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Abstract
Microalgae has emerged as a promising approach for removing substrate and nutrient from wastewater with the concomitant biofuel production.
The substrate and nutrient removal are influenced by several factors such as C/N ratio, F/M ratio, pH, and DO. This study aims to determine the
efficiency of substrate and nutrient removal with the growth rates of microalgae and biomass by varying the addition of aeration and substrate.
Intermittently aerated reactors were used with the flow rate of 14 L/minute. The batch reactors were prepared by adding glucose substrate of 50
mg/L (Ra0A), 100 mg/L (Ra0B), and 150 mg/L (Ra0C) without aeration; 50 mg/L (Ra12A), 100 mg/L (Ra12B), and 150 mg/L (Ra12C) with
12-hour aeration, and 50 mg/L (Ra24A), 100 mg/L (Ra24B), and 150 mg/L (Ra24C) with 24-hour aeration. The substrate removal, expressed
as chemical oxygen demand (COD) in the reactor with aeration, showed the efficiency of 73.88% ± 2.05 (12-hour aeration), 75.2% ± 3.97
(24hours aeration), and 69.86% ± 5.69(without aeration). Nutrient removal as ammonia-N (NH3-N) gave high removal value of 98.3% ± 0.11
and the removal of nutrient as phosphate (PO3-4) showed the efficiency of 54.3% ± 0.1. The growth rate of microalgae and biomass exhibited
the highest value in Ra24C reactor with the values of 0.0229/day and 0.1295/day, respectively. The pH values indicated a shift from normal to
alkaline while DO values increased by the addition of 12 and 24-hour aeration.
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1. Introduction
Algae biomasses are becoming the main alternative energy
source for biodiesel production [1]. Fuel demand escalates
rapidly, and particularly in Indonesia, it has already reached 36million barrel oil equivalent (BOE) annually [2]. By far,
Venezuela, Saudi Arabia, Canada, Iran, Iraq and Russia are the
proven major crude oil reserves [3].
For years now, diesel fuel is the most consumed fuel among
crude oil from fossil fuels [4]. It is widely known that some
Indonesian water bodies are overgrown with microalgae [5,6].
Research finding demonstrated that at least 14 species of
microalgae were potential for biodiesel production with an oil
content of 15-77% of dry weight. Accordingly, microalgae was
proven to be a promising candidate as a raw material for
biodiesel production [7].
The study of Erlania et al. revealed that, of hundreds types
of microalgae, some contained ideal bioactive compounds as
feedstock for biofuels [8]. The crude oil content obtained from
one species of microalgae, Nannochloropsis sp., can reach 3168% (dry w/w) [8]. The ideal characteristics of microalgae
species for biofuels are having high fat content, adaptive to

environmental changes and growing fast. This technology
produces higher vegetable oil content in comparison to other
plants with equivalent land area [9].
The lipid biosynthesis process in microalgae requires a large
amount of energy, involving the formation process and lipids
collection [10]. Photosynthesis rate in microalgae when aerated
with CO2, will stimulate bucket synthesis. Excess
carbohydrates in microalgae cells will be optimized in the form
of total lipids.
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Fig. 1. Illustration of Photobioreactor
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To improve sustainable wastewater treatment, a process
producing effluent, according to quality standards, and reused
or reduced by-products, is pivotal. Further, domestic
wastewater discharged directly into water bodies without any
prior treatment will cause various problems and without any
doubt, will alter the quality of water bodies. Therefore,
domestic wastewater treatment is suitable for this algae system.
The aim of the present research is to study the efficiency of
substrate and nutrient removal with respect to the growth rates
of microalgae and biomass by varying the addition of aeration
and substrate from photo-bioreactor (as shown in Fig.1).
2. Materials and Methods
2.1 Experimental set-up
Nine reactors with a capacity of 19 liters and aerators with
the power capacity of 14 liters/minute for oxygen supply to the
aerator for 12 hours (Ra12) and 24 hours (Ra24) were used. For
each reactor, a fluorescent lamp with lighting power of 40 watts
was utilized for 12 hours.
The details of the reactors are presented as follows:
a) Three unit reactors with no aeration and glucose
addition of 50 mg/L (Ra0A), 100 mg/L (Ra0B), and
150 mg/L (Ra0C).
b) Three unit reactors with 12-hour aeration and glucose
addition of 50 mg/L (Ra12A), 100 mg/L (Ra12B), and
150 mg / L (Ra12C) to photobioreactor.
c) Three unit reactors with 24-hour aeration reactor and
glucose addition of 50 mg/L (Ra24A), 100 mg/L
(Ra24B), and 150 mg/L (Ra24C) to photobioreactor.
2.2. Measured parameters
COD was analyzed using closed reflux titrimetric method,
while ammonia-N (NH3-N) was analyzed using nesslerization
method in accordance with the standard method 4500-NH3.
Phosphate parameter, meanwhile, was measured according to
the 4500-P standard method. To determine the total weight in
the form of algae and bacteria, mixed liquor suspended solids
(MLSS) was analyzed using TSS gravimetric method at
temperature 103ᵒC - 105ᵒC. This analysis was a continuation of
the mixed liquor volatile suspended solids (MLVSS) analysis,
whereby the solid weight of MLVSS was refined using a
temperature of 550ᵒC. Dissolved oxygen (DO) analysis was
measured using DO meters in centigrade.
The µ value is an indicator of biodegradability level of
wastewater treatment process. An increase in the biomass
amount (dx) during a short time interval (dx) is proportional to
the amount of available biomass (x). A low µ value indicates a
slow microorganism growth.
dX/dt =

