costs of operations due to 

these problems. The Nigerian economy has also faced lots of economic changes associated to these 

challenges. 

This paper seeks to develop new ceramic materials that can be used for energy conversion and storage 

to help in addressing these alarming problems in the energy sector. Researchers have conducted 

several studies that identified and optimized the use of ceramic materials with adequate physical and 

chemical properties for the manufacturing of energy conversion and storage devices in Nigeria 

(Ibrahim et al., 2021; Ayinde et al., 2020). According to Ogunseitan et al., (2017), exploring the 

potential of these ceramic materials in the energy sector, attempts to draw meaningful contributions to 
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Nigeria’s efforts to increasing a more reliable access to adequate energy supply, and the transition to 

sustainable energy future. 

Ceramic Materials 

Ceramic materials are inorganic, nonmetallic solids that can be formed from varieties of materials 

such as oxides, nitrides, carbides, and borides. Ceramics are made by heating the above materials to 

high temperatures, causing them to react and form hard, rigid, and durable finished products. Ratnaraj 

et al., (2010), opined that the precise composition and properties of a ceramic material depend on the 

starting raw materials and the processing conditions used to create the product. Ceramic materials are 

known for their unique physical and chemical properties including high strength, hardness, chemical 

stability and resistance to heat, corrosion, and electrical conductivity. These properties make the 

materials ideal for a wide range of applications, such as electrical/electronic, construction, and 

biomedical devices (Raman et al., 2019; Gao et al., 2018). This paper reviewed ceramic materials that 

can be used in developing energy conversion and storage devices. Examples of such materials are 

alumina, silicon carbide, zirconia, nitride, etc. 

 

Properties of Ceramic Materials 

Ceramic materials have varieties of properties also called characteristics, which give them the 

capacity to serve their purposes. This paper discussed only properties of ceramic materials that can be 

used in energy conversion and storage devices. Some of these properties were discussed. 

 Density: This describes the level of compactness or closeness of particles of a ceramic 

material in forms such as solids, liquids, or gases. Density is an important property of 

ceramics because it determines the weight of the material, how it floats, or sinks, and how 

well it conducts heat and electricity (Mandavi & Kwon, 2014). This property must be 

considered before making a choice of ceramics for energy conversion and storage devices. 

The density of a ceramic material may vary widely, depending on the composition of the 

material, and the processing conditions used in creating it. 

 Magnetic properties: These are characteristics of ceramic materials that determine their 

responses to magnetic field or devices. Some ceramic materials such as ferrites, which are 

ceramics with iron oxide and other metallic oxides will be good for manufacturing energy 

conversion and storage devices (Okazaki et al., 2005). 

 Fracture toughness: This is a material property that measures the ability of a material to resist 

cracking or breaking during a loading condition. Ceramic materials can have high or low 

fracture toughness. This may impact on their resistance to cracking and failure under 

mechanical stress or harsh environmental situations (Guillon, 2021). The higher the level of 

fracture toughness, the more resistant a ceramic material is to fracture. This is a critical 

property in materials such as ceramics, metals, composites, and polymers; that are required to 

withstand high stress or brittle failure modes. 

 Thermal expansion: This refers to the tendency of a ceramic material to change in size or 

shape, when their temperature changes. Thus, as the temperature of the ceramic material 

increases, the volume of the material also increases. Ceramic materials have different thermal 

expansion coefficients which determines the extent to which these materials can expand or 

contract when subjected to changes in temperatures (Hou et al., 2018). 

 Electrical conductivity: This is a measures of how well a ceramic material can conduct or 

connect electricity. Zhang et al., (2018), opines that it is mostly determined by the amount and 

mobility of charge carriers such as electrons or ions in the material. Some ceramic materials 

are either electrical insulators or electrical conductors. 

 Porosity: This is the amount of void spaces or pores in a ceramic material. It is an important 

property in ceramic materials, as it can affect the mechanical, thermal, electrical, and 

permeability properties of the materials. Ceramic materials for energy conversion and storage 

devices can have varying levels of porosity, which may affect their capacity to absorb and 

transmit fluids, gases, and other substances used in powering the device (Ayinde et al., 2020). 
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Types of Ceramic Materials 

Ceramic materials are in many different types/forms. Some of these ceramics have potential 

applications in developing energy conversion and storage devices. Few of these ceramics were 

discussed under this section of this paper. 

