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Abstract 

The energy consumption produces 75% of Carbon Dioxide to the antropogenic 

emission in the atmosphere. It causes a greatest impact in Climate change 

during a recent century. These major factors lead not only scientist, but also 

people all over the world to take into account in reducing the carbon emission. 

One of the safest and sustainable ways to reduce the concentration of 

anthropogenic carbon is to add a role of a biomass converter. Here, we 

modeled the carbon consumption for the biomass production of phytoplankton 

Nanochloropis oculata in a controlled fine-scale environment into simple 
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mathematical formulation based on predator and prey (lotka-Volterra) model. 

We set him density of the biomass as ‘predator’ and the concentration of 

carbon as ‘prey’. In the simulation result, the predator and prey model is fitted 

with the data. The model is validated with the experimental data which will be 

used for the provisional purposes that is to see the behavior of the 

phytoplankton in reducing carbon in atmosphere. However, this is a 

preliminary study that can be developed for further research. 

Keywords: CO2 concentration, biomass energy, Nanochloropis oculata, 
predator and prey, mathematical modeling    

 

INTRODUCTION 

This research is intended to support the agreement reached in the climate change 

conference in Paris, November 2015 (Paris Agreement) by 165 participating 

countries. Where Indonesia is committed to reducing as soon as possible carbon 

dioxide (CO2) emissions by 29% by 2030, or 41% reduction in carbon gas assisted by 

developed countries in terms of limiting the average rise in global warming 

temperature of 2̊ C and taking efforts to limit it to temperature average 1.5̊ C. With the 

discovery of low-level plant species that quickly absorb / reduce carbon dioxide 

emissions (CO2) waste so that carbon dioxide (CO2) wastes can be converted into 

useful compounds in the plant body, which are renewable bioenergy / biofuel 

feedstocks, food livestock, medicines, green economy-based oxygen producers [5]. 

The rapid absorption of carbon dioxide (CO2) emissions can support global warming 

global warming. In the process of photosynthesis, the interaction of light, nutrients, 

acidity (Ph), salinity, temperature and water can influence the growth rate of plants in 

low levels so that the formation of compounds in plants maximum and carbon dioxide 

(CO2) can be absorbed maximum. This supports the reduction of CO2 emissions can 

be done transparently to support the carbon trading accounting system [4; 5]. 

One way to avoid and overcome the increase of carbon dioxide emissions is the 

existence of an effort capable of fixation of carbon dioxide emission gas in the 

atmosphere, using phytoplankton [1; 6]. Naturally green plants require (CO2) in the 

air for photosynthesis. In addition to high levels of plants some types of 

phytoplankton living in the sea and on land can also perform photosynthesis. Its great 

potential as a raw material for renewable and renewable energy, phytoplankton may 

also play a role in reducing atmospheric gas (CO2) emissions [10; 7]. 

Nannochloropsis sp. is a phytoplankton of a group of green algae. The cells are 

ball-shaped with greenish color, small in diameter 2-8 μm [16; 17]. According to 
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Minillo et al. [11], mentions that the highest growth of Nannochloropsis sp. occurred 

at pH 6.2-9.8. The pH range for growth of green phytoplankton is 7-9 . 

In this research, test observations were performed to increase the production of cell 

biomass Nannochloropsis oculata, by giving several concentrations of carbon dioxide 

and different light intensity settings which can be judged most effective in its growth. 

It is expected that this type of Nannochloropsis oculata can absorb and utilize carbon 

dioxide effectively to increase the abundance of microalgae cell biomass, so as to 

reduce carbon emissions in the atmosphere. With the application of photo bioreactor 

technology and the use of different lights that are considered effective in supplying 

media and culturing microalgae in the absorption of carbohydrate (CO2) gas both 

during the day and night. 

 

METHODOLOGY   

Nanochloropsis oculata 

Microalgae are the most primitive plant organisms that are resistant to 

microorganisms, and live in all areas of sound, both fresh and marine. Microalgae are 

classified as plants because they have chlorophyll and have a high-level cell network 

[2]. The heat of nutrients that can be developed as a source of biodiesel feedstock 

[10]. 

