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Applications 
Microbial fuel cell (MFC) is one of the novel technologies designed to help towards achieving carbon-free energies. With zero CO2 emissions, this source of electricity can be used to aid in industrial production. However, its applications are currently limited because of design challenges, costs, and performance efficiencies. Areas of applications are discussed below. 
1. Treatment of wastewater 
Microorganisms play an essential role in the degradation of liquid wastes and sewage. In the process of degrading effluents, microbial fuel cells can produce electricity and minimize emissions. These organisms can be used in the treatment of sewage in industries, agricultural sites, in urban areas, and other institutions. Today, the urban population continues to swell, implying that more housing units will be required. Increased industrial development has promoted an increase in the release of wastes into water supplies, leading to increased health implications downstream. Also, the agricultural revolution has prompted the use of excessive chemicals and debris, which are harmful to the environment and health of residents.
To address the challenge of increased liquid wastes, microbial fuel cells can be used to oxidize organic compounds in sewage. In the process of breaking down these compounds, MFCs can release a steady electrical current from the emitted electrons. With large sewage capacities, this technology can be used to oxidize these compounds naturally and at the same time producing electricity. According to Shukla et al., (2004), argues that using MCFs can be an affordable technology in developing and developed countries, minimizing operating costs of the current systems, lowering emissions, and improving the health of residents. The use of MFCs to treat sewages is beneficial compared to the current aerobic treatment because of the reduced volume of sludge, implying that they can be easily managed (Kim et al., 2007).  
2. Electricity supply to remote sensors 
MFCs have found an actual application in the satisfaction of small power needs steadily and for more extended periods. The development of micro-electronic devices has prompted an equivalent reduction in power requirements. MFCs can be used to power telemetry systems and remote sensors because they eliminate replacement and repair issues, which in turn, minimize costs associated with the replacement of power sources. Research shows that using the correct organic and inorganic material can help in the provision of enough energy for the microorganisms, which will lead to a steady and renewable power supply. Compared to batteries that are currently used to power telemetry systems, MFCs are less costly and easy to manage. It is an autonomous power supply, which means that impracticalities in the operation of chemical sensors are avoided. According to Shukla et al. (2004), the use of MFCs relies on locally available resources, and thus their performance can be easily predicted. 
3. Provision of power to underwater monitoring systems and devices
The use of underwater monitoring systems and devices is a common occurrence in the modern world. These devices are used to gather data about the natural environment where humans can hardly survive. These devices, however, need an adequate and sustainable power supply to ensure that they collect information optimally and sent it promptly. MFCs can be excellently used to supply these devices with power because of their ability to provide power for more extended periods. Another consideration for using this technology to offer underwater tools with power is the challenges associated with accessing them underwater. For example, researching deep water can pose a challenge when replacing power sources. But the use of MFCs can prove sustainable because they are self-sustaining. Also, this power source can be integrated with the energy storage system to enhance relaying information to the surface.
4. Hydrogen production 
Another application of MFCs is the production of hydrogen under anaerobic conditions. This technology uses the electroactive bacteria to degrade organic compounds in the electrolyte to release electrons through the mediators (Guadarrama-Perez et al., 2019). Electrons are removed from the degradation of organic compounds in the electrolyte through the external circuit. Oxygen is released in the cathode where power is generated. An increase in the voltage is the cathode, implies that there is a reduction of oxygen, in turn, reducing protons to hydrogen in the cathode terminal (Liu et al., 2005). Through this technology, industries can be able to produce industrial hydrogen cheaply.  
5. BOD Sensing 
MFCs are used to help in pollutant analysis to determine the amount of dissolved oxygen. Biochemical Oxygen Demand (BOD) is the amount of oxygen that is consumed by microorganism in the process of decomposing organic matter in aerobic respiration. This technology can be used to determine the amount of oxygen required by microorganisms as they decompose a specific volume of organic matter. In the process of decomposition, this technology can be used to analyze the extent of pollutants. For example, in an agricultural site, this technology can be used to determine the level of contaminants in their effluents. The coulombic yield of the MFCs can be used to ascertain the volume of oxygen used. Understanding the relationships between the coulombic result of MFCs and concentration of organic matter in effluents can help analyze the percentage of pollutants released. Using MFCs for BOD sensing is a viable alternative because it can last for more than five years without maintenance and extra operational costs. According to Lovley (2006), using MFCs BOD sensing is beneficial than other BOD sensing because of its ability to self-sustain and easy to monitor and control.
6. Education
In the recent years, MFCs have found their application in classrooms, where students can be easily motivated to understand the concept of electrochemistry, material science, micro bioecology, and cell respiration (Logan and Regan, 2006). Using this technology has proven fruitful, particularly to environmentally-conscious students. Students can use this technology to learn how it can be used to address social and environmental challenges resulting from using unsustainable energies. Also, MFC technology can be used as a tool for microbial community analysis and microbial ecology issues. 