 Silicon carbide (SiC): The silicon carbide is used as a semiconductor material in photovoltaic 

devices for energy conversion. This type of Ceramic material has excellent thermal 

conductivity, and is resistant to thermal shock. These features make this ceramic material 

useful for devices such as solar thermal collectors (Li et al., 2019). 

 Alumina (A12O3): Alumina is used as dielectric material in capacitors for energy storage. 

This ceramic material has a very high electrical insulation properties, high melting capacity, 

and high level of hardness. These characteristics make it relevant for applications such as 

high-temperature fuel cells (Chen, et al., 2020). 

 Zirconia (ZrO2): Zirconia is used in fuel cell electrolytes for energy conversion. Ceramic 

materials of this category have high level of chemical stability, high melting point, and are 

very good thermal conductivity. Khovayko et al., (2018), stressed that these features make 

this material useful for devices such as solid oxide fuel cells. 

 Manganese oxides: This manganese oxides are used to make capacitors for energy storage. 

Ceramic materials of this kind have been proved from regular experiments to have high 

specific capacitance. This property makes them useful for devices such as supercapacitors 

(Zhang et al., 2020). 

 Perovskite oxides: These ceramic materials have high amount of ionic conductivity and a high 

degree of electrochemical properties. With these features, they are useful for devices such as 

fuel cells and solid oxide electrolysis cells for energy conversion (Gao et al., 2018). 

 Carbon nanotubes: These types of Ceramic materials have been shown in several practical 

works to have high electrical conductivity. Zhang et al., (2018), opines that carbon nanotubes 

are useful in devices such as lithium-ion batteries. These batteries have very high capacity for 

energy storage. 

 Barium titanate (BaTiO3): This ceramic material has high dielectric constant and polarization. 

Raman et al., (2019), claim that it is very useful for devices such as capacitors for energy 

storage. 

 Nitride ceramics: These ceramics have been proved to have high thermal and chemical 

stability. Yuan et al., (2017), assert that the nitride ceramics are useful for devices such as 

thermoelectric generators. These generators have high lifespans and strong capacitor to power 

high voltage households and industrial devices for energy conversion. 

 Polymer-derived ceramics: These types of ceramics are formed by pyrolysis of organic 

precursors. The polymer-derived ceramics have been shown from laboratory and industrial 

applications that they have good mechanical properties and chemical stability. These features 

make the materials useful for devices such as electrochemical energy storage (Liu et al., 

2017). 

 Silicon nitride (Si3N4): It is used as semiconductor material in solar cells for energy 

conversion. This type of ceramic material has been proved to have high level of thermal 

conductivity and a low level of thermal expansion. Wang et al., (2019), disclosed that the 

silicon nitride is useful for applications such as thermoelectric devices.  

 Niobium oxide (Nb2O5): It is used as a gate dielectric and high-temperature superconductor 

material in thin-film transistors for energy storage. This type of ceramic material has been 

proved to have a high level of electrical conductivity. This characteristics makes the niobium 

oxide useful for applications such as solid-state batteries (Zhao et al., 2020). 

 

Energy Conversion 

Energy conversion has been described in variety of ways, based on area of interest of the research. For 

the purpose of this study, energy conversion is the process of transforming one form of energy to 

another form of energy for effective and efficient usage and storage. An example of such process is 

when solar energy is being converted into electrical energy, by using ceramic-based photovoltaic cells 

(Guillon 2021). Also, such conversion process can take place in a situation where chemical energy 
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stored in fuels such as natural gas or hydrogen are converted into electrical energy, by using ceramic-

based fuel cells (Khovayko et al., 2020). Energy conversion is a key aspect of ceramic-based energy 

devices that enable the use of renewable and clean energy sources to meet required energy demands. 

Energy can be converted into another form of energy through devices called energy conversion 

devices. 

 

Reasons for Ceramic-based Energy Conversion Devices 

There are many reasons for developing energy conversion devices from ceramic materials. Some of 

these reasons were explained under the following subheadings in this paper. 

