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                                              CHAPTER 1     

                                          INTRODUCTION 

The algae smart bio panel is a revolutionary technology that uses photosynthetic algae to 

generate renewable energy in a sustainable way. The bio panel is a flat panel consisting of 

layers of glass, with algae and other microorganisms embedded in a gel-like substance 

between the layers. The panel is designed to be placed in sunlight, where the algae can absorb 

light and use it to convert carbon dioxide and water into oxygen and organic compounds, 

which can then be harvested for energy production. The algae smart bio panel has a wide 

range of potential applications, including in agriculture, architecture, and transportation. For 

example, the technology could be used to power electric vehicles, or incorporated into 

building facades to generate electricity for lighting and climate control. Additionally, the bio 

panel could be used in agricultural settings to produce food and energy simultaneously, while 

also mitigating greenhouse gas emissions. Continued human population growth and CO2-

related changes in climate have increased the interest in developing renewable and 

sustainable sources of food, energy, and valuable bio-based chemicals. Microalgae are a 

promising technology in this regard as they have evolved to tap into the enormous solar 

energy resource available to mankind and convert the same into sustainable and environment 

friendly renewable energy, high-value products, and effective CO2 bioremediation. Large 

amounts of micro algal biomass must be produced to make the process economically feasible 

and this is an essential requirement for meeting large scale demand. Microalgae have 

emerged as a promising technology for addressing challenges like the increase in CO₂ 

emissions due to population growth and the rising demand for energy. This is because of their 

ability to convert sunlight and CO₂ into biomass and other valuable compounds, including 

biofuels and food supplements. Microalgae have evolved to utilize the vast solar energy 

resources available on Earth and can convert this energy into a range of useful products, 

including biomass, biofuels, animal feed, and human food supplements. This makes 

microalgae a potential solution for meeting the increasing demand for food, energy, and other 

resources, while also addressing the need for sustainable and environmentally friendly 

production methods. The use of microalgae as a sustainable source of renewable energy and 

biofuels has garnered significant attention in recent years. One of the advantages of 

microalgae is their ability to accumulate high levels of lipids, making them a promising 

feedstock for biofuel production. Moreover, microalgae can be cultivated on non-arable land 
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and grown using alternative water sources such as seawater, which further enhances their 

potential as a sustainable and environmentally friendly energy source. By utilizing a closed 

system, a wider range of microalgae species can be cultivated successfully, thereby 

expanding the range of potential products that can be obtained. Algae are a type of organism 

that resemble plants, possess Chlorophyll a, undergo oxygenic photosynthesis, and lack 

specialized organelles. Algae encompass a diverse group of organisms, including both 

prokaryotic and eukaryotic species, and exhibit a wide range of sizes and structures. They can 

range from unicellular microalgae, which are less than 1μm in size, to multicellular 

microalgae that can reach lengths of up to 60 m. Algae are capable of surviving in a variety 

of aquatic and moist environments, including marine and freshwater habitats, as well as in 

soils, salt lakes, and hot springs. Several microalgae species have been identified as potential 

candidates for large-scale cultivation, but there is still a lack of conclusive information 

obtained through commercial trials to assess the suitability of most of these species. The ideal 

microalga for large-scale cultivation should be capable of growing well even under high 

biomass concentrations and varying environmental conditions. Moreover, it should have the 

ability to produce a high concentration of the desired products, including high-value 

compounds, lipids, and hydrocarbons. Compared to first- and second-generation biofuels, 

phototrophic microalgae represent a third-generation biofuel with significantly higher 

productivity in terms of both biomass and oil content. For instance, open pond cultivation of 

microalgae can yield up to 73 tons of biomass per hectare per year, with oil content ranging 

from 25–40%. Various technologies have been developed for fixing carbon dioxide, which 

contributes to global warming. Biological fixation using photosynthetic microalgae cultured 

on a large scale is a promising method. In this method, carbon should be either wholly stored 

in the algal biomass or substituted for fossil fuel. Algal biomass can be degraded to carbon 

dioxide or methane, which is then released into the atmosphere. Substituting algal biomass 

for fossil fuel also reduces carbon dioxide release from fossil fuel. Botryococcus braunii is a 

suitable organism for this purpose. This colony-forming green microalga is capable of 

producing and accumulating hydrocarbons amounting to 30–70% of its dry weight, making it 

a prime candidate for biological carbon dioxide fixation and the production of liquid fuel. It is 

essential to select multiple microalgae species capable of thriving within a broad range of 

salinity levels. These species should be carefully assessed based on their salinity tolerance, 

commercial applications, and potential advantages throughout the cultivation process. 
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1.1 Microalgae Fuels Production Process: 

Growing suspended in water, microalgae cells have efficient access to carbon dioxide, water, 

and nutrients, making them more effective at converting solar energy into chemical energy. 

Due to their high oil content, microalgae serve as an ideal feedstock for renewable fuels, 

including biodiesel, biogas, bioethanol, and bio-oil. The carbohydrates contained within the 

microalgae cells are used to produce bioethanol, while the oil is used for biodiesel 

production, and the remaining biomass can be utilized directly in the generation of methane 

or bio-oil. As shown in Figure 1, the biofuel production process can be broadly divided into 

three stages: the upstream process (cultivation), the midstream process (harvesting of 

microalgae biomass), and the downstream process (biofuel production). Various cultivation 

systems can be used for autotrophic and mixed cultivation of microalgae, mainly categorized 

into open systems (such as raceway ponds) and closed systems (such as photo bioreactors). 

Harvesting refers to the process of concentrating the microalgae medium, which increases the 

efficiency of biomass conversion. The oil extracted from microalgae is converted into 

biodiesel through a chemical reaction known as trans esterification. Since the viscosity of raw 

microalgae oil is higher than that of conventional petroleum diesel, this process is necessary 

to reduce its viscosity and improve fluidity, making it suitable for use in diesel engines. The 

cellulose, sugar, or starch present in the microalgae biomass can be converted into bioethanol 

through fermentation processes. Additionally, biomass with high moisture content can be 

directly converted into biogas without undergoing a drying step. This is achieved through a 

sequence of stages: (1) hydrolysis, (2) fermentation, (3) acetogenesis, and (4) 

methanogenesis. Another method of conversion involves the use of pyrolysis to transform 

algae biomass into bio-oil. Pyrolysis is one of the most widely studied thermochemical 

conversion processes and offers flexibility in processing various types of biomass. Based on 

the processing conditions, pyrolysis can be classified into three main types: (1) conventional 

pyrolysis, (2) fast pyrolysis, and (3) flash pyrolysis.  
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Fig.1.1. Production process for microalgae fuels. 

