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Abstract: The project concerns with the study of generation of electricity along with low-cost waste water 

treatment from Dual Chamber Microbial Fuel Cell (MFC). This study attempts to evaluate the performance 

of a double chamber MFC by manipulating the waste water, electrode thickness, the distance etc in order 

to attain the maximum power output along with waste water treatment. Today we are witnessing a global 

energy crisis due to huge energy demands and limited resources. Non-renewable energy sources are 

depleting and renewable energy sources are not properly utilized. There is an immediate need for search of 

alternate routes for energy generation. Microbial fuel cell (MFC) technology, which uses microorganisms 

to transform chemical energy of organic compounds into electricity, is considered as a promising 

alternative for simultaneous treatment of wastewater along with energy production. Extensive studies have 

corroborated new insights into MFC, which show that a wide array of carbon sources including wastes can 

be employed using a variety of microbes. Consequently, microbial transformation of wastes using novel 

bioremediation strategies such as MFC for energy generation is considered as an efficient and 

environmentally benign Approach. 
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I. INTRODUCTION 

Renewable energy sources have become increasingly popular due to their environmental benefits and cost-

effectiveness. Solar energy, in particular, has gained widespread adoption in residential and commercial settings. A 

Two-Stage Solar Grid Connected PV System is a type of solar power system that combines both grid-tied and off-grid 

functionality, providing users with the stability of a grid connection while also having backup power in case of a grid 

outage. 

The Two-Stage Solar Grid Connected PV System consists of a solar panel, a boost converter, a battery bank, an 

inverter, and the utility grid. The solar panel converts sunlight into electricity, which is then fed through a boost 

converter to increase the voltage and stored in a battery bank. The inverter then converts the DC power from the battery 

bank into AC power that can be used to power household appliances. The utility grid is used as backup power in case of 

low solar panel output or high household energy demand, and excess power generated by the solar panel can be fed 

back into the grid through a net metering arrangement. 

Simulation models are often used to test and optimize the performance of Two-Stage Solar Grid 

Connected PV Systems. These models can be used to determine the system's capacity, energy output, and efficiency. 

Through simulations, users can gain valuable insights into the system's behavior under various conditions and make 

informed decisions on system design and operation. 

 

II. LITERATURE REVIEW 

This Chapter reviews the various literature survey done on Microbial Fuel Cells. This Chapter also discussed the work 

done by other researcher in the field of Microbial Fuel Cells. 
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The use of solar photovoltaic (PV) systems has gained popularity over the years due to their ability to generate clean 

and renewable energy. In recent times, the use of two-stage solar grid-connected PV systems has been proposed as a 

means of improving the efficiency and reliability of PV systems. In this literature review, we will explore the concept of 

two-stage solar grid-connected PV systems and highlight some of the relevant studies in this area. 

Two-stage solar grid-connected PV systems consist of two DC-DC converters, which are used to maximize the power 

generated by the PV system and to improve the voltage stability of the system. The first stage converter is a Maximum 

Power Point Tracking (MPPT) converter, which is used to track the maximum power point of the PV array. The second 

stage converter is a DC-DC boost converter, which is used to boost the voltage of the DC power generated by the PV 

array to match the grid voltage. 

In a study conducted by V. C. Pandian et al. (2015), a two-stage grid-connected PV system was developed and tested in 

a laboratory. The system consisted of a 1 kWp PV array, a MPPT converter, a DC-DC boost converter, and an inverter. 

The results of the study showed that the system was able to efficiently generate and supply power to the grid, with a 

maximum efficiency of 96.2%. 

Another study by G. L. P. Melo et al. (2017) proposed a two-stage PV system with an additional AC-DC converter, 

which was used to improve the power quality of the system. The proposed system was tested under different operating 

conditions and the results showed that the system was able to improve the power factor and reduce the total harmonic 

distortion (THD) of the output current. 