One type of microalga that can utilize carbon dioxide through photosynthesis is 

marine microalgae namely Nannochloropsis sp. Described by Hernandes-Mireles et 

al. [6] and Trevisan [15], that In addition to utilize CO2 from the atmosphere, 

Nannochloropsis sp. is very important for humanity life. Nannochloropsis sp. can be 

utilized to produce different types of biofuels or biofuels. Also explained by 

Klinthong et al. [10], Nannochloropsis sp. has a high fat content that has the potential 

to produce biofuel as an effort to handle the crisis of oil scarcity. In addition 

Nannochloropsis sp. can become bioremediation. Bioremediation is the Restoration of 

the environmental conditions of heavy metal pollution exploited by living creatures. 

Nannochloropsis oculata is one type of marine microalgae that has an important role 

in increasing the temperature of carbon dioxide CO2 exhaust gas [16]. Carbon dioxide 

is capable of accelerating the growth of cell biomass content from Nannochloropsis 

oculata. Using various types of light sources can be more effective in the 

photosynthesis process of Nannochloropsis oculata because it corresponds to the 

amount of energy that the microalgae can accept for its growth process [12; 14]. 
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Experimental Study 

The study was conducted in three stages consisting of: preparation stage including 

Walne's medium manufacturing process, second stage including biomass harvesting 

process, and lastly the calculation of carbon dioxide absorption absorbed by 

Microalga Nannochloropsis oculata. Provision of fertilizer is done during cultivation. 

Walne fertilizer is very beneficial for the growth of Nannochloropsis sp because 

walne fertilizer contains vitamin B12 and B1 as well as trace elements with 

composition ZnCl2, CaCl2, (NH4) 6, CuSO4 [13]. 

This test is done for 1 year. All tests are performed by repetition of 3 (three) times. The 

treatment in this research is giving of Walne and vitamin fertilizer media. Walne doses 

are used based on trials that have been done BBPBAP Jepara and the dose is commonly 

used for culture Nannochloropsis sp. in the Natural Feed Division, Center for Brackish 

water Aquaculture Development, Jepara 

 

Data Analysis 

The research method used a randomized block design (RAK) with four variables of 

CO2 flow treatment i.e. CO2 15G / M / 1JAM / 3x, CO2 30G / M / 1JAM / 3x, CO2 

60G / M / 1JAM / 3x and three treatment 4 intensity of fluorescent lamp lamp (TL) 

9000 LUX, 7000 LUX, 3000 LUX and Indirect Sunlight. The growth and cell 

biomass test of Nannochloropsis oculata using the Walne breeding nutritional 

medium. Carbohydrate content was analyzed by luff schoorli method, fat with 

soxhlex method, protein with Kjeldahl and Lowry method. Calculation of cell 

abundance using Haemocytometre count method was followed by calculation of 

specific growth rate miu μ [9]. The data obtained will be analyzed by statistical test, 

with ANOVA test with 5% error rate. Thus, it can be known that the inhibition of 

carbon dioxide (CO2) with various treatment of light source to growth. 

Nannochloropsis oculata culture is conducted on a laboratory scale. During the 

culturing process, N. oculata is highly dependent on the availability of temperature, 

aeration, pH, nutrient formulas, light intensity, and carbon dioxide. With culture 

media pH ranging from 8-9, with optimum pH 8.5-9. The intensity of light (lux) used 

at 3000lux and 9000lux was performed on a 24 hour light treatment [10; 16]. 

 

Growth Test and Cell Biomass on Nannochloropsis oculata with Walne medium 

Nannochloropsis oculata seeds as much as 1L with cell density of 1 x 106 cells / ml 

cultured on culture container volume 2 L. Then given medium as culture growth with 
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medium Walne. The observation of the abundance of microalgae cells from each 

study jar was done every day. The calculation of cell abundance using 

Haemocytometer and microscope is observed for 24 hours once [2]. 

