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Abstract— In today’s scenario CO2 is the main cause of 

global warming. It can be biologically removed using micro 

algal photosynthesis. Microalgae are the efficient species 

that consume CO2 from the environment for growth. In this 

study Euglina Gracilis is used for the CO2 fixation and here 

also studied about pigment production and gas hold up in 

the reactor. 
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I. INTRODUCTION 

Increased concentration of carbon dioxide (CO2) atmosphere 

is considered to be one of the main causes of the global 

warming problem. Moreover; there is an international 

movement to reduce the emission of CO2 by imposing a 

carbon tax. Biological CO2 fixation has been extensively 

investigated as part of efforts to solve the global warming 

problem. Since the concentration of CO2 in the flue gas 

emitted from thermal power stations or  steel-making plants 

is about 500 times higher than that in the atmosphere, 

screening for microalgae which are tolerant to high CO2 

concentration has been carried out as an essential step for 

the biological CO2 removal from the flue gas[1]. Several 

authors have reported the effects of CO2, SOx and NOx and 

the effects of trace components in the culture medium on the 

algal growth. Recently, research on CO2 fixation using 

actual flue gas from a boiler and a power plant was carried 

out in a small raceway pond equipped with paddle wheels 

for mixing and showed that direct blowing of flue gas into 

algal culture did not inhibit the algal growth[2]. To supply 

light efficiently to algal cultures, a photobioreactor 

employing light diffusing optical fibers (LDOF) was 

developed and used for high density culture. Algal culture 

for the CO2 fixation requires a large amount of nutrients 

such as nitrogen and phosphorus compounds. In addition, 

excessively supplied nutrients could create another 

environmental problem, e.g. eutrophication. 

II. LITERATURE REVIEW 

Photosynthesis is the process by which light energy is 

converted to chemical energy whereby carbon dioxide and 

water are converted into organic molecules. The process 

occurs in almost all algae, and in fact much of what is 

known about photosynthesis was first discovered by 

studying the green alga Chlorella [3]. 

Photosynthesis includes both light reactions and 

dark reactions that are called Calvin cycle. During the dark 

reactions, carbon dioxide is bound to ribulose bisphosphate, 

a 5-carbon sugar with two attached phosphate groups, by the 

enzyme ribulose bisphosphate carboxylase. This is the initial 

step of a complex process leading to the formation of sugars. 

During the light reactions, light energy is converted into the 

chemical energy needed for the dark reactions [4]. 

Photosynthesisprocess account for about half of the 

photosynthetic carbon fixed every year. To study 

photosynthesis scientists used many algal species including 

algal mutants. 

The efficiency of algae at pulling inorganic carbon 

out of the environment is depend on growth condition which 

shows that the presence of an inducible CO2concentrating 

mechanism in algal cells. 

Chlorophylls, phycobiliproteins and carotenoids are 

the majorantenna pigments in algae and the variation in the 

composition of these pigments give algae their distinctive 

colour.Major complexes are proteins with many bound 

antenna pigments which plays important role in absorbing 

light energy [5]. 

Photosynthesis in algae will increase with the 

increase in nutrient, that are N, P and Fe availability [6]. If 

we increase the photosynthesis in algae that would increase 

carbon dioxide fixation from the environment. 

Algae grow faster in the presence of light and 

carbon dioxide and are very efficient in absorbing and 

converting solarlight energy into chemical energy which is 

mainly in the form of triacylglycerols [7]. 

Carbon dioxide fixation by photoautotrophic algal 

cultures has the potential to reduce the release of carbon 

dioxide into the atmosphere, that can also help global 

warming. For the biologicalCO2 fixation systems, selection 

of efficient microalgae species is important[8]. 

Reactors used to cultivate microalgae include 

horizontal tubular reactors, vertical tubular reactors, helical 

tubular reactors, hollow fiber membrane reactors and 

fermentor type reactors [9]. 

III. MATERIALS & METHODS 

A. Experimental Set Up 

A glass cylinder of 1m in length 0.1 m in inner diameter and 

0.101 m in outer diameter with glass inlet in the bottom and 

one outlet at the top as an exhaust was used. It is connected 

to two gas flow rotameters of range 0.5 lpm to 5 lpm, one 

for air and other for CO2. The control trails were conducted 

by sparging ambient air containing CO2 concentration of 

0.03% throughout the incubation period in the photo reactor. 

Successive trails were conducted by variable CO2 

concentration, light intensity, gas velocity in the 

photobioreactor and by using two different spargers. 

