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Abstract 

The significant increase of Carbon dioxide is a major concern because it pollutes the 

atmosphere, harms marine life, and can be potentially dangerous to humans because it can lead 

to serious conditions resulting in death in some cases. To fix this problem, microalgae, especially 

Chlorella vulgaris are seen as a potential Carbon sink to remove Carbon dioxide because of their 

photosynthetic abilities and proliferation rate which makes them able to consume large quantities 

of Carbon dioxide.  

The usage of algae to absorb Carbon dioxide has been presented in many studies but it is 

noted that there is a light deficiency in the cultivation of algae in a photobioreactor. The goal of 

this study is to improve the light distribution with the use of a lucite glass cylinder and a 

photobioreactor composed of lucite and therefore, increase the effectiveness of photobioreactors 

under elevated levels of Carbon dioxide.  

 

Significance of the problem 

Carbon dioxide, generated mostly by the emission of fossil fuels is a major component of 

greenhouse gases that primarily causes global warming and climate change which is bad for 

humans and the environment (Nayak and Das, 2013). The increase in Carbon dioxide is a 

problem that leads to an increase in global temperatures (part of global warming) and this is also 

concerning for the sea level rise, amount and pattern of precipitation, frequency and intensity of 

weather events, the amount of agricultural yields, and species extinctions (Niehaus, 1979; 

Florides and Christodoulides, 2009). Carbon dioxide contributes to 60 percent of the total 

greenhouse gases and the levels have increased to about 400-410 ppm. If the problem is not 



solved, it is predicted that there would be a total of 26 billion tons in the atmosphere alone if we 

don’t do anything to reduce this. The increase in Carbon dioxide causes risks such as a decrease 

in world food production and the potential rise of the ocean and sea levels which is a threat to the 

biodiversity of the oceans (Molazadeh et al., 2019; Chiu et al., 2008; Niehaus, 1979). The 

increase in Carbon dioxide has and is affecting humans significantly. The increased Carbon 

dioxide levels have correlated to certain health conditions such as negative short-term effects on 

the respiratory, cardiovascular, and central nervous systems, long term neurophysiologic 

symptoms, and other harmful physiological effects on humans including changes in respiration 

and circulation. There are also other negative effects like a lack of school attendance and a lack 

of concentration which can negatively affect learning ability and memory which significantly 

impacts a student’s academic performance. In the long term, the current exposure of atmospheric 

Carbon dioxide results in cellular oxidative stress which promotes the increase of reactive 

oxygen species resulting in the increased risk of cancer and other diseases because of virus 

activity (Bierwirth and Faculty, 2019). 

 

Solutions and Insufficiencies 

Since carbon dioxide is the largest contributor to total greenhouse gas emissions, three 

major methods are being taken into action in order to remove excess carbon dioxide: the use of 

chemical reactions, the storage of carbon dioxide emitted underground or into the ocean, and 

transforming carbon dioxide to organic matter through biological mitigation like using algae or 

trees. Chemical methods are not environmentally sustainable and require a considerable space 

and investment. The challenge with the storage method is the potential of carbon dioxide 



leakage. This leaves biological mitigation to be the most economically practical and 

environmentally sustainable and it has achieved much attention as an alternative method in the 

long term. Biological carbon dioxide fixation occurs through plants and trees that only eliminate 

3 to 6 percent of carbon dioxide because of their slow growth. However, microorganisms like 

algae can fix carbon dioxide 10 to 50 times faster because they are capable of eliminating 513 

tons of carbon dioxide per year. However, the cost to this is very high and little progress has 

been made to lower the cost. High rate algal ponds (HRAPs) are one of the biological methods 

where algae are able to photosynthesize and capture carbon dioxide. This is an efficient way to 

capture atmospheric carbon dioxide in an outdoor environment. The construction of this is in a 

pond-like shape and it is not that expensive compared with the other mechanisms. However, 