The content of dissolved carbon dioxide in water can be calculated using titration 

method by Boyd in 1988. The calculation of abundance of microalga cells In addition 

to calculating the abundance of microalgae cells, also calculated the specific growth 

rate μ [9]. 
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Calculation of growth of phytoplankton cell Nannochloropsis oculata. N is density of 
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Nannochloropsis oculata with medium Walne 

Carbon concentration dissolved is calculated using following formula of Boyd in 1982. 
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Where  m is the tittrant volume of NaOH, p is molarity of CO2, V and l is water 

volume. N is constant (0.0227). While the biomass density are calculated using 

following formula 
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The analysis was statistically performed by the ANOVA and Duncan test. ANOVA 

(Analysis of Variance) test was conducted to determine the real effect of treatment on 

the variables studied [9]. 

 

RESULT AND DISCUSSION  

Nannochloropsis oculata culture is done on a laboratory scale. During the culturing 

process, N. oculata relies heavily on the availability of temperature, aeration, pH, 

nutrient formulas, light intensity, and carbon dioxide. With culture media pH ranging 
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from 8-9, with optimum pH 8.5-9. The intensity of light (lux) used at 3000 lux and 

9000 lux was performed on a 24 hour light treatment. 

By applying 15% CO2 concentration with CO2 gas flow rate (0.0199 g / l / m) at 180 

buble / hour and 35% carbon dioxide injection with CO2 gas flow rate (0.0599 g / l / 

l), speed 480 buble / hour, it is applied nutrition formula Walne every 2 days once as 

much as 1 ml.  Growth of nannochloropsis oculata performed for 21 days has 

increased, with the number of cells abundance in each treatment has different values. 

On the 3rd day until the 11th day, there is a steady increase with the condition of 

almost balanced growth value, this phase is called lag phase. The lag phase is 

characterized by an insignificant increase in density. 

 

Figure 1. 15% CO2 concentration a gas flow rate (0.0199 g / l / m) at 180 buble / hour 

and 35% carbon dioxide injection with CO2 gas flow rate (0.0599 g / l / l) speed 480 

buble / hour. Performed nutrition formula Walne every 2 days once as much as 1 ml. 
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CO2 absorption by the Phytoplankton 

 

Figure 2. CO2 Absorption by the phytoplankton for every light intensity 

 

Based on the graph above, the concentration of dissolved carbon dioxide is directly 

proportional to the cell biomass productivity. This means that the higher the 

absorption of carbon dioxide the greater the rate of biomass productivity. And the 

lower the uptake of carbon dioxide, the lower the biomass productivity. for best 

growth occurs at carbon dioxide concentration 35% CO2 / 2kg CO2 with light 

intensity 9000 lux in 1 l / minute yielded percentage of optimal absorbed CO2 that is 

equal to 0,73245 g / l, and for treatment with concentration of 15% CO2 / 2kg CO2 

with light intensity 3000 lux, that is equal to 0,5327 g / l. Meanwhile, for the 

treatment of light intensity control 3000 lux and 9000 lux 0% CO2, no soluble carbon 

dioxide uptake analysis was done with 0% CO2 percentage.  

The results of Nannochloropsis oculata's ability to absorb carbon dioxide tend to be 

good, compared with previous research, Okryreza et al. (2013), percentage of carbon 

dioxide uptake in some fioplanktons, namely Chlorella vulgaris (0.551 g / l), 

Chlamydomonas sp. (0.052 g / l), and Spirulina sp. of (0.891 g / l). It is known that 

the highest percentage of carbon dioxide absorption (CO2) is Spirulina sp. which is 

able to absorb carbon dioxide (CO2) optimally. This is possible, because Spirulina sp. 

is a type of blue-green pigment algae that has better adaptability than Chlorella 

vulgaris, Chlamdomonas sp. as well as Nannochloropsis oculata which is a green 
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pigmented algae. Based on these results, not the same as the results of research that 

has been done by Klinthong et al. [10]. 