1.2 Cultivation: 

The cultivation process of microalgae is one of the key factors affecting the biomass yield. 

The cultivation methods of microalgae mainly include heterotrophic cultivation and 

autotrophic cultivation, and some microalgae species can also be cultivated in a mixed way. It 

is reported that photo-autotrophic cultivation is the most efficient microalgae cultivation 

method, which can maximize the photosynthesis rate and the cellular oil content. The main 

influencing factors in the cultivation process are light, temperature, nutrition, pH, and so on. 

The common cultivation systems include the open pond or open raceway pond system, flat-

panel photo bioreactor, tubular photo bioreactor, column photo bioreactor, plastic bag photo 

bioreactor, and so on., the main energy-consuming parts of the cultivation process include the 

mixing and circulation of the medium, pumping of CO2 and nutrients, pumping of cooling 

water, and replenishment of evaporating water loss. For water cooling, several options such 

as the passive evaporative cooling system, direct immersion into thermo regulated pools, use 

of heat exchangers, dark sheet shading of photo bioreactors, and placement in greenhouses 

are consider red. Different cooling strategies usually require a different amount of energy 

input, making it a primary component of energy consumption. Sometimes, additional heat 

and light are needed in cultivation. 

1.2.1 Open Ponds System: 

Since open ponds have the advantages of simple construction and low cost, most microalgae 

cultivation has been produced in open ponds irradiated by natural light in the past 60 years. 
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Circular or raceways are two common designs for open ponds. Generally, open ponds are 

designed as shallow ponds with a depth of about 0.3 m to ensure that a large number of 

microalgae can receive enough radiation to get a high growth rate. In open ponds, pumps or 

paddle wheels are used as the driving force to circulate culture medium, which are the 

primary energy-consuming parts in cultivation. However, the efficiency of electric energy for 

the paddle wheel is generally low, only reaching about 10% - 20% of electric energy input. 

By improving the efficiency of the paddle wheel, it expected to improve the energy 

utilization efficiency in the cultivation process  

 

Fig.1.2. The main energy consuming parts of the cultivation process. 

 

1.2.2 Tubular Photo bioreactors (PBRs): 

Tubular PBRs are among the most commonly used types of photo bioreactors, typically 

consisting of cultivation tubes, a degassing column, and a pump system. As illustrated in 

Figure 3, the microalgae culture flows from the degassing column into the tubes, circulates 

through the system, and returns to the degassing column. This closed-loop circulation is 

driven by pumps and supports continuous mixing, gas exchange, and nutrient distribution. 

Due to their large surface area exposed to light, tubular PBRs are highly efficient in utilizing 

solar radiation while maintaining good environmental control. However, the primary energy-

consuming operations in this system include culture mixing, circulation, and gas pumping. 

One challenge with tubular PBRs is bio fouling microalgae cells tend to adhere to the inner 
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walls of the tubes. This adhesion reduces light transmittance, increases the resistance to flow, 

and leads to higher energy consumption during cultivation. Several methods have been 

adopted to mitigate these issues, such as increasing the flow rate of the culture, expanding the 

inner diameter of the tubes to reduce shear, and incorporating automatic cleaning systems. 

Maintaining optimal temperature is also essential, as most microalgae species grow best 

between 20°C and 30°C. Since direct sunlight can cause overheating in the PBRs, 

temperature regulation systems such as sensors connected to external heat exchangers are 

used to maintain stable conditions. 

 

Fig.1.3. Schematics of a tubular PBR. 

1.2.3. Column PBR’S: 

Column PBR systems can be divided into two types: bubble column PBRs and airlift column 

PBRs.column PBRs includes a separation column type, a coaxial tube type, an external 

circulation type, and a separation type. Regarding airlift column PBRs, they are composed of 

an ascending zone and a descending zone. The gas enters the PBRs through the bottom of the 

ascending zone, which makes the culture medium at the bottom of the PBRs contain a large 

amount of gas, thus making it of low density. Due to the influence of gravity, the gas at the 

bottom will automatically rise and dissipate from the exhaust port. After the gas is dissipated, 

the gas content in the microalgae culture medium decreases and the density increases. At this 
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time, the gas will return from the descending zone to the bottom of the ascending zone, thus 

forming a cycle. 

 

                                              Fig.1.4. Pump circulation PBR 

 

 

 

 

 

                                                      Fig.1.5. Airlift PBR 

 

 

 

 

 

Fig.1.6. Several kinds of airlift column PBRs: (a) separation column type, (b) coaxial tube 

type, (c) external circulation type, and (d) separation type. 
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1.2.4 Hybrid Cultivation: 

Although the investment required for open pond systems is lower than that of closed photo 

bioreactor (PBR) systems, open ponds are more susceptible to contamination by bacteria and 

protozoa. In contrast, closed PBRs offer better protection against such contamination due to 

their sealed environment but involve higher costs due to their complex design, construction, 

and operation. To balance cost-efficiency and contamination control, a hybrid cultivation 

system combining both open and closed systems is recommended to enhance overall biomass 

productivity and reduce operational costs. 

In this two-stage hybrid cultivation process, the first stage involves the production of stable 

and robust microalgae inoculums in a closed PBR. This setup ensures better control over 

environmental conditions and minimizes contamination by exogenous microorganisms. Once 

a sufficient amount of healthy inoculum is produced, the second stage involves transferring 

the culture to an open pond system for large-scale cultivation. This approach leverages the 

cost-effectiveness of open ponds while maintaining the quality control of closed systems in 

the initial phase. The hybrid method effectively combines the strengths of both systems and is 

considered a practical and reliable strategy for achieving large-scale, efficient, and 

economically viable microalgae cultivation. 

