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Abstract: Photobioreactor (PBR) have been one of the most popular system that used for 

multiplying microalgal biomass. Many researches have been conducted to develop photobioreactor 
that suit the most with prominent microalgae strains. Carbon dioxide supply is one of many sectors 
that play an important role for growing microalgae. Carbon dioxide are used by the microalgal cells 
to produce many chemical compounds that support growth. In many cases, carbon dioxide must be 
solved into growth media to be utilized by the cells. This research focused on analyzing the effect of 
carbon dioxide solubility increasement caused by variation of baffle in airlift photobioreactor 
(APBR) to growth rate of Synechococcus HS-9 biomass. Twenty-one day of experiment resulting 
that there are growth rate differences occurs. The highest growth rate occurs in APBR-A, APBR-B, 
and control PBR are 0.515, 0.463, and 0.738 respectively. Despite of the maximum growth rate 
occurred, there are fluctuation of growth rate happen during experiment. Carbon dioxide solubility 
test then conducted to see effect of baffle variation. The best carbon dioxide solubility occurred in 
APBR-B with 23 mg/L, then followed by APBR-A with 22 mg/L, and control PBR with 20 mg/L 
after 24 hours of treatment. Further analysis resulting that there is no strong correlation between 
carbon dioxide solubility increasement to growth rate of Synechococcus HS-9 biomass. This 
occurred due degression of acidity value (pH) caused by excess of carbonic acid formed by carbon 
dioxides who diluted into growth media. 
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1.  Introduction and background  
Energy is one of the most important things that support 

human lives. Human nowadays are exploiting non-
renewable energy resources to maintain their activities1). 
In order to maintain energy sustainability, sustainable 
development goals (SDG) stated that we need to achieve 
affordable and clean energy for our future2). This goal can 
be achieved by change our old energy resources to the 
renewable energy resources3) One of many types of 
renewable energy resources came from utilizing 
microalgae biomass. Prokaryotic microalgae 
(cyanobacteria) is a type of microalgae that has the 
potential to be used as a renewable energy source. This is 

because they can produce lipids properly. Examples of 
potential cyanobacteria are genus Synechococcus4) and the 
genus Leptolyngbia5). 

Microalgae are photosynthetic microorganism that have 
contents similarities with plants6). This microorganism 
can produce biochemical substances that can be utilized 
for developing biofuels7). The biochemical substances 
occurred in microalgae are carbohydrates, lipid, and 
protein3). Carbohydrates and lipid extracted from 
microalgae bodies, later can be derived into many kinds 
of biofuels such as biodiesel and bioethanol7). Microalgae 
utilized photon from light sources and turn it into 
biochemical substances through photosynthesis. The 
waste product of this mechanism is oxygen that later can 
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be accumulated in the atmosphere and utilized by other 
organisms8). Based on that ability, microalgae can be a 
good chance to be used to achieve affordable and clean 
energy resources.  

Utilization of microalgae as biofuel feedstock need a lot 
of biomass. To achieve that, many researchers are 
conducting experiment to develop optimum system for 
growing microalgae biomass. The system used for 
multiplying microalgae biomass is photobioreactor 
(PBR)9). One type of photobioreactor that is commonly 
used to increase microalgae biomass is the bubble column 
photobioreactor (BCPBR). This type of photobioreactor is 
commonly used because of its slim shape, so that the use 
of area for the photobioreactor is more efficient than other 
types of photobioreactors10). Controlled factors in the 
system include the availability of nutrients, light, 
temperature, acidity (pH) and air11). The combination of 
all these factors affects the quantity and quality of biomass 
produced. The determination of the combination of all the 
factors above is carried out specifically for the microalgae 
used, so that the development of a photobioreactor system 
needs to pay attention to the type of microalgae used. 

To develop optimum PBR system for microalgae, 
several factors must be researched. These factors are light 
intensity, temperature, nutrition, acidity, and gas supply12). 
One of the most important factors to be researched is gas 
supply. Microalgae used carbon dioxide (CO2) to be 
carbon sources for producing biochemical substances. 
Microalgae usually utilized dissolved CO2 and absorb it 
into their cell13).  Higher amount of dissolved CO2 mean 
that more carbon can be utilized by the cells. In order to 
increase CO2 solubility, physical modification of PBR 
system such as baffle addition can be conducted. Addition 
of baffle is increasing CO2 residence time14). It means 
CO2 injected to the system had more time to react with 
water and dissolved.  

Optimal gas solubility can be obtained by adjusting the 
current pattern in the photobioreactor system. The 
optimization process is carried out by adding a baffle 
component10). The addition of these components causes 
the conventional BCPBR system to be modified into an 
airlift photobioreactor (APBR). 

