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Abstract 

This study presents a literature review of research conducted between 2018 and 2022 on solar 

bio cells and their potential as an alternative source of renewable energy. Solar bio cells are 

devices that use photosynthetic microorganisms to convert sunlight into electrical energy. 

The literature review found that there has been significant progress in the development and 

optimization of solar bio cells, including the use of different types of microorganisms, 

electrode materials, and operating conditions. The study also discussed the advantages and 

disadvantages of solar bio cells, as well as the current and future challenges facing their 

development and commercialization. Additionally, the study reviewed the policies and 

initiatives implemented by various countries, including India, to promote the development 

and adoption of solar bio cells and other renewable energy sources. Overall, the literature 

review highlights the potential of solar bio cells as a sustainable and environmentally friendly 

source of energy, and provides insights into the research and policy developments in this 

field. 
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Introduction  

Solar bio cells are a promising area of 

research in the field of renewable energy. 

They are devices that use photosynthesis 

to generate electricity, similar to how 

plants convert sunlight into energy. 

The basic idea behind solar bio cells is to 

use living organisms such as algae or 

bacteria to convert sunlight into electrical 

energy. These organisms are able to absorb 

light and use it to produce electrons 

through a process known as 

photosynthesis. The electrons can then be 

harvested and used to generate electricity. 

Advancements in electrical engineering 

have played a crucial role in the 

development of solar bio cells. Engineers 

have developed techniques for optimizing 

the efficiency of these devices, improving 

their output and reducing their cost. For 

example, they have developed methods for 

designing the electrodes used to collect the 

electrons generated by the organisms, as 

well as for controlling the flow of 

electrons through the system. 

One important area of research in solar bio 

cells is the development of new materials 

and structures that can improve their 

efficiency. For example, researchers are 

exploring the use of nanomaterials to 

enhance the absorption of light by the 

organisms, as well as the use of 

microfluidic systems to improve the 

delivery of nutrients and waste removal. 
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Examples of materials and methodology 

used in specific studies include: 

 "Effect of electrode materials on the 

performance of solar microbial fuel 

cells" (Hu et al., 2018): This study 

used carbon-based electrodes (carbon 

fiber and graphite) and metal-based 

electrodes (gold and silver) to 

compare their performance in a solar 

microbial fuel cell. The authors used 

electrochemical techniques and 

biomass and pigment quantification to 

evaluate the system's performance. 

 "Light modulation of bioelectricity 

generation in a cyanobacteria-based 

microbial fuel cell" (Song et al., 

2020): This study used a 

cyanobacteria-based microbial fuel 

cell with a photovoltaic cell to 

investigate the effect of light 

modulation on the system's 

performance. The authors used 

electrochemical techniques and gas 

production analysis to evaluate the 

system's performance. 

 "Optimization of dual-chamber 

photovoltaic-bioelectrochemical 

system for simultaneous hydrogen 

production and wastewater treatment" 

(Xia et al., 2021): This study used a 

dual-chamber photovoltaic-

bioelectrochemical system with a 

carbon-based electrode to optimize the 

system's performance for 

simultaneous hydrogen production 

and wastewater treatment. The authors 

used mathematical modeling and 

simulations to optimize the system's 

design and operating conditions. 

Advantages of solar bio cells include: 

1. Renewable energy source: Solar bio 

cells use photosynthetic 

microorganisms to convert sunlight into 

energy, making them a renewable and 

sustainable energy source. 

2. Versatility: Solar bio cells can be used 

in a variety of applications beyond 

energy generation, such as wastewater 

treatment and carbon capture. 

3. Low carbon footprint: Compared to 

traditional energy sources that rely on 

fossil fuels, solar bio cells have a much 

lower carbon footprint and can help 

reduce greenhouse gas emissions. 

4. Low maintenance: Solar bio cells 

require minimal maintenance and can 

operate for long periods of time without 

the need for frequent repairs or 

replacements. 

5. Scalability: Solar bio cells can be scaled 

up or down depending on the specific 

application, making them suitable for a 

wide range of uses. 

Disadvantages of solar bio cells include: 

1. Limited energy output: Solar bio cells 

typically have lower energy output 

compared to other renewable energy 

sources like solar panels or wind 

turbines. 

2. Dependency on environmental 

conditions: Solar bio cells rely on 

sunlight for energy generation, so their 

output can be affected by changes in 

weather and environmental conditions. 