In a more recent study, M. Kumar et al. (2021) proposed a two-stage PV system with an adaptive fuzzy controller. The 

controller was used to improve the tracking efficiency of the MPPT converter and to regulate the output voltage of the 

DC-DC converter. The proposed system was tested under different operating conditions and the results showed that the 

system was able to efficiently generate and supply power to the grid, with a maximum efficiency of 99.7%. 

In conclusion, two-stage solar grid-connected PV systems have been shown to improve the efficiency and reliability of 

PV systems. The use of MPPT converters and DC-DC boost converters can maximize the power generated by the PV 

array and improve the voltage stability of the system. The addition of AC-DC converters and adaptive fuzzy controllers 

can further improve the power quality and tracking efficiency of the system. 

 

III. METHODOLOGY 

The simulation of a two-stage solar grid-connected PV system involves the use of software tools such as 

MATLAB/Simulink, and PSCAD to model the system and evaluate its performance. The following is a general 

methodology that can be followed for this purpose: 

 System Description: Define the specifications of the solar grid-connected PV system, including the ratings of 

the PV modules, inverter, transformer, and other components. Also, determine the location and solar irradiance 

data for the site. 

 PV Module Modeling: Develop a mathematical model of the PV module using the single-diode model, which 

considers the effects of temperature and irradiance on the PV module output. Use the manufacturer's data sheet 

to obtain the necessary parameters for the model. 

 Inverter Modeling: Develop a mathematical model of the inverter, which includes the DC-AC conversion, 

maximum power point tracking (MPPT), and control algorithms. Use the manufacturer's data sheet to obtain 

the necessary parameters for the model. 

 System Integration: Integrate the PV module and inverter models into the system model. Define the control 

strategy for the system, including the MPPT algorithm and power quality control. 

 Simulation: Simulate the system under different scenarios, including varying solar irradiance, temperature, and 

load conditions. Evaluate the system performance in terms of power output, efficiency, and voltage and current 

waveforms. 

 Optimization: Optimize the system parameters, such as the sizing of the PV array, inverter rating, and 

transformer rating, to improve system performance and reduce the cost. 

 Results Analysis: Analyze the simulation results to determine the system's overall performance, identify 

potential problems, and propose solutions. 
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 By following this methodology, you can simulate and evaluate the performance of a two-stage solar grid-

connected PV system and optimize its design to achieve the desired performance and cost- effectiveness. 

 A grid-connected photovoltaic system or grid-connected PV system is electricity generating solar PV power 

system that is connected to the utility grid. A grid-connected PV system consists of solar panels, one or several 

inverters, a power conditioning unit and grid connection equipment. 

 As the solar panel often provides low level dc voltage in PV systems. 

 The first stage is typically a dc-dc converter for amplifying voltage and extracting electrical energy from the 

PV array. 

 The second stage is a dc-ac inverter for delivering electrical energy to the utility grid. 

 
Fig.1: Two stage solar grid connected PV system 

 

Maximum Power Point Tracking 

 The efficiency of a solar cell is very low. 

 In order to increase the efficiency, methods are to be undertaken to match the source and load properly. 

 One such method is the Maximum Power Point Tracking (MPPT). 

 This is a technique used to obtain the maximum possible power from a varying source 

 In photovoltaic systems the I-V curve is non-linear, thereby making it difficult to be used to power a certain 

load. This is done by utilizing a boost converter whose duty cycle is varied by using a MPPT algorithm. 

 Over the past decades many methods to find the MPP have been developed and published. These techniques 

differ in many aspects such as required sensors, complexity, cost, range of effectiveness, convergence speed, 

correct tracking when irradiation and/or temperature change, hardware needed for the implementation. 