Biomass productivity, CO2 sequestration rate, gas holdup, 

kinetic studies and antioxidant activity studies were carried 

out for all the trails. In the bubble column euglena media 

was used to grow Euglena gracilis for CO2 removal from 

gas by photosynthesis. Light intensity was provided by 

fluorescent white lights and determined with light meter. 

B. Media and Physiological Condition for the Reactor 

 4 liters of Euglena media was prepared. 

 Flow rate of 2 lpm of air is set for the studies. 

 The batch reactor was incubated for 10 days in a natural 

photo period. 

http://www.britannica.com/EBchecked/topic/431954/organic-compound
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IV. RESULTS & DISCUSSIONS 

A. Reactor Studies  

Micro algal species was inoculated in a 5 liter semi 

continuous photo bioreactor to check the feasibility of scale 

up of the process. Natural light and photo period conditions 

were maintained. To maintain a homogeneous bubble flow 

regime, a constant gas flow rate of 2lpm was set and 

monitored. A trial run (here called as control trial) was 

conducted by sparging compressed air with ambient CO2 

conditions. The first trial with air : CO2 in the ratio 2:1 (to 

make 2lpm) was run to study the CO2 fixation rate. 

B. Biomass Productivity and CO2Fixation Rate 

It was found that there was four times increase in the 

biomass production and CO2 sequestration rate when CO2 

was sparged along with air in the ratio 1:2 (v/v) at a gas flow 

rate of 2lpm in the second trial. It clearly indicates that 

Euglena gracilis utilize CO2 from the gas mixture for 

photosynthesis. 

 
Fig. 1: Comparison of P (biomass productivity) and PCO2 

(CO2 fixation rate) in the reactor system for Euglena gracilis 

C. Gas Holdup 

Literature indicates that gas holdup increases with 

increasing superficial gas velocity because bubble size also 

increases with velocity that affect gas holdup[10], so trials 

were performed here in bubble column at different 

superficial gas velocities and experimental gas holdup 

obtained for the photobioreactor. According to literature gas 

hold increases as velocity increases and so was found in the 

experiment as shown in figure 2. 

 
Fig. 2: Gas holdup vs superficial gas velocity 

D. Kinetic and Modeling Studies of Euglena Gracilis 

Kinetic study of the algae biomass is an important parameter 

for determining its suitability for commercial or large scale 

mass production for the extraction of oil and other useful 

compounds[11]. The growth kinetics of Euglena gracilis 

was studied by the use of spectroscopic analysis. Figure 3 

indicates that for the 2 curves for control trial (with air) with 

0.03% CO2 and test trial (air + CO2) with 35.9% CO2 

respectively, the variation in algae density as a function of 

time exhibits sigmoidal growth kinetics. The Euglena’s 

growth rate increases as the CO2 concentration and 

increased by increasing the mass transfer rate. This is 

evident in the log phase (linear portion) of the test trial curve 

of Figure 3, where growth rate is the highest. 

 
Fig. 3: Growth kinetics of Euglena gracilis with and without 

CO2 concentrations 

V. CONCLUSIONS & FUTURE PROSPECTS 

Greenhouse gases, especially CO2, are considered to be the 

most important factor to the global warming environmental 

problems. Therefore to control the CO2 level in atmosphere, 

especially to efficiently reduce the CO2 emission is a 

practicable means of combating the global warming 

problem. In recent years, many researchers are underway to 

mitigate the CO2 emission from industrial sections. 

Photosynthetic capability of microalgae with respect to 

various CO2 fixations along with effect of CO2 on their 

pigment and antioxidant production, bubble column reactor 

was operated in order to analyze the potential of these 

microalgae in CO2 sequestration.  

Significant sequestration has been observed at the 

pilot scale (reactor studies) which is under more natural 

conditions. This indicates that algae can be grown in a large 

scale for a better removal of CO2 from the atmosphere. 

Addition of mesh has increased both sequestration rate and 

production of metabolites. This indicates that the reduction 

in bubble size increases the gas transfer rate into the media 

consequently increasing the gas consumption by the 

organisms and metabolism rate. Algal species has a 

threshold value for CO2 sequestration beyond which there 

would not be any increase in biomass production or 

production of metabolites.  

Further, many trials can be run in the reactor by 

varying the physiological parameters to find their effect on 

the growth and metabolism Euglena gracilis. Subsequently, 
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the CO2 condition for Euglena gracilis for the maximum 

yield of metabolites can be optimized. The design 

parameters in the semi continuous reactor like gas flow rate, 

air- CO2 ratio, etc can be comparatively studied and 

optimized. The process can further be scaled up by 

designing and developing a lab-scale pond bioreactor. 
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