Limitations 
Despite that there are potential areas of application, MFCs is a young technology that is still under development. It is a promising novel technology that can be used to address problems of carbon emissions and the need for small power sources for micro-electric devices. However, it will take more time before the technology is adopted for commercial use. Several limitations are associated with the adoption and installation of this renewable energy technology. Current limitations have affected the ability of this technology to be considered an efficient source of electricity Limitations of MFCs are discussed below. 
1. Low electricity production 
Efficiently harvesting electricity from MFCs is one of the main challenges that is limiting this technology. This system is unable to directly support direct current even when there is an adequate supply of organic compounds. According to Do et al., (2018), an MFC is unable to keep a practical load because of a low voltage and current. The low power output is also associated with high internal resistance. High resistance in the system leads to an increase in terminal voltage. The elevated terminal voltage will lead to a small current. Low power output is also linked with increased oxygen diffusion to the anode. When designing this system, it is necessary to have the anode and the cathode placed closer to each other. The distance between the electrodes can lead to short-circuiting and increased oxygen diffusion.  
2. High capital and operation cost 
For this technology to be made viable, different materials are required. The cost of materials is a crucial determiner for the success of this technology, especially for use in large-scale uses. Materials needed for the architectural design of this technology can include large surface areas, biofilm, water, electrode materials, and catalysts (Logan and Regan, 2006). Initial capital investment, operation costs, maintenance costs, materials needed, chemical consumption, and containment of sludge (Li et al., 2015). Operation costs of MFCs Although the operation of MCFs is considered to have limited expenses; the technology produces a limited amount of energy, that is costly to harvest. The estimated consumption costs associated with this technology are 60% of the total revenue, which is $0.0005/kg. In this context, it can be identified that the amount of energy produced per kg is limited, making the operation extremely expensive. Capital costs of installing this technology are incredibly high compared to other renewable technologies. The materials mentioned above, particularly the electrodes, are costly. The combined cost of electrodes, separators, and catalysts can be higher than the expected returns on investments. Separators, for example, are used to ensure that there is no contact between the electrodes to avoid short-circuiting. The cost of separators can be $110/m², cathodes $1500/m², anode $100/m², and a reactor for $5000/m².  Using a wastewater treatment system as a reference, it is estimated that MFCs are 30 times more expensive than conventional wastewater treatment methods. These estimates show that the technology is still in its infancy stage compared to other renewable technologies.
3. Poor long-term stability
A viable and sustainable technology should be characterized by its ability to be robust, stable, and little maintenance costs. In MFCs, microorganisms are designed to develop into a biofilm on the electrodes. This arrangement improves their resistance to toxicity and changing conditions in the operating environment (Kim et al., 2007). Considering that renewable sources of energy are designed to produce sustainable energy, the achievement of this goal is a challenge using MFCs. In long-term performance, these systems have reported reduced performances. Reduced performances are linked to the deterioration of the electrodes and the changing operating environment. The functionality of electrodes decreases because they are exposed to corrosion, clogging, and fouling. Also, chemicals used as the catalyst can have a decrease in performance due to prolonged usage periods. The separators can also be exposed to fouling, which affects their performance, leading to oxygen diffusion and short-circuiting.
4. Environmental implications
Although this technology is associated with a low to zero carbon footprint, there are serious concerns raised regarding the materials used in the design. Most of the materials used in the construction of MFCs, including electrodes, separators, and the catalyst are based on fossil fuels. Fossil fuels are the primary contributors of carbon emissions today. Therefore, the presence of materials that release carbon into the atmosphere becomes questionable. The technology poses a challenge to the environment because of the long and expensive process to convert greenhouse gases to less harmful gasses. For example, in the wastewater treatment system, MFCs are used to convert CO2 into acetate and methane gas. However, this is an expensive and slow process, implying that there will be emissions into the atmosphere in the long-term period. Besides, there have been issues of sustainability due to the demand for high organic load and extreme operating temperatures. These factors have been linked with the production of low-quality sludge; that is, the sludge that has high levels of contaminants. 
[bookmark: _GoBack]Conclusion
In conclusion, MFCs is an emerging technology that has a high potential in the future, and that can help towards the achievement of the Paris Agreement. Developing sustainable energy technologies has proven critical because of the numerous application areas. MFCs can be applied in different areas like in the treatment of wastewater from industrial, agricultural, and domestic wastes. Using technology can address the problem of dumping sewage in water sources or residential areas where they can affect the aesthetic value. Another application is supplying remote sensors with electricity. Using this technology can address the problem of operational costs and time loss associated with the use of batteries. MFCs can also be applied in underwater devices to provide power, thus promoting research and offering better insights about the surroundings. Other applications can be the production of hydrogen, BOD sensing, and for education purposes. Despite the advantages, MFCs have several limitations, including low electricity production, high capital and operational costs, poor long-term stability, and environmental implications. Future directions to promote sustainability and address the challenges discussed are promising. The main focus should be on scaling-up to practical levels and addressing architectural engineering problems of the technology. 
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