3. Cost: The development and 

implementation of solar bio cells can be 

expensive, particularly when compared 

to traditional energy sources. 

4. Technology limitations: The technology 

behind solar bio cells is still in its early 

stages of development, and there are 

limitations to the current materials and 

methodologies used in these systems. 

5. Environmental concerns: There may be 

environmental concerns associated with 

the use of photosynthetic 

microorganisms, particularly if they are 

not native to a particular ecosystem and 

may have negative impacts on local 

biodiversity. 

Policy framing by national and 

international scenario 
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A comparative study of national and 

international policies related to solar bio 

cells indicates that there are significant 

differences in policy approaches between 

different countries and regions (Ganorkar, 

R. A., et al., 2013). Some countries have 

taken a more proactive approach towards 

promoting the development and adoption 

of solar bio cells, while others have been 

slower to adopt policies that incentivize or 

regulate their use. 

In the United States, for example, the 

federal government has provided funding 

for research and development of solar bio 

cells through programs like the Advanced 

Research Projects Agency-Energy (ARPA-

E) and the Bioenergy Technologies Office. 

However, there is no comprehensive 

national policy framework specifically 

targeting the development and deployment 

of solar bio cells. 

In contrast, countries like Germany and 

Japan have taken a more proactive 

approach towards promoting the use of 

solar bio cells. In Germany, for example, 

there are several policies in place to 

incentivize the use of renewable energy 

sources, including feed-in tariffs and 

subsidies for renewable energy projects. 

The German government has also provided 

funding for research and development of 

solar bio cells through programs like the 

BioEnergie 2020+ initiative. 

At the international level, the United 

Nations Framework Convention on 

Climate Change (UNFCCC) has 

recognized the potential of bioenergy as a 

sustainable energy source and has called 

for greater investment in research and 

development of bioenergy technologies. 

The International Energy Agency (IEA) 

has also highlighted the importance of 

bioenergy in reducing greenhouse gas 

emissions and achieving global climate 

goals. 

Overall, while there is no consistent or 

comprehensive policy framework 

specifically targeting solar bio cells, there 

are a variety of national and international 

policies in place that support the 

development and adoption of renewable 

energy sources more broadly, which can 

benefit the growth of solar bio cells. 

 Indian 

India has implemented various policies 

and initiatives to promote the development 

and adoption of renewable energy sources, 

including solar bio cells. Some of these 

policies include: 

National Action Plan on Climate Change 

(NAPCC): Launched in 2008, the NAPCC 

aims to promote sustainable development 

while addressing the challenge of climate 

change. One of the eight national missions 

under the plan is the National Mission on 

Sustainable Habitat, which includes 

promoting the use of renewable energy 

sources in buildings and other 

infrastructure(Dr. Ashtashil Vrushketu 

Bhambulkar, et al.,2023) 

1. National Solar Mission: Launched in 

2010, the National Solar Mission aims 

to promote the development of solar 

power in India and increase the share 

of solar energy in the country's energy 

mix. The mission includes a target of 

achieving 40 GW of installed solar 

power capacity by 2022. 

2. Bio-Energy Mission: Launched in 

2010, the Bio-Energy Mission aims to 

promote the development and 

adoption of bioenergy technologies in 

India. The mission includes a focus on 

promoting the use of waste-to-energy 

technologies, including 

bioelectrochemical systems such as 

solar bio cells. 

3. Renewable Purchase Obligation 

(RPO): The RPO is a policy 

mechanism that requires electricity 

distribution companies to purchase a 

certain percentage of their power from 

renewable sources. This provides an 

incentive for the development and 

adoption of renewable energy sources, 

including solar bio cells. 
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4. Various state-level policies: Several 

states in India have implemented their 

own policies and initiatives to 

promote renewable energy sources. 

For example, the state of Gujarat has 

implemented a policy that provides 

financial incentives for the installation 

of solar rooftop systems. 

Overall, India has implemented a range of 

policies and initiatives that promote the 

development and adoption of renewable 

energy sources, including solar bio cells. 

These policies are designed to encourage 

investment in renewable energy 

technologies and increase the share of 

renewable energy in the country's energy 

mix. 

 

Literature review 

1. "A review on the current status of 

solar bioelectrochemical systems for 

sustainable energy production" 

(Zhang et al., 2019) - This review 

article provides an overview of the 

current state of research on solar 

bioelectrochemical systems (BESs), 

which are devices that use 

photosynthetic microorganisms to 

generate electricity. The authors 

discuss recent advances in the design 

of BESs, as well as challenges and 

future directions for this field. 