 Temperature: Temperature a very vital requirement in considering the type of ceramic 

material to be used in developing an energy conversion device in Nigeria. Temperature helps 

to determine the performance of any device including energy conversion devices. Nigerian 

climate is mostly hot and harsh, as such high temperature ceramic-based energy conversion 

devices will be good. Treccani (2022), disclosed that ceramic materials that can operate at 

high temperature levels such as solid oxide fuel cells, are capable of improving energy 

conversion efficiency and equally reducing energy losses in harsh environment. 

 Efficiency: Most energy conversion devices have low output capacity compared to the their 

input ratio. This is mostly visible in metallic energy conversion devices, and other imported 

energy technologies. Besides, most energy conversion devices imported are inefficient in 

Nigeria due to due to several factors including lack of technical know-how by users, 

mismatch with local contents, etc. Considerably, developing local contents on ceramic 

materials will improve efficiency in using energy conversion devices. Chen et al., (2020), 

claim that developing local ceramic materials with high energy conversion efficiencies can 

improve the performance nature and cost of energy devices. 

 Combination technologies: Hybrid ceramic devices with a combination of multiple energy 

conversion technologies such as solar and fuel cells can help in enhancing the overall 

efficiency and flexibility of the device (Wang et al., 2016). Educating the energy experts in 

the Nigerian energy/power sector on how to combine technologies in developing ceramic-

based and other energy sources for energy conversion will help to improve on the quality of 

the energy devices in Nigeria. 

 Thermal management: Hou et al., (2018), claim that developing ceramic-based thermal 

management systems such as heat exchangers and thermal insulation, can help to improve 

energy conversion efficiency by minimizing heat losses and maximizing energy utilization. 

The amount of heat energy in Nigeria is very high, therefore developing a ceramic-based 

thermal insulator can help in the conversion of heat energy into electricity; thereby enhancing 

the amount of power supply in Nigeria. 

 Novel materials: This explains that developing new ceramic materials such as Peroviskite-

based and high-entropy oxide materials can improve energy conversion efficiencies and 

equally help to expand the range of operating conditions (Chen et al., 2020). 

 Storage integration: Integrating ceramic-based energy conversion devices with energy storage 

technologies such as batteries or supercapacitors can help in enhancing the reliability and 

stability of renewable energy systems (Xu et al., 2019). 

 

Energy Storage 

Energy storage is the retention of energy to avoid it’s waste, for future use. Ceramic materials may be 

used to develop varieties of energy storage devices such as batteries, supercapacitors, and hydrogen 

fuel cells. Ceramics can equally serve as electrodes, electrolytes, and or separators in these devices 

(Jafarzadeh et al., 2011). They can help in providing critical functions such as high specific capacity, 

fast charge and discharge rates, and thermal and chemical stability (Pavlopoulou et al., 2016).  For 

instance, ceramic-based lithium-ion batteries can store energy more efficiently and safely than 

conventional batteries. Also, ceramic-based energy storage device such as supercapacitors can provide 

rapid power delivery for energy intensive appliances. 
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Reasons for Developing Ceramic Materials for Energy Storage 

There are several reasons for developing ceramic materials for energy storage devices. These reasons 

have been explained with various headings in this paper. 

 New materials: Developing novel ceramic materials such as vanadium phosphate or metal 

sulfides can help in the improvement of energy storage capacity in Nigeria. This process can 

improve performance rate in rechargeable batteries and supercapacitors (Gao et al., 2019). 

 Quantum dots: By incorporating ceramic-based quantum dots such as cadmium selenide or 

lead sulfide, there can be an improvement in the energy storage capacity of supercapacitors 

(Deshpand,  2022). 

 Multifunctionality: Combining energy conversion and storage functions into multifunctional 

ceramic devices such as thermoelectric batteries, can provide more efficient and sustainable 

energy solutions (Guillon et al., 2021). 

 Hierarchical structure: Developing hierarchical ceramic structural stability such as titanium 

diboride or zirconium diboride, can help in improving energy storage performance by 

resisting degradation and preventing visible capacity fade in high temperature devices (Zhao 

et al., 2020). 

 Combining functions: By incorporating ceramic-based phocatalysts, such as titania or cesia 

into energy storage devices, they can help to facilitate solar energy conversion and improve 

the overall performance in hybrid systems (Xu et al., 2019). 