1.3 Need of Smart Algae Bio-Panel: 

1. To reduce our reliance on fossil fuels. Fossil fuels are a finite resource, and they are also a 

major source of greenhouse gas emissions.  

2. Algae bio panels can produce biofuel, which is a renewable and sustainable alternative to 

fossil fuels. To provide a source of clean energy.  

3. This is a clean and renewable source of energy that does not produce any greenhouse gas 

emissions.  

4. Algae bio panels can remove carbon dioxide and other pollutants from the air and water. 

This can help to improve air and water quality.  

5. Algae biomass can be used for a variety of purposes, including animal feed, fertilizer, and 

the production of biofuels and other products. 
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1.4 Problem Identification: 

The world is facing major issues associated with the reliance on fossil fuels for energy 

supply, including rising prices, greenhouse gas emissions, and the risk of depletion. Various 

technologies have been developed for fixing carbon dioxide, which contributes to global 

warming. Biological fixation using photosynthetic microalgae cultured on a large scale is a 

promising method. In this method, carbon should be either wholly stored in the algal biomass 

or substituted for fossil fuel. Algal biomass can be degraded to carbon dioxide or methane, 

which is released to the atmosphere. The use of microalgae as a sustainable source of 

renewable energy and biofuels has garnered significant attention in recent years. One of the 

advantages of microalgae is their ability to accumulate high levels of lipids, making them a 

promising feedstock for biofuel production. Moreover, microalgae can be cultivated on non-

arable land and can be grown using alternative water sources such as seawater, which further 

enhances their potential as a sustainable and environmentally friendly energy source. 

Algae-based electricity generation is becoming increasingly important due to several reasons. 

Firstly, an algae is a renewable source of energy that can be grown and harvested indefinitely. 

Secondly, it is a carbon-neutral option, which means that it does not produce carbon dioxide 

emissions that contribute to climate change. Additionally, an algae is an abundant source of 

biomass that can be grown in large quantities even in areas with limited land resources. This 

makes it a highly feasible option for regions where other forms of renewable energy may not 

be practical. Furthermore, algae-based electricity generation has the potential to produce co-

products such as biofuels, food, and feed. Lastly, the development of this technology presents 

an opportunity for research and development in the fields of biotechnology, bioengineering, 

and energy production, which could lead to new innovations and breakthrough in these fields. 

There is a need of the system that will generate the energy without using any external source 

of energy. Developing the technology to generate electricity from algae could create new jobs 

in the renewable energy sector, and help to stimulate economic growth. 
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1.5 Objective: 

1. Development of a smart algae bio panel and its growth forecasting using machine 

learning algorithms. 

2. To generate the electricity and oxygen by use of photosynthesis process and 

simultaneously CO2 scrubbing from atmospheric air and also produce biomass. 

3. To ensure that the machine learning algorithm will predict precise forecasting of 

algae growth. 

4. To perform test on various species of algae to analyse which species gives better 

result. 

 

1.6 Scope of Work: 

1. The algae panel can be used as facades in the building that will act as natural shading 

for the building also it will control the environmental conditions of the building. 

2. This system can be used for generation of bio fuel effectively there is a large scope of 

work in various species of algae. 

3. In India and as well as in foreign countries there is a lot of research is going on the 

generation of electricity and also still research is going on the getting more voltage by 

this panel. 

4. In rural areas this will help people to create business opportunities so for that there is 

need to work on simpler construction and provide them cost effective solution. 
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1.7 Process Flowchart: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1.7. Process flowchart 

 

The algae are the plants which generate the hydrogen, oxygen, and electrons during the 

photosynthesis process. These electrons move from low energy level to high energy level 

they are captured by proteins to from carbohydrates, if they are intercepted by suitable means 

then the electricity will be generated by using the aluminium as a anode and carbon as 

cathode the use of series connection will increase the voltage at the output. our solution is a 

algae panel where the algae is cultivated in the multiple compartments where their growth is 

continuously monitored by using the ML algorithm as well as electricity is also generated. 

When there is a complete growth of the algae then it is possible to extract biofuel from it by 

trans esterification process. In the process of trans esterification initially the bio-oil is 

produced from the algae by using the N-Hexane and then the biofuel is extracted from that oil 

by adding the Methanol and NaOH.  
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The biofuel produced having the properties comparable to the diesel so it is used as a blend in 

diesel engine in the ratio of 80% of diesel and 20% of biofuel. According to our 

experimentation results from 5 kg of algae we extracted 3.3 Lit of biofuel. Also, the by-

products of this reaction are glycerol, water, and salt they are used for the making fertilizers. 

The algae are the plants which have very high growth and they release oxygen in the 

environment so they are also helpful for maintaining environmental balance. There are lots of 

species of algae but according to the research the spirulina species have faster growth and 

good ability to produce electricity. We are using machine learning algorithm to predict the 

growth of the algae, temperature, humidity, sun rays on algae tube. The dataset required to 

implementing ML is prepared in which we are including the change in mass of the algae per 

day. This panel is also works as a CO2 scrubber. 

1.7.1 Chapter Closure Statement: 

Algae bio panels are a promising technology for the sustainable production of biofuel, 

electricity, and biomass. However, algae growth is complex and can be affected by a variety 

of factors, such as temperature, light intensity, pH, nutrient levels, and contamination. This 

makes it difficult to optimize algae growth and maximize yields.ML can be used to forecast 

algae growth in smart algae bio panels by identifying patterns in the data that are associated 

with algae growth.  
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                                                       CHAPTER 2 

                                          LITERATURE  REVIEW 

2.1 National Status Review: 

Sr.No Name Title of Paper Year Work 

1 S. 

Choudhary 

et.al.[1] 

Machine 

learning for 

algae growth 

prediction: An 

overview of 

recent research 

2020 
The authors reported the recent 

research on the use of machine 

learning techniques for predicting 

algae growth. The paper discusses 

the importance of predicting algae 

growth for the optimization of 

algae cultivation, which is essential 

for the production of bio-fuels, 

food, and other valuable products. 