 There are many methods used for maximum power point tracking a few are listed below: 

1. Perturb & Observe (P&O) method 

2. Incremental Conductance method 

3. Beta Method 

4. Constant Voltage method 

5. Constant Current method 

6. Hill climbing 

 

Work Done 

The topic of a two-stage solar grid-connected PV system is a complex and interdisciplinary area of research that 

requires a wide range of skills and expertise. Overall, the work done in the area of a two-stage solar grid-connected PV 

system is extensive and involves a range of disciplines, including electrical engineering, control systems, optimization, 

and economics. This research is crucial for the development of efficient, cost-effective, and sustainable solar power 

systems that can contribute to the transition to renewable energy 
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Perturb and Observe Method 

 Perturb & Observe (P&O) method is the simplest method. 

 It has only one sensor that is the voltage sensor, used to sense the PV array voltage. 

 The cost of implementation of voltage sensor is less and hence easy to implement. 

 The time complexity of this algorithm is very less but on reaching very close to the maximum power it doesn’t 

stop at the MPP and keeps on perturbing on both the directions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2:- Flowchart of P & O Algorithm 

 

Simulation.1:- MATLAB Simulation Diagram @1000w/m2solar Irradiance 
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Graph.1:- Simulation Result @1000w/m2 Solar Irradiance 

Simulation.2:- MATLAB Simulation Diagram @500w/m2solar Irradiance 
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Graph.2:- Simulation Result @500w/m2 Solar Irradiance 

Simulation.3:- MATLAB Simulation Diagram @700w/m2solar Irradiance 
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Graph.3:- Simulation Result @700w/m2 Solar Irradiance 

 

IV. CONCLUSION 

In this study we have analyzed the performance of a double chamber MFC by varying the types of electrolytes, the 

electrode thickness and electrode distance. The output of these systems (electric current and electric power) is still some 

way less as compared to the large-scale applications. More technological advancements in terms of material, costs and 

substrates being used are necessary to bring these systems at a level where they can be commercially exploited. 

MFC’s are a promising technology for renewable energy production; they face several challenges such as low levels of 

power density, high cost of component materials, and large internal resistance. Microbial fuel cell can generate 

electricity no matter how small, shows that microbial fuel cell could help in reducing the damage to our environment 

and household appliances. The double chamber MFC tested also produced the highest electricity when it was run using 

fertilizer water in comparison to soil water and lake water. This showed that the rich content of fertilizer water is 

influential to the performance of the double chamber MFC. In recent years, many studies have been conducted to 

explore microbial fuel cells in many aspects, such as electron transfer mechanisms, enhancing power outputs, reactor 

developments and applications. 
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Although MFC’s are a promising technology for renewable energy production, they face several challenges such as low 

levels of power density, high cost of component materials, and large internal resistance. Microbial fuel cell could help 

in reducing the damage to our environment and household appliances. 

With the help of this result we can proof that by changing duty ratio we get the power output for system. Since due to 

the variation in power of solar input, there are number of losses formed in output, so by stabilizing the output power we 

can reduce the number of losses. 

Solar irradiance w/m2 Power (Kw) Voltage (V) Duty 

1000 w/m2 9.978 388.6 

500 w/m2 4.85 299.7 

700 w/m2 7.02 324.9 

 

V. FUTURE SCOPE 

1. Development of fuel cells that can use hydrogen, methanol or ethanol to power portable applications. 

2. If the development of MFCs leads to a product that has a reasonable (read- usable) power output per unit of 

MFC volume, it will be a viable product. Customer will accept a larger battery and a larger feeding tank, 

provided the feeding is easy to perform and has a green and safe label. 3) In the future, the amount of low 

power devices implanted in the human body will significantly expand. These devices (Body Fluid batteries) 

need long term, stable power provision. To provide this power, a MFC can be used. 

3. In future the other potential ways to use MFC are in areas like desalination, pollution remediation, remote 

sensing and hydrogen production. The process of removing salt i.e., desalination from sea and brackish water 

which needs a lot of external power to be supplied, an MFC can be used for desalination without the supply of 

external power. 