 

Relevance of Developing Ceramic Materials for Energy Conversion and Storage Devices. 

Ceramic materials are relevant in areas such as construction, medical science, energy, etc. In this 

paper, our concentration was on the relevance of developing ceramic materials for energy conversion 

and storage devices. Some of these justifications are: 

 High power density: Li et al., (2019), opined that ceramic materials such as perovskite oxides 

have high power densities, which helps to allow high energy conversion and storage 

capacities. This feature can help in cubing Nigeria’s low power density in energy conversion, 

storage, and supply. 

 Durability: Ceramic materials are highly resistant to heat, corrosion, and mechanical stress. 

Wang et al., (2019), claim that ceramic materials are suitable for use in harsh environments. 

This claim makes it possible for ceramic-based energy devices to work effectively and 

efficiently in Nigeria, because the climate is mostly harsh. 

 Environmental sustainability: Many ceramic materials are made from abundant, non-toxic 

materials. Such materials are more sustainable choice for the development of energy 

conversion and storage devices (Yuan et al., 2017). 

 Versatility: Ceramic materials can have wide range of physical and chemical properties. Lui 

et al., (2018), disclosed that such ceramic materials can be used for the design of energy 

devices with specific performance requirements. 

 Low cost: Some ceramic materials are very expensive due to the cost of gathering those 

materials and developing them to a useful form, but some have low cost and are affordable, 

yet serving same purpose (Lin et al., 2016). Low cost of the raw materials such as clay, and 

production, makes the energy device  more affordable in Nigeria, because the primary raw 

material- clay, is everywhere in our environment. 

 High chemical stability: Many ceramic materials are highly stable in a wide range of 

conditions such as high temperatures, corrosive environments, and harsh chemical conditions. 

These conditions give them the capacity for long-term performance (Liu et al., (2018). 

 Low thermal expansion: Some ceramic materials have low coefficients of thermal expansion. 

This situation is beneficial for devices that require thermal cycling (Guillon, 2021).. 

 High thermal conductivity: Some ceramic materials have excellent thermal conductivity. This 

feature allows for the efficient transportation of heat, thereby, reducing energy losses (Hou et 

al., 2018). 
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 Electrochemical stability: Some ceramic materials are highly electrochemically stable. Liu et 

al., (2020), stressed that highly electrochemically stable ceramic materials are ideal for 

developing energy storage devices. 

 

Economic Values in Developing Ceramic Materials for Energy Conversion and Storage Devices 

in Nigeria. 

Developing and promoting ceramic materials as energy conversion and storage devices in Nigeria 

have several values and economic benefits. The economic benefits were discussed under the 

following subheadings. 

 Cost reductions: Ceramic materials if employed in the energy industry in Nigeria, has the 

potency of reducing the cost of energy conversion and storage, and their devices; especially if 

locally sourced raw materials like clay are sourced from the country (Olukanni, 2017). This 

process is capable of increasing the availability and affordability of locally made clean 

ceramic-based energy technologies for energy conversion and storage. Doing this, will help in 

solving the overlapping energy challenges in Nigeria. 

 Diversification: Improving and expanding the use of ceramic materials for energy conversion 

and storage devices can help in diversifying Nigeria’s economy. Olukanni (2017), says it will 

help in reducing much dependence on oil and gas exportations in Nigeria. 

 Local manufacturing: Developing and promoting local manufacturing capacities and 

capabilities for ceramic-based energy devices, can help in creating new jobs and many other 

varieties of business opportunities. Nkashi (2015), opines that if the Government supports, by 

participating and strictly regulating the energy industry while carrying out this innovative 

activities, there will be fast growth in the development and domestication of ceramic 

materials in the manufacturing of renewable energy devices in Nigeria. This process will 

equally contribute to the country’s economic growth. 

 Infrastructural development: Developing and promoting the use of local ceramic materials in 

manufacturing energy devices, can help to support the development of energy infrastructure 

in Nigeria. Ceramic materials can be used in manufacturing and building infrastructures such 

as microgrids and distribution networks (Gyasi-Agyei et al., 2019). This development will be 

a soft relief from the long-term unresolvable electricity supply challenge in Nigeria for 

acclaimed low power density to supply required energy, and the regular issue ill-fated energy 

devices associated to the Nigeria’s national grid. 