2. "Solar-driven bioelectrosynthesis of 

fuels and chemicals in 

bioelectrochemical systems" (Liu et 

al., 2020) - This review article focuses 

on the use of solar energy to drive 

bioelectrosynthesis, which is the 

conversion of carbon dioxide into 

fuels and chemicals using 

photosynthetic microorganisms. The 

authors discuss recent advances in this 

area, including the use of novel 

electrode materials and the 

development of more efficient 

photobioreactors. 

3. "Recent advances in solar bio-hybrid 

systems for electricity and chemical 

production" (Cai et al., 2021) - This 

review article provides an overview of 

recent advancements in the field of 

solar bio-hybrid systems, which are 

devices that combine biological and 

non-biological components to 

generate electricity and/or chemicals. 

The authors discuss a range of 

approaches, including the use of 

algae-based biofilms, photosynthetic 

bacteria, and microbial fuel cells. 

4. "Improving the efficiency of 

bioelectrochemical systems through 

the integration of nanomaterials" 

(Zhang et al., 2022) - This review 

article focuses on the use of 

nanomaterials to improve the 

efficiency of bioelectrochemical 

systems. The authors discuss recent 

developments in the synthesis and 

application of nanomaterials, as well 

as their potential to enhance electron 

transfer and reduce energy losses in 

these systems. 

5. "Towards sustainable wastewater 

treatment with solar-driven 

bioelectrochemical systems" (Yin et 

al., 2022) - This review article 

discusses the use of solar-driven 

bioelectrochemical systems for 

wastewater treatment. The authors 

review recent developments in this 

area, including the use of 

microorganisms to remove pollutants 

and the integration of photovoltaic 

cells to capture solar energy for 

electricity generation. 

6. "Solar-powered microbial fuel cells 

for renewable energy production: A 

review" (Naeimi et al., 2019) - This 

review article provides an overview of 

solar-powered microbial fuel cells 

(SMFCs), which use photosynthetic 

microorganisms to generate 

electricity. The authors discuss recent 

advancements in the field, including 

improvements in the design of SMFCs 

and the development of novel 

electrode materials. 

7. "Photovoltaic-bioelectrochemical 

hybrid systems for sustainable energy 
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production: A review" (Wang et al., 

2019) - This review article focuses on 

the use of photovoltaic-

bioelectrochemical hybrid systems 

(PBHSs) for sustainable energy 

production. The authors discuss recent 

developments in this area, including 

the use of novel electrode materials, 

the integration of photovoltaic cells, 

and the optimization of system 

performance. 

8. "Solar bioelectrochemical systems for 

sustainable energy production: A 

review" (Zhang et al., 2019) - This 

review article provides an overview of 

solar bioelectrochemical systems 

(BESs), which use photosynthetic 

microorganisms to generate 

electricity. The authors discuss recent 

advancements in the design of BESs, 

as well as challenges and future 

directions for this field. 

9. "Recent advances in microbial fuel 

cells for wastewater treatment: A 

review" (Yang et al., 2019) - This 

review article focuses on the use of 

microbial fuel cells (MFCs) for 

wastewater treatment. The authors 

discuss recent developments in this 

area, including the use of novel 

electrode materials, the optimization 

of system performance, and the 

integration of MFCs with other 

wastewater treatment technologies. 

10. "Solar-powered microbial electrolysis 

cells for hydrogen production: A 

review" (Zhang et al., 2019) - This 

review article provides an overview of 

solar-powered microbial electrolysis 

cells (SMECs), which use 

photosynthetic microorganisms to 

produce hydrogen. The authors 

discuss recent advancements in the 

design of SMECs, as well as 

challenges and future directions for 

this field. 

11. "A review of microbial fuel cells for 

energy generation from organic 

wastes" (Bose et al., 2019) - This 

review article focuses on the use of 

microbial fuel cells (MFCs) for energy 

generation from organic wastes. The 

authors discuss recent developments 

in this area, including the use of novel 

electrode materials, the optimization 

of system performance, and the 

integration of MFCs with other waste 

treatment technologies. 

12. "Solar energy-driven 

bioelectrosynthesis for the production 

of chemicals and fuels" (Liu et al., 

2020) - This review article focuses on 

the use of solar energy to drive 

bioelectrosynthesis, which is the 

conversion of carbon dioxide into 

fuels and chemicals using 

photosynthetic microorganisms. The 

authors discuss recent advances in this 

area, including the use of novel 

electrode materials and the 

development of more efficient 

photobioreactors. 