 

Effect of Light Intensity on Biomass Production Growth 

Based on the results obtained from this study, increased production of biomass growth 

occurs in the exponential phase. In the exponential phase occurs cell division up to 

two-fold, so that from the optimal growth results, it can be known that the number of 

biomass N. oculata is increasing. The highest biomass increase occurred in the final 

exponential phase, i.e.on the 15th day at the treatment of 9000 lux 35% CO2 / 2kg 

CO2 with an increase of 0.9867 g / l. 

 

Figure 3. Biomass production in Exponential Phase 

 

Meanwhile, for the lowest biomass increase occurred in the final exponential phase, 

i.e. on the 15th day on the control treatment 3000 lux 0% CO2. By giving 

concentration of optimal lux intensity, it is effective for the absorption process of 

carbon dioxide as to increase growth rate and production of cell biomass 

Nannochloropsis oculata. In accordance with the results obtained by Hirata et al., 

(1996) which mentions that the higher the intensity of light given the higher growth 

rate of phytoplankton cells are consistent as well as to the maximum point. 

 

Modelling the Experimental Data 

Here, the Nanochloropis oculata has been experimented as the ‘Predator’ of the ‘Prey’ 

Carbon (CO2) Concentration to produce the biomass energy. The in vitro data of the 
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experiment is used for built a mathematical model based on Lotka-Volterra in 1926 

[15]. In this work we propose a model to predict the increase of biomass density due 

to CO2 concentration, considering the plant-atmospheric carbon interaction. Basically 

we first obtain an experiment data considering the grows of the Nanochloropis 
oculata with controlled light density and evaporation. This data is then to be used for 

built the mathematical model based on modification of Lotka-Volterra predator-prey 

model. This research is to draws a provision of the interaction between the biomass 

plant and the anthropogenic carbon in the atmosphere, with the equations is: 

aCvN
dt
dC

 .                                    (5) 

),( TLfNAeC
dt
dN

 .                                 (6) 

We consider the carbon concentration as prey, while the biomass density is predator. 

The carbon concentration (mg/l) is denoted by  C which depends on adduction rate a 
(mg/days). The vegetal biomass distribution v is proportional  to the density of 

produced phytoplankton N (ppm). A (t) is the parameter related to the in vitro 
treatment such as the light density L and the temperature T. The T0 is room 

temperature: 

T
T

bLTTLA
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 .                                  (7) 

The sampled experimental data for 25 days is presented below (controlled light 

density of 9000 Lux at room temperature (250). 

 

Figure 4. The experimental data vs the predicted model 
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Based on the results obtained from the simulation, the proposed model may represent 

the results of a carbon conversion experiment into biomass with plankton media. Can 

be seen in experimental data of carbon concentration, the fit simulation model is near 

perfect. On the other hand, biomass density simulation faces little problem in 

emulating experimental data. This occurs because the biomass experimental data is 

slightly anomalous in the modeling. There may be several in vitro factors during the 

chemical treatment, in the experimental sample. However, in this real case it is within 

reasonable limits.. More result can be seen in full paper 

 

CONCLUSION  

Based on the result of research, it can be concluded that: The higher concentration of 

carbon dioxide and the intensity of light (lux) given the higher the rate of growth and 

production of cell biomass Nannochloropsis oculata. Carbon dioxide concentration 

35% CO2 / 2kg CO2 and light intensity 9000 lux effective in accelerating cell growth 

rate of 6,025.000 cell / ml and increase cell biomass production rate of 

Nannochloropsis oculata equal to (0,9867 g / l) with absorbance value equal to (1, 23 

Abs). With the concentration of dissolved carbon dioxide (0.735 g / l). The 

mathematical model has been proposed to the experimental data of CO2 by the 

phytoplankton. The result shows that the model is well fitted for the first 21 days of 

data. However, we need more data to validate the model in term of building a robust 

model prediction. 
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