 Energy security: Developing and promoting ceramic-based energy conversion and storage 

devices can help to contribute to Nigeria’s energy security. Olukanni (2017), stressed that 

energy insecurity in Nigeria was prompted due to rapid increase in the reliance on imported 

energy sources and devices. This means that if indigenous ceramic-based energy conversion 

and storage sources and devices are developed and promoted, there will be adequate energy 

security in Nigeria. Thus, if this happens, the importation of energy sources and devices will 

reduce drastically in Nigeria. 

 Local content: Making use of locally sourced ceramic-based raw materials in developing 

energy devices may increase the proportion of locally manufactured applications. Afolabi et 

al., (2020), asserts that indigenous products are better when manufactured inline with 

Nigeria’s local content policy; it helps to maintain standards and specifications, thereby 

competing with foreign products. Thus, in order to utilizing locally sourced ceramic materials 

as raw resources in developing energy devices, it must meet Nigeria’s local content policy. 

 Entrepreneurship: Afolabi et al., (2020), disclosed that increased investment in ceramic 

materials for developing energy conversion and storage devices can lead to rapid start-ups for 

small businesses in Nigeria. This process could help in increasing and promoting creativity 

and innovation, job creation, and availability of varieties of affordable energy devices. 

 Sustainable development: Developing and utilizing ceramic materials in energy devices can 

help in meeting Nigeria’s energy needs. Asibi et al., (2016), stressed that promoting ceramic-

based energy devices will assist Nigeria in solving her energy challenges such as, increasing 

power supply/stability, and minimizing negative environmental impacts of energy conversion 
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and storage activities. This processes will contribute to sustainable development in the 

Nigerian power sector. 

 Rural development: Ceramic-based energy devices, especially the small-scale businesses, can 

help to increase and improve energy access for rural communities in Nigeria. It is argued that 

improving energy access through ceramic-based energy devices will support economic 

development of rural areas in Nigeria (Oyedun et al., 2016). This improvement will help to 

promote rural development. 

 Export opportunities: As Nigeria gains expertise in developing ceramic-based energy devices, 

there will be opportunities to export these locally made energy technologies to other countries 

in Africa and the world at large. When Nigeria starts exporting these ceramic-based energy 

products, it will contribute to increased foreign exchange earnings for the country (Afolabi et 

al., 2020). 

 

CONCLUSION  

Critically considering the problem in the Nigerian energy/power, and its negative impacts on citizens 

and their activities, developing ceramic materials for energy conversion and storage devices in 

Nigeria can help in providing many benefits. These benefits may range from increased energy 

efficiency, improved energy safety and durability, increased energy availability, reduced cost, reduced 

negative environmental impacts, and enhanced economic opportunities. In addition, the versatility and 

stability of ceramic-based energy properties makes them well-fit for a wide range of applications such 

as solar cells, fuel cells, batteries, and supercapacitors. These devices will help in concerting and 

storing energy for effective and efficient use. However, by investing in research and development of 

ceramic-based energy, Nigeria can contribute to a more sustainable and secured energy future. This 

can also help in fostering creativity and innovation, job creation, enhanced Gross Domestic Product 

(GDP), and economic growth for Nigeria. 

Thus, the development of ceramic-based energy conversion and storage devices will help Nigeria to 

attain her national development goal of economic diversification. This will assist in relieving the 

country from economic monopoly; diversifying the economy, and meeting its energy requirements. In 

view of this, Nigeria can become a hub for ceramic-based energy technology in Africa and beyond, by 

leveraging locally available raw materials such as abundant clay deposits in the country. Besides, if 

these locally Nigerian made ceramic-based energy products are viable, they can attract international 

investment agencies and companies for patronage/stakeholders. This situation can equally promote 

technological feasibility for Nigeria, and create room for collaboration with other high-tech countries; 

thereby enhancing Nigeria’s position in the global energy market. Finally, developing and promoting 

ceramic-based energy devices in Nigeria will help to reduce the country’s deepened reliance on 

imported energy sources and devices. These conditions if met will thereby help in improving energy 

security and economic stability in Nigeria. 
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