Synechococcus HS-9 is used in this research as 
biological agent for microalgae biomass production. This 
kind of microalgae is indigenous cyanobacteria isolated 
from Rawa Danau hot spring in Banten, Indonesia15). 
Synechococcus has round (coccoid) with a size ranging 
from 0.5-2.5 µm16). Synechococcus HS-9 is known to 
contain fatty acids which can potentially be used as 
biodiesel agents17). The strain was chosen because it can 
be multiplied rapidly and their ability in extreme area18). 
The biochemical substances contained inside the cells also 
abundant to be used as biofuel feedstock 19). This research 
aim is to analyze effect of CO2 solubility increasement 
impact to growth rate of Synechococcus HS-9 biomass. 

 
 

2.  Method and experimental setup 
There are several steps in this research. The research 

scheme can be seen in figure 1. The first step is the PBR 
system preparation. There are nine units of PBR used in 
this research (figure 2). These nine units of PBR are 
consists of three variation with three time of replications. 
The first system is bubble column photobioreactor 
(BCPBR) as control. Second and third system is airlift 
photobioreactor (APBR) with baffle diameter variations. 
Variations conducted in APBR system are 6 cm and 8 cm. 
All of the PBR system was assembled according to the 
design in figure 3, and figure 4, meanwhile figure 5 
describing diameter of baffle variations.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1: The research scheme 

 
 
 
 
 
 
 
 
 
 

 
 
 

Fig. 2: The nine units of PBR: three BCPBR for control; 
three APBR type A; three APBR type B 
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Fig. 3: The design of bubble column photobioreactor 

(BCPBR) 
 
 

 
Fig. 4: The design of airlift photobioreactor (APBR) 

 

 
Fig. 5: Diameter (Ø) variations of baffle (APBR A (left): 6 

cm; APBR B (right): 8 cm) 
 
The Synechococcus HS-9 biomass later was cultivated 

into NPK 80 ppm growth media with acidity number (pH) 
6.5 and then incubated inside the system20). The 
observation was conducted for 21 days. Data collections 
including Synechococcus HS-9 cell number and CO2 
solubility. Cell number acquired in this research then 
processed into growth rate through this formula 111). 

 
ὶ =    (1) 

 
Carbon dioxide (CO2) solubility was measured using 

titration methods. NPK 80 ppm media was treated inside 
the PBR system for 4 hours and 24 hours. Later the growth 
media was sampled and measured by using Na2CO3 0.045 
N and phenolphthalein (PP). Data acquired then processed 

into this formula 221). 
 

άὫ. ὒ  ὅὕ  =  × ὴ × 0,5 (2) 

 
Later, all of the acquired data will be accumulated and 

processed into table and graph. 
 

3. Results and Discussion 
3.1. Analysis of carbon dioxide (CO2) solubility 

Carbon dioxide (CO2) solubility was measured by 
using titration methods. Data acquired in this step include 
CO2 solubility in distilled water and NPK 80 ppm growth 
media after 0 hours, 4 hours, 24 hours, and NPK 80 ppm 
with Synechococcus HS-9 inside it. All of the parameters 
measured from all three types of PBR systems. Results of 
this step are described in table 1.  

 
Table 1: CO2 solubility inside PBR systems (ØAPBR A: 6 

cm; ØAPBR B: 8 cm) 

Parameters 
CO2 solubility 

(mg/L) 
Distilled Water 8 

NPK 80 ppm 10 

NPK 80 ppm BCPBR (4 hours) 13 

NPK 80 ppm BCPBR (24 hours) 20 

NPK 80 ppm BCPBR + Synechococcus 15 

NPK 80 ppm APBR A (4 hours) 20 

NPK 80 ppm APBR A (24 hours) 22 

NPK 80 ppm APBR A + Synechococcus 17 

NPK 80 ppm APBR B (4 hours) 21 

NPK 80 ppm APBR B (24 hours) 23 

NPK 80 ppm APBR B + Synechococcus 19 
 

Based on the results, data shown that CO2 solubility 
inside distilled water and normal NPK 80 ppm are 8 mg/L 
and 10 mg/L respectively. Meanwhile, the highest CO2 
solubility in BCPBR 20 mg/L after 24 hours, APBR A was 
22 mg/L after 24 hours and APBR B was 23 mg/L after 24 
hours. As we see in the results, CO2 solubility increase 
progressively from the normal CO2 solubility to 
maximum CO2 solubility. This result was influenced by 
addition of baffle inside APBR system. Baffle inside 
APBR system create two zones with different pressure22). 
The zone was down comer and upriser. Zone created 
inside the system created flow pattern as seen in figure 6.   
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