HRAPs are very hard to maintain and they can get contaminated really easily. Photobioreactors 

are more efficient than other open systems due to its ability to minimize water evaporation and 

the reduction of contaming species. It’s also an environmentally friendly, cleaner, and simpler 

method to capture CO2 (Ball, Kouaku, Ranko, Taylor &, Zabihian, 2016; Molazadeh, 

Amadzadeh, Pourianfar, Lyon &, Rampelotto, 2019). Photobioreactors are a manufactured 

system or vessel that supports a biologically active environment in which a chemical process by 

phototrophic organisms that involves the utilization of a light source takes place and this process 

produces biomass. They can be designed for algae production because they are able to utilize a 

light source to cultivate these organisms in order for the microalgae to produce biomass from 

doing photosynthesis. These closed systems are sometimes supplied with a Carbon dioxide 

source coming from a Carbon dioxide tank or flue gas in order to provide microalgae with the 

proper nutrients in order for them to produce biomass (Molazadeh et al, 2019). Photobioreactors 



are used because they are inexpensive systems to maintain and they are used because they 

provide a steady growth of algal biomass that can be used in several applications.  

The Bubble column/vertical photobioreactor design is the more basic and more 

economical design to construct because of the lesser amounts of parts for construction which 

means that there is a cheaper price compared to other designs like tubular PBRs, flat panel PBRs, 

and internally illuminated PBRs and are able to achieve highly efficient biomass production 

(which also means that it can sequester more carbon dioxide) than open pond systems (Ball et al., 

2016) Vertical column photobioreactors have been tested to have a sturdy design as well as 

having the maximum amount of light per surface area which is beneficial for optimal algae 

growth and effective carbon dioxide absorption (Ball et al., 2016; Jacob-Lopez, et al., 2009). 

Even though the vertical column photobioreactors have the ability to allow a maximum 

amount of light per surface area, there can still be a greater amount of light supplied to the algae 

to further optimize Carbon dioxide absorption even more (Ball et al., 2016). The insufficient 

light supply leads to less photosynthetic growth for the areas of the photobioreactor that don’t get 

enough light and photo inhibition for the areas of the photobioreactor that receive too much light. 

One paper used transparent sponges because it would potentially reduce the light gradient which 

would dilute the sunlight to an optimal light density for the whole culture which would increase 

the efficiency by maximizing growth rates. The algae in this paper have higher growth rates and 

more biomass over time when they are put into a photobioreactor containing the glass sponge 

which shows that this new concept helps improve the light distribution. However, this concept 

has to be further studied because of the significant cost of manufacturing the delicate sponges 

(Jacobi et al., 2012).  



 

Our solution 

Microalgae culture 

The stock culture of Chlorella vulgaris will be first maintained in a half strength alga gro 

solution containing an equal ratio of distilled water to freshwater alga gro (from Carolina 

Biological Supply) for 10 days in Erlenmeyer flasks. After 10 days, the culture will be put into 

photobioreactors for assays to be done. The culture will be divided into 2 groups: one group with 

elevated carbon dioxide and one group without elevated carbon dioxide levels. Then, those 

groups will be further divided into two groups for the lucite cylinder and without the lucite 

cylinder. And finally, the groups will be divided again into two groups where one group will 

have a photobioreactor composed of lucite while one group wouldn’t have the photobioreactor 

with lucite.  

 

Photobioreactor setup 

A bubble column photobioreactor will be used for this experiment. Half of the groups will have a 

photobioreactor made of lucite. Half of the groups will have a photobioreactor made from 

plastic. There will also be a carbon dioxide tank which will output 1 percent carbon dioxide for 

the non elevated carbon dioxide groups and 5 percent carbon dioxide for the groups that will be 

under elevated levels of carbon dioxide. All trials will be under the light and will be placed in a 

fixed position.  

 

Arduino Gas Sensor Setup  



The coding for the Arduino sensor will be by using the Arduino IDE software. The gas sensor 

will be connected to the Arduino Uno to measure the Carbon dioxide levels. An Arduino gas 

sensor will be coded to record the Carbon dioxide concentration in the photobioreactor for a 

week and the Carbon dioxide concentration will be recorded every hour. 

 

Obstacles 

Some obstacles include being able to maintain the carbon dioxide levels for a long period of 

time. There also might be some issues with having a large enough sample size in order to ensure 

that the data results will be accurate and precise. Cultivation in large volumes might also be a 

problem. This will probably limit the working volume of algae used to absorb the Carbon 

dioxide. This is not ideal because the algae cultivation is meant to be in large quantities. Even 

though the results in this study may suggest that there is a significant difference with the lucite 

facilitated Carbon dioxide consumption, this may not be true for large quantities because of the 

larger working volume of algae that is used.  
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