The paper reviews recent studies 

that have used machine learning 

techniques, such as artificial neural 

networks, support vector machines, 

and random forests, to predict 

algae growth based on various 

environmental factors, such as 

light, temperature, and nutrient 

concentrations. The paper also 

discusses the challenges and 

limitations of using machine 

learning for algae growth 

prediction, such as the need for 

large and high-quality datasets and 

the difficulty of interpreting 

complex machine learning models. 
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2 
S. Singh 

et.al. [2] 

 

Harnessing the 

Photosynthetic 

Ability of 

Microalgae for 

Bioenergy 

Production and 

Pollution 

Control. 

2019 
The authors reported the potential 

of microalgae as a source of bio-

energy and a tool for pollution 

control. The paper reviews the 

literature on the use of microalgae 

for the production of bio-fuels, 

such as biodiesel and bio-ethanol, 

as well as for the generation of 

electricity in microbial fuel cells. 

The paper also discusses the 

potential of microalgae for carbon 

capture and utilization, as well as 

for the removal of nutrients and 

pollutants from wastewater. The 

paper highlights the advantages of 

using microalgae, such as their 

high growth rates, ability to grow 

in diverse environments, and 

ability to utilize various types of 

organic and inorganic carbon 

sources. 

3 T.S. Bhatia 

et.al.[3] 

Smart Algae Bio 

panels: A 

Potential 

Solution for 

Biofuel 

Production and 

Carbon Capture 

2018 

The authors discussed the potential 

of smart algae bio panels for bio-

fuel production and carbon capture. 

Smart algae bio panels are a type of 

photo bioreactor that uses artificial 

intelligence and automation to 

optimize the growth conditions of 

microalgae and maximize their 

productivity. The paper discusses 

the advantages of using smart algae 

bio panels, such as their ability to 
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produce high yields of bio-fuels 

and capture large amounts of 

carbon dioxide, as well as their 

potential for integration with other 

renewable energy systems, such as 

wind and solar. The paper also 

discusses the challenges and 

limitations of using smart algae bio 

panels, such as the need for large-

scale implementation and the high 

cost of the technology. 

4 R. Singh 

et.al.[4] 

Use of photo 

bioreactors to 

optimize light 

and nutrient 

delivery, and the 

use of 3D 

printing to 

create complex 

structures for 

algae growth 

2017 

The authors discuss the use of 

photo bioreactors for the 

cultivation of microalgae and the 

optimization of light and nutrient 

delivery. Photo bioreactors are 

closed systems that allow for 

precise control of environmental 

conditions, such as light intensity 

and nutrient concentrations, which 

can improve microalgae growth 

and productivity. The paper also 

discusses the use of 3D printing 

technology to create complex 

structures for microalgae growth, 

such as spiral-shaped photo 

bioreactors that can increase light 

exposure and nutrient delivery to 

the microalgae. The paper 

highlights the potential benefits of 

these technologies for the 

production of bio-fuels and other 

valuable products from microalgae. 
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5 Vasudevan 

et.al.[5] 

The use of 

Support Vector 

Machine (SVM) 

machine 

learning for 

predicting 

microalgal 

growth in photo 

bioreactors. 

2019 

The authors discusses the use of 

support vector machine (SVM) 

machine learning for predicting 

micro algal growth in photo 

bioreactors. SVM is a type of 

supervised learning algorithm that 

can be used to analyze large 

amounts of data and predict 

outcomes. The paper describes the 

development of a SVM-based 

model for predicting micro algal 

growth in photo bioreactors based 

on input variables such as light 

intensity, temperature, pH, and 

nutrient concentrations.  
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2.2 International Status Review: 

Sr.No Name Title of Paper Year Work 

1 M. Chen 

et.al.[6] 

A Review of 

energy 

consumption 

in the 

acquisition of 

bio-feedstock 

for microalgae 

biofuel 

production 

2021 

The authors begin by discussing the 

potential of microalgae bio-fuels to 

mitigate climate change and the 

energy crisis. They then highlight 

the importance of reducing the 

energy consumption of microalgae 

bio-fuel production in order to 

make it more economically viable.  

The authors then compare the 

energy consumption of different 

cultivation systems, including open 

pond systems, photo-bioreactors 

(PBRs), and hybrid systems. They 

find that PBRs generally have 

lower energy consumption than 

open pond systems, but they are 

also more expensive to build and 

operate.  The authors also discuss 

the energy consumption of 

different harvesting methods, such 

as centrifugation, flocculation, and 

filtration. They find that filtration is 

generally the most energy-efficient 

harvesting method.  Overall, the 

authors conclude that the energy 

consumption of microalgae bio-fuel 

production can be reduced by using 

PBRs and filtration for cultivation 

and harvesting, respectively. They 
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also suggest that further research is 

needed to develop more energy-

efficient microalgae bio-fuel 

production technologies. 

2 
T 

Mathimani 

et.al.[7] 

Utilization of 

algae for 

biofuel, bio-

products and 

bio-

remediation 

2019 Algae are a promising feedstock for 

bio-fuel production, bio-product 

development, and bio-remediation 

applications. They have several 

advantages over other feed-stocks, 

such as high growth rates, the 

ability to grow in a variety of 

conditions, and the ability to absorb 

pollutants. However, there are still 

some challenges to overcome 

before algae-based technologies 

can be commercialized on a large 

scale. Algae can be used to remove 

pollutants from wastewater and 

other contaminated water bodies. 

Algae can absorb a variety of 

pollutants, including heavy metals, 

nitrates, and phosphates. Algae can 

also be used to remove carbon 

dioxide from the atmosphere, 

which can help to mitigate climate 

change. The paper concludes by 

discussing the challenges and 

opportunities for the 

commercialization of algae-based 

bio-fuels, bio-products, and bio-

remediation technologies. The 

authors argue that algae have the 

https://scholar.google.com/citations?user=hCtva6oAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=hCtva6oAAAAJ&hl=en&oi=sra
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potential to play a significant role 

in the development of a more 

sustainable future. 

3 L Barsanti 

et.al.[8] 

Is exploitation 

of microalgae 

economically 

and 

energetically 

sustainable? 