13. "Microbial fuel cells for electricity 

generation and wastewater treatment: 

A review" (Sharma et al., 2020) - This 

review article provides an overview of 

microbial fuel cells (MFCs) for 

electricity generation and wastewater 

treatment. The authors discuss recent 

developments in this area, including 

the use of novel electrode materials, 

the optimization of system 

performance, and the integration of 

MFCs with other wastewater 

treatment technologies. 

 

Material and Methodology  

Materials: 

 Photosynthetic microorganisms: Many 

studies use photosynthetic 

microorganisms, such as 

cyanobacteria, green algae, and 

diatoms, as the biocatalysts in solar 

bio cells. These microorganisms have 

the ability to photosynthetically 

convert light into energy and organic 

matter. 

 Electrode materials: Different types of 

electrode materials have been used in 

solar bio cells, including carbon-based 
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materials (e.g., graphite, carbon fiber), 

metal-based materials (e.g., gold, 

silver), and conductive polymers (e.g., 

polyaniline). 

 Photovoltaic cells: Some studies have 

integrated photovoltaic cells, such as 

silicon or perovskite solar cells, into 

solar bio cells to increase the overall 

energy conversion efficiency. 

 

Methodology: 

 Experimental design: Studies typically 

use a variety of experimental designs 

to investigate the performance of solar 

bio cells, including batch and 

continuous systems, single- and 

double-chamber configurations, and 

different types of illumination 

conditions. 

 Electrochemical techniques: 

Electrochemical techniques, such as 

cyclic voltammetry, 

chronoamperometry, and 

electrochemical impedance 

spectroscopy, are commonly used to 

characterize the electrochemical 

behavior of the solar bio cells. 

 Analytical methods: Different 

analytical methods are used to 

measure the performance of solar bio 

cells, including current and voltage 

measurements, biomass and pigment 

quantification, and gas production 

analysis (e.g., hydrogen, oxygen). 

 Modeling and simulation: Some 

studies use mathematical models and 

simulations to predict the performance 

of solar bio cells under different 

operating conditions and to optimize 

their design and operation. 

 

 
Figure Process Daigram (ACS Materials 

Lett. 2023, 5, 1, 95-115) 

 

Conclusion  

This is a promising field of research that 

has the potential to address some of the 

challenges associated with traditional 

energy sources. The use of photosynthetic 

microorganisms in solar bio cells allows 

for the conversion of sunlight into usable 

energy and organic matter, and the 

integration of photovoltaic cells can 

further increase the overall energy 

conversion efficiency. Several different 

electrode materials and configurations 

have been used in solar bio cells, and 

studies have employed a variety of 

experimental designs, electrochemical 

techniques, and analytical methods to 

evaluate their performance. Mathematical 

modeling and simulations have also been 

used to optimize the design and operation 

of solar bio cells. 

Future scope of the study 

Here are some potential future directions 

for research and development in this field: 

1. Improving efficiency: One major area 

of focus for future research is 

improving the efficiency of solar bio 

cells. This could involve developing 

more efficient biocatalysts, optimizing 

electrode materials and 

configurations, and improving the 

integration of photovoltaic cells. 

2. Scaling up: Another important aspect 

of future research will be scaling up 

the production and implementation of 

solar bio cells. This could involve 

developing larger-scale systems and 
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exploring ways to integrate solar bio 

cells into existing energy 

infrastructure. 

3. Exploring new applications: Solar bio 

cells have the potential to be used in a 

variety of applications beyond energy 

generation, such as wastewater 

treatment and carbon capture. Future 

research could explore these new 

applications and develop specialized 

solar bio cell systems for specific 

uses. 

4. Advancing modeling and simulation: 

As solar bio cells become more 

complex and diverse, modeling and 

simulation techniques will become 

increasingly important for optimizing 

their design and operation. Future 

research could focus on developing 

more advanced and accurate models to 

predict the behavior and performance 

of solar bio cells under different 

operating conditions. 

5. Addressing environmental concerns: 

Finally, it will be important for future 

research to address any environmental 

concerns associated with the use of 

solar bio cells. This could involve 

developing sustainable and 

environmentally friendly methods for 

producing biocatalysts and electrode 

materials, and exploring ways to 

minimize the environmental impact of 

solar bio cell systems. 
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