4. The cost of materials employed for the construction of MFC is also a key factor for the successful application 

of the technology at large scales. Hence developing a cost- effective procedure which is environmentally 

sound and sustainable due to utilization of wastewater as substrate is the need of the moment. 

5. The various substrates that have been used in MFCs for current production and waste treatment are numerous 

but there is also scope of production or utilization of newer substrates along with improved outputs both in 

terms of power generation as well as waste treatment. Substrates being used in both MFCs have grown in 

complexity and strength. Several new substrates can be used under the MFC set ups such as the wastewaters 

from molasses-based distilleries rich in organic matter and produced in large volumes, wastewater from large 

number of pharmaceutical industries with recalcitrant pollutants, waste plant biomass (agriculture residue) 

which is burnt at this moment, etc. 

6. We still face many problems concerning the efficiency and installation costs. Mainly, these costs are related to 

the proton exchange membrane production, since it’s highly used NAFION as a PEM. In some new 

researches, it was possible to see new membranes being developed with better properties and less cost per 

energy generated. But still, the efficiency isn’t great yet and still it isn’t viable to do large scale production. 

7. MFC can be scaled-up to produce more power; it can also be categorized as a safe waste disposal technology 

where multiple problems are solved simultaneously. It can also be used as a biosensor (medical device) for 

detecting certain biological molecule. 

8. While low current density and long-time of operation is its biggest drawbacks. Many scientists are working on 

suitable 

9. MFC design to increase the current density. It’s been believed that MFC will be one of the main sources of 

electricity generation and wastewater treatment technology in future. 

10. Another development in the field of utilizing microbial fuel cells is that we can think of power our house with 

sewage or can charge our pacemaker with household sewage rather than using conventional source of energy 

as it is not only eco-friendly but also can increase GDP or gross domestic production of a nation. As the whole 

world is depended on conventional source of energy this field is emerging to be a reusable, nonconventional 

and renewable and bio friendly source of energy 
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11. While low current density and long-time of operation is its biggest drawbacks. Many scientists are working on 

suitable 

12. MFC design to increase the current density. It’s been believed that MFC will be one of the main sources of 

electricity generation and wastewater treatment technology in future. 

13. Another development in the field of utilizing microbial fuel cells is that we can think of power our house with 

sewage or can charge our pacemaker with household sewage rather than using conventional source of energy 

as it is not only eco-friendly but also can increase GDP or gross domestic production of a nation. As the whole 

world is depended on conventional source of energy this field is emerging to be a reusable, nonconventional 

and renewable and bio friendly source of energy. 

 

Societal Relevance 

The simulation of a two-stage solar grid-connected PV system has significant societal relevance, as it can provide clean 

and renewable energy to households, businesses, and communities. 

1. Firstly, such a system can help reduce dependence on traditional fossil fuels, which are major contributors to 

air pollution and climate change. By using solar energy, which is clean and renewable, the system can 

significantly reduce the carbon footprint of the community, leading to a cleaner and healthier environment. 

2. Secondly, the two-stage solar grid-connected PV system can also help increase energy independence and 

security. With the ability to generate electricity locally, communities can reduce their reliance on centralized 

power grids, which are vulnerable to outages and disruptions. In the event of a natural disaster or other 

emergency, the system can continue to provide power to critical infrastructure, such as hospitals and 

emergency response centers. 

3. Thirdly, the use of solar energy can also help create local jobs and stimulate economic growth. The installation 

and maintenance of the system require skilled labor, which can create employment opportunities for local 

communities. Moreover, the cost savings resulting from the use of solar energy can be reinvested into the local 

economy, leading to increased economic activity and development. 

Overall, the simulation of a two-stage solar grid-connected PV system has significant societal relevance, as it can help 

reduce carbon emissions, increase energy independence and security, and stimulate economic growth. By promoting the 

adoption of clean and renewable energy sources, we can create a sustainable future for ourselves and future generation. 
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