2018 The authors discuss the potential of 

microalgae to be used as a 

sustainable source of energy and 

other valuable products. They point 

out that microalgae have a number 

of advantages over other 

feedstocks, such as their high 

growth rates, ability to grow in a 

variety of conditions, and ability to 

produce a wide range of products.  

However, the authors also 

acknowledge that there are a 

number of challenges that need to 

be addressed before microalgae can 

be exploited economically and 

energetically sustainably. One of 

the biggest challenges is the high 

cost of biomass production. 

Microalgae require nutrients, water, 

and light to grow, and these inputs 

can be expensive. Additionally, the 

process of harvesting and 

processing microalgae can also be 

costly. 

4 Jia-WeiHan 

et.al.[9] 

Bio-hythane 

production 

from 

2017 

The authors provide a 

comprehensive overview of the 

current state of the art in bio-hythane 

production from microalgae 
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microalgae 

biomass: key 

challenges and 

potential 

opportunities 

for algal bio-

refineries.  

biomass. Bio-hythane is a gaseous 

fuel mixture of hydrogen and 

methane, which has a number of 

advantages over traditional fossil 

fuels, such as higher energy 

efficiency, lower emissions, and a 

renewable carbon source.  

Microalgae are a promising 

feedstock for bio-hythane production 

due to their high biomass 

productivity, rapid growth rates, and 

ability to be cultivated in a variety of 

environments. The paper discusses 

the key challenges and potential 

opportunities associated with 

microalgae-based bio-hythane 

production. The paper concludes by 

discussing the future prospects of 

microalgae-based bio-hythane 

production and its potential to 

contribute to a sustainable and 

renewable energy future.  Overall, 

the paper provides a valuable 

resource for researchers and 

practitioners working in the field of 

bio-hythane production from 

microalgae biomass. It highlights the 

key challenges and opportunities 

associated with this emerging 

technology, and provide insights into 

the future directions of research and 

development. 
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5 B. W. 

Rittmann 

et.al.[10] 

The potential 

for microalgae 

as a feedstock 

for microbial 

fuel cells 

2011 
The paper explores the potential of 

microalgae as a feedstock for 

microbial fuel cells (MFCs), which 

are a type of bio-electrochemical 

system that can generate electricity 

from organic matter. Microalgae 

are attractive as a feedstock 

because they can grow rapidly and 

have high lipid and carbohydrate 

content, which makes them a 

potentially valuable source of bio-

fuel. The paper discusses the 

challenges of using microalgae in 

MFCs, including the need to 

optimize the growth conditions of 

the algae, the difficulty of 

extracting energy-rich compounds 

from the algae, and the need to 

develop MFCs that can efficiently 

convert the energy stored in the 

algae into electricity. The paper 

concludes that while there are 

many technical challenges to be 

addressed, microalgae have 

significant potential as a feedstock 

for MFCs. 
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2.3 Chapter Closure Statement 

Overall, the literature survey presented in this chapter suggests that ML is a powerful tool 

that can be used to improve the efficiency, accuracy, and sustainability of algae bio panels. In 

addition to the benefits listed above, the implementation of ML for algae growth forecasting 

in smart algae bio panels could also lead to the development of new and innovative products 

and services. For example, ML could be used to develop real-time monitoring and control 

systems for algae bio panels, or to develop algorithms for optimizing the production of 

specific biofuels or biomass products. Overall, the implementation of ML for algae growth 

forecasting in smart algae bio panels has the potential to revolutionize the algae industry and 

make algae a more viable source of renewable energy and sustainable products. 
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                                             CHAPTER 3 

                 CONSTRUCTION AND MATERIAL SELECTION 

 

3.1 Working Of Sensors And Led Display: 

1) Infrared Sensor (Light Intensity Measurement) 

 

            • Infrared sensor detects the amount of light intensity falling on algae. 

            • Output is an analog value (0–4095) from ESP32. 

 • Higher value = stronger light; lower value = weaker light. 

Code – 

   #define IRSENSOR 34   // Analog pin for IR sensor 

  void setup() { 

  Serial.begin(115200); 

} 

void loop() { 

  int lightValue = analogRead(IRSENSOR);  // Range: 0–4095 

  Serial.print("Light Intensity: "); 

  Serial.println(lightValue); 
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  delay(1000); 

} 

 

2) DHT Sensor (Temperature & Humidity Measurement) 

 

            • DHT sensor gives real-time temperature and humidity readings. 

 • Useful for monitoring algae growth environment. 

 • Ensures optimal conditions for bio-panel efficiency. 

Code- 

#include "DHT.h" 

#define DHTPIN 4        // GPIO pin 

#define DHTTYPE DHT11   // Change to DHT22 if using that sensor 

DHT dht(DHTPIN, DHTTYPE); 

void setup() { 

  Serial.begin(115200); 

  dht.begin(); 

} 

void loop() { 
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  float h = dht.readHumidity(); 

  float t = dht.readTemperature(); 

 

  Serial.print("Temperature: "); 

  Serial.print(t); 

  Serial.print(" °C   Humidity: "); 

  Serial.print(h); 

  Serial.println(" %"); 

    delay(2000); 

} 

3) LCD Display (16x2 I2C) 

 

 

• LCD (16x2) displays real-time sensor readings. 

• Provides visual output of light intensity, temperature, and humidity. 

• Helps in easy monitoring of system conditions. 

 

Code- 

#include <Wire.h> 
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#include <LiquidCrystal_I2C.h> 

 

// LCD address 0x27 (commonly used), 16x2 size 

LiquidCrystal_I2C lcd(0x27, 16, 2); 

 

void setup() { 

  lcd.init();        // Initialize LCD 

  lcd.backlight();   // Turn on backlight 

  lcd.setCursor(0,0); 

  lcd.print("Algae Project"); 

  delay(2000); 

  lcd.clear(); 

} 

 

void loop() { 

  lcd.setCursor(0,0); 

  lcd.print("Temp: 25C"); 

  lcd.setCursor(0,1); 

  lcd.print("Light: 1200"); 

  delay(2000); 

} 
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3.2 Material Selection for Panel Tubes (Acrylic): 

a) Thermal conductivity: Acrylic is a poor conductor of heat, which means that it does 

not allow heat to pass through it easily. Its thermal conductivity typically ranges from 

0.7 to 1.3 W/mK, which is much lower than metals and some other materials. 

b) Thermal expansion: Acrylic expands when heated and contracts when cooled. Its 

coefficient of thermal expansion typically ranges from 4.5 x 10^-6 to 9 x 10^-6 K^-1, 

depending on the type of glass. 

c) Specific heat capacity: Acrylic has a relatively low specific heat capacity, which 

means that it requires less energy to heat up compared to other materials. Its specific 

heat capacity typically ranges from 670 to 840 J/kgK, depending on the type of glass. 

d) Softening point: Acrylic has a softening point, which is the temperature at which it 

starts to soften and deform under its own weight. The softening point of glass 

typically ranges from 600 to 1000°C, depending on the type of glass. 

 

 

 

 

 

 

 

 

 

    

                                                  Fig.3.1. Acrylic tubes 
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3.3. Material For Anode (Graphite): 

Graphite is an excellent material for anode for several reasons: 

a) High thermal stability: Graphite has a very high melting point (over 3,600°C) and is 

resistant to thermal shock, making it an excellent choice for use in high-temperature 

applications such as anodes.  

b) High electrical conductivity: Graphite has a very high electrical conductivity, making 

it an excellent choice for use as an anode material in many electrochemical processes.  

c) Chemical inertness: Graphite is resistant to many chemicals, including strong acids 

and bases, which makes it an ideal material for use in electrochemical processes 

where the electrolyte may be corrosive.  

d) Low reactivity with other materials: Graphite is a non-reactive material and does not 

easily react with other materials, which makes it an ideal choice for use in anodes in 

various applications.  

 

 

Fig.3.2. Graphite electrodes 
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3.4. Material For Cathode (Aluminium): 

Aluminium is not commonly used as a cathode material in electrochemical 

applications, as it is typically used as an anode due to its low reduction potential. 

However, if aluminium were to be used as a cathode material, the following 

properties may be observed: 

a) Low over potential: Aluminium has a low over potential, which means it requires less 

energy to reduce compared to other materials. This can lead to a more efficient 

electrochemical reaction. 

b) High surface area: Aluminium can be easily formed into a porous structure with a 

high surface area, which can enhance the reaction kinetics and increase the 

electrode/electrolyte interface. 

c) Good electrical conductivity: Aluminium is a good conductor of electricity, which can 

facilitate the flow of electrons in the electrochemical cell. 

d) Corrosion resistance: Aluminium forms a thin, protective oxide layer on its surface, 

which can provide corrosion resistance and increase its stability as a cathode material. 

e) Low density: Aluminium has a low density, which can reduce the weight of the 

electrode and the overall electrochemical system. 

 

 

 

 

 

 

 

Fig.3.3. Aluminium electrodes 
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3.4. Support Structure: 

 

 

 

 

 

 

 

 

 

 

Fig.3.4. Tilting Mechanism  

 

 

 

 

 

 

 

                                                  Fig.3.5. Support for Tubes  
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Properties of the support structure:  

a) Material: The support structure is made of metal. This makes it strong and durable, 

and able to support the weight of the algae tubes.  

b) Shape: The support structure is a rectangular frame. This shape provides stability and 

allows the algae tubes to be arranged in a neat and orderly way.  

c) Size: The support structure is sized to fit the specific needs of the algae production 

system. The size of the frame will depend on the number of algae tubes and the 

amount of space available. 

Dimension of Structure: 

Length=120 Cm 

Width=120 Cm 

Hight=120 Cm 

Tube Diameter= 60 Mm 

Tube Hight=90 Cm 
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                                             CHAPTER 4 

                                       3D DESIGN AND WORKING 

4.1. 3D Design of the Setup: 

 

Fig.4.1. 3D Design  

 

Fig.4.2. Working flowchart 
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4.2 Working Principal: 

The algae are the plants which generate the hydrogen, oxygen, and electrons during the 

photosynthesis process. These electrons move from low energy level to high energy level 

they are captured by proteins to from carbohydrates, if they are intercepted by suitable means 

then the electricity will be generated by using the aluminium as an anode and carbon as 

cathode the use of series connection will increase the voltage at the output. Our solution is an 

algae panel where the algae is cultivated in the multiple compartments where their growth is 

continuously monitored by using the ML algorithm as well as electricity is also generated. 

When there is a complete growth of the algae then it is possible to extract bio-fuel from it by 

trans-esterification process. In the process of trans-esterification initially the bio-oil is 

produced from the algae by using the N-Hexane and then the bio-fuel is extracted from that 

oil by adding the Methanol and NaOH. The bio-fuel produced having the properties 

comparable to the diesel so it is used as a blend in diesel engine in the ratio of 80% of diesel 

and 20% of bio-fuel. According to our experimentation results from 5 kg of algae we 

extracted 3.3 Lit of bio-fuel. Also, the by-products of these reaction are glycerol, water, and 

salt they are used for the making fertilizers. The algae are the plants which have very high 

growth and they release oxygen in the environment so they are also helpful for maintaining 

environmental balance. There are lots of species of algae but according to the research the 

spirulina species have faster growth and good ability to produce electricity. This panel is also 

works as a CO2 scrubber. 

4.3. Chapter Closure Statement: 

Our proposed algae panel offers a sustainable and environmentally friendly solution for 

generating renewable energy, producing bio-fuel, and mitigating carbon dioxide emissions. 

The panel utilizes algae's remarkable photosynthetic abilities to capture sunlight and convert 

it into electricity, oxygen, and biomass. The generated electricity can be directly utilized for 

various applications, while the biomass can be processed into bio-fuel, a cleaner alternative to 

traditional fossil fuels. Additionally, the algae's growth process effectively absorbs carbon 

dioxide from the atmosphere, contributing to a healthier environment. Furthermore, the by-

products of the bio-fuel production process can be repurposed as fertilizers, minimizing waste 

and promoting sustainability. Overall, our algae panel presents a promising approach to 

addressing energy needs, reducing environmental impact, and promoting a circular economy. 
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                                            CHAPTER 5 

                           BIODIESEL GENERATION PROCESS 

5.1 Esterification:   

Esterification is a chemical reaction where an ester is formed through the reaction of an 

organic acid (usually a fatty acid) and an alcohol. In the context of biodiesel production, free 

fatty acids (FFAs) present in oils and fats react with an alcohol, typically methanol or 

ethanol, to produce fatty acid methyl esters (FAME) or fatty acid ethyl esters (FAEE), 

respectively. The reaction is catalysed by an acid catalyst, usually sulphuric acid or a similar 

acid. 

Reaction: 

Free Fatty Acid (FFA) +Alcohol                     Ester (FAME or FAEE) +Water 

 

 

Fig.5.1. Esterification Reaction 

 

 

            

Dehydration 

Acid Catalyst 
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5.2 Transesterification: 

Transesterification is a chemical reaction in which triglycerides (fats and oils) react with an 

alcohol in the presence of a catalyst to produce biodiesel (fatty acid esters) and glycerol. This 

process is more commonly used for biodiesel production due to its ability to simultaneously 

convert triglycerides and remove free fatty acids. Transesterification is more widely used in 

biodiesel production due to its ability to handle a mixture of triglycerides and FFAs. 

 

Reaction: 

Triglyceride+Alcohol                              Fatty Acid Esters (Biodiesel)+Glycerol 

 

 The alcohol used is often methanol or ethanol.  

 Common catalysts include sodium or potassium hydroxide, sodium or potassium 

methoxide or ethoxide, or acids like sulfuric acid. 

 

Fig.5.2. Biodiesel generation 

 

Dehydration 

Catalyst 
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Fig.5.3. Transesterification Reaction. 

 

5.3 Materials, Equipment and Apparatus: 

Methanol, sulphuric acid, sodium hydroxide, hydrochloric acid, ethanol, and potassium 

hydroxide, all analytical grade, Isopropyl alcohol, analytical grade. The major equipment was 

as follows: microwave oven 1300 Watts, Stirrer 50w, rotary vacuum evaporator centrifuge 

(ItettichZentrifugen D-7200 Tutlingen 6000rpm), hot plate, analytical balance, lab oven, and 

the Soxhlet apparatus. Spirulina microalgae biomass. Algae characteristics and growth 

conditions were as follows: filament average length and diameter 1,000 and 10 microns; lipid 

content 6-8% of dry biomass; growth nutrients (per litre of water), sodium bi-carbonate 16g, 

potassium nitrate 2g, common salt 1g, magnesium sulphate 0.1g, monoammonium phosphate 

0.1g, calcium chloride 0.1g, potassium sulphate 0.1g, iron sulphate 0.01, urea 0.02g, and 

citric acid 0.02g; pH7; and average temperature 20.4°C. 

Algae Biomass, and Biodiesel. A Soxhlet apparatus fitted with a quick-fit con denser and a 

250ml round bottom flask holding the solvent (a mixture of hexane/isopropyl alcohol, 3:2 to 

make a total of 120 ml) was used to extract oil from the algae biomass. The oil was separated 

from the solvent using a rotary vacuum evaporator. Oil yield of microalgae biomass (%) was 

calculated according to Equation 

 

Oil yield of microalgae biomass = ×100 

 

   Mass of the extracted oil 

Mass of dried algae biomass 
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Algae biomass was analyzed for protein, ash, and moisture content by using ASTM standard 

methods. Spirulina oil was tested for moisture content, FFA, acid value, density, viscosity, 

and calorific value. Similarly, specific gravity, kinematic viscosity, calorific value, acid 

number, flash point, carbon residue, ash content, S, pH, and moisture content of FAME were 

determined using standard methods according to American Standard Test Methods (ASTM D 

67551) 

 

Fig.5.4.Batch transesterification with microwave irradiation. 

 

5.4 Transesterification Reaction: 

The experimental setup consisted of a batch reactor (250ml round bottom flask) placed in a 

microwave oven, as shown in Fig. The flask was fitted with a reflux condenser and a glass 

rod for mechanical stirring. The weighed amount of Spirulina platensis micro algae biomass 

was mixed with measured amounts of NaOH catalyst and methanol. Blending of the mixture 

was carried out for a few minutes to achieve homogeneity before being poured into a reaction 

vessel. The reactants were then heated using microwave irradiation and maintained for a 

specified duration. After the reaction had taken place, the mixture was cooled in ice water to 

stop the reaction. The reactor contents were centrifuged at 3,000rpm for a period of 

30minutes to separate biodiesel from glycerol and suspended solids. Biodiesel was decanted 
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and was held number of times to remove any acid catalyst, before being heated at about 

100°C to remove any accompanying methanol and water. Biodiesel was analysed by GC for 

fatty acids. This study optimized the process variables for the highest yield: algae to methanol 

ratio, catalyst concentration, and reaction time. 

5.5 Lab Test : 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

            Fig.5.5. Microscopic Images of Algae Group-1 
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  Fig.5.6. Microscopic Images of Algae Group-2 
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5.6 Flow Chart of Bio-Fuel Generation: 

 

Fig.5.7. Flowchart for bio-fuel generation 
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Table.5.1. Properties of Spirulina Microalgae biofuel. 

The table provides details about the properties of a particular substance. The substance has a 

pH of 7, indicating that it is neutral. Its specific gravity is 0.876, which means it is less dense 

than water. The kinematic viscosity at 40 degrees Celsius is 5.76 mm2/s, suggesting that it 

has a moderate flow rate at this temperature. The free fatty acid value is 0.8, indicating a low 

level of free fatty acids. Finally, the moisture content is 7.8%, implying that the substance is 

slightly moist. 

 

5.7 Chapter Closure Statement: 

In this chapter, we explored the process of bio-fuel generation from Spirulina microalgae, 

focusing on the esterification and transesterification reactions. We discussed the materials, 

equipment, and apparatus required for each process, along with the detailed procedures 

involved. The chapter also delves into the optimization of process variables for maximum 

biofuel yield. Additionally, we presented the properties of Spirulina microalgae bio-fuel, 

highlighting its potential as a sustainable and renewable energy source. 

 

 

 

 

 

 

Sr. No Property Value 

1 pH 7 

2 Specific Gravity 0.876 

3 Kinematic viscosity at 40℃ mm
2
/s 5.76 

4 Free fatty acid value 0.8 

5 Moisture content % 7.8 
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                                                CHAPTER 6 

                                     OBSERVATION AND RESULTS 

6.1 Experimentation: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                Fig.6.1. Actual experimental setup 
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6.2 Reading for Spirulina Species of Algae: 

 

Algae 

Species Day pH 

change volume per 

liter voltage (volt) current(mA) 

Spirulina 1 8.128 0.05 10.1 0.95 

Spirulina 1 7.925 0.1 10.1 0.99 

Spirulina 2 7.855 0.55 10.3 0.98 

Spirulina 2 7.79 1.1 10.4 0.97 

Spirulina 3 7.78 1.7 10.6 0.99 

Spirulina 3 7.788 1.9 10.7 1.2 

Spirulina 4 8.287 2.4 10.8 1.3 

Spirulina 4 8.354 2.6 10.9 1.48 

Spirulina 5 8.328 2.9 10.7 1.49 

Spirulina 5 8.309 3.5 10.6 1.56 

Spirulina 6 8.319 3.8 10.5 1.57 

Spirulina 6 8.351 4.4 10.9 1.8 

Spirulina 7 8.469 4.9 10.8 1.67 

Spirulina 7 8.446 5.7 10.8 1.76 

Spirulina 8 8.444 6.9 11.2 1.87 

Spirulina 8 8.465 7.5 11.3 1.83 

Spirulina 9 8.476 7.6 11.5 1.9 

Spirulina 9 8.43 8.1 11.65 2 

Spirulina 10 8.52 8.4 11.72 2.3 

Spirulina 10 8.653 9.1 12 2.2 

Table.6.1. Reading of voltage and current for spirulina species of algae 
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6.2.1 Observations: 

 The algae culture grew steadily over the course of the experiment, with the volume 

increasing from 0.05 liters to 9.1 liters. 

 The pH level of the culture remained stable between 7 and 9 throughout the experiment. 

 The voltage generated by the algae culture increased from 10.1 volts to 12 volts over the 

course of the experiment. 

 The current generated by the algae culture increased from 0.95 milliamps to 2.2 

milliamps over the course of the experiment. 

 

6.3 Generation of Current per Day: 

 

Graph 6.1. Scatter graph of days VS Current 

Based on the graph, it appears that there is a positive correlation between the growth of algae 

per day and the generation of electricity. As the algae grow, it generates more electricity. This 

is likely due to the fact that algae are photosynthetic organisms, which means they convert 

sunlight into energy. The more algae there is, the more energy can be converted into 

electricity. The graph also shows that the generation of electricity increases at a faster rate 

than the growth of algae. This is likely due to the fact that the algae cells become more 

efficient at generating electricity as they mature. Overall, the graph suggests that algae have 
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the potential to be a viable source of renewable energy. However, more research is needed to 

determine the long-term feasibility of using algae for this purpose. 

6.4 Generation of Voltage per Day: 

 

                                       Graph 6.2. Line graph of days VS Voltage 

The graph shows the relationship between the growth of algae and the generation of voltage. 

As the algae grow, the voltage generated also increases. This is likely due to the fact that 

algae are photosynthetic organisms, which means they convert sunlight into energy. The 

more algae there are, the more energy can be converted into voltage. The graph also shows 

that there are some peaks and valleys in the data. This is likely due to a number of factors, 

such as the availability of sunlight, the age of the algae cells, and the amount of nutrients in 

the water. Overall, the graph suggests that algae have the potential to be a viable source of 

renewable energy. However, more research is needed to determine the long-term feasibility 

of using algae for this purpose. 
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6.5 Biomass Volume Calculation: 

Take one litter of sample from the panel for the calculation of biomass .Initially we know the 

mass of algae is added to the panel then take reading for each 5 hours to find the change in 

biomass of the algae. 

6.5.1 Change is Mass Is Calculated By: 

Initially known mass is added to the 1liter water which is given by: mk = 50gm. 

After 30days. Change in volume per observed: mc = 30 gm per litre 

For 14 litre capacity, 

Change in volume is given by =   mc × 14 litre 

 =14×30 gm 

Change in mass of algae = 420 gm. 

 

6.5.2 Electricity Generation Calculation: 

 

Taking notation: 

V = Voltage 

I   = Current 

P = Power 

 

 Now observed readings are: 

V = 12 volt 

I = 2.7mA 

 

Power for 10 hrs = V× I×10 hrs 

           = 12 ×2.7× 10 

P10   = 324miliwatt.hrs 

For one month the power is calculated as, 

Days = 30 
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P = P10 ×30 

P = 324×30 

P= 9720 miliwatt.hrs 

 

6.5.3 Bio Fuel Generation Calculation: 

The Density is calculated by: 

Density = Mass/ Volume 

 

M= 0.015kg 

Volume = 3.92×10
-5

 m
3
 

 

Density = 0.015/3.92×10
-5

 

Density of Fuel = 782.65 kg/m
3 
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                                          CHAPTER  7 

                                               CONCLUSION 

7.1 Conclusion: 

a) One of the advantages of algae bio panels is that they can be installed in a variety of 

locations, including rooftops, facades, and even urban landscapes, providing a source of 

renewable energy that is close to the point of use. Additionally, algae bio panels can be 

integrated with other systems, such as wastewater treatment plants, providing a dual 

benefit of producing energy and cleaning up wastewater. 

b) Generating electricity from algae has the potential to be a sustainable and 

environmentally friendly source of energy However; there are still some challenges that 

need to be addressed in order to make algae-based electricity a viable option. One of the 

main issues is the cost of production, as the process of cultivating and harvesting algae 

can be expensive. 

c) The biomass produced from algae can be converted into various forms of biofuels, 

including biodiesel, bioethanol, and biogas. These biofuels have the potential to replace 

fossil fuels, reducing greenhouse gas emissions and mitigating climate change. 
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