µ .X

(1)

Where: dx/dt = population growth rate; µ = specific growth
rate (d-1), X = growth rate of unity of biomass (unit = 1/t). The
μ value can be determined using the following equation:
ln(Xn/Xo) = (µ .t)

(2)

Where: t= time, unit (day), Xn= biomass concentration of
the nth day, (mg/L), and X0= biomass concentration of day 0,

mg/L. The specific growth rate (µ) can be estimated from the
slope of time (t) versus biomass concentration (lnXn).
3. Results and Discussion
3.1. COD removal
COD concentration in each reactor is shown in Figure 2.
After twelve days, the COD concentration in Ra0, Ra12 and
Ra24 reactors were 69.86%±5.69, 73.88%±2.05 and 75.2% ±
3.97 respectively. The increase in COD concentration during
analysis period suggested the presence of lysis (microorganism
cell rupture) and the organic material contained in
microorganism cells. Bacteria use organic substances available
in the reactor for their growth and development. Foladori et al.
obtained the COD removal efficiency of 87 ± 5% for photobioreactor without any external aeration [11]. Chlorella
vulgaris with activated sludge can reach the COD removal
efficiency of 79.86 ± 6.11 % [12]. This photo-bioreactor could
be potentially integrated with microbial fuel cell system and
generated a bioelectricity of 20.3 W/m3 and removal efficiency
of 85 % COD [13].
3.2. Ammonia-N removal
In this study, ammonia-N and phosphate as the nutrients
were measured. The removal concentration values of ammoniaN were higher than that of phosphate as presented in Figure 3
and Figure 4 respectively. Initial ammonia-N concentrations
vared in each reactor. Ra0A reactor gave the lowest initial
ammonia-N concentration of 18.01 mg/L; on the other hand,
the highest ammonia-N concentration of 41.29 was observed in
Ra24C reactor. Satisfying ammonia-N removal was achieved,
shown by a continuous increasing efficiency from 90.8% ± 0.05
to 98.3% ± 0.11 at 4th and 12th day measurement.
Figure 3 shows a drastic reduction of ammonia-N
concentration in the first three days because nutrients would
increase rapidly due to algae mixing during the first three days.
The optimal condition was achieved on the third day. The
release of cellular increased NH3-N concentration; therefore,
more NH3-N was available for algal cells. In photo-bioreactor
with continuous system (hydraulic retention time, HRT: 8.5
day; 12.1 day; and 16.1 day), ammonia removal efficiency
reaches 85% [14]. This value is lower than the batch system for
this study. The removal of ammonia-N with Chlorella
minutissima was 94% [15], whereby this result is consistent
with culture algae of our study.
3.3. Phosphate removal
In contrast to ammonia removal, phosphate removal
demonstrated a fluctuating result in each reactor. On the second
day, the phosphate value increased and continued to decrease
until day 12 for each reactor. The average phosphate removal
obtained was 54.3%±0.1 with Ra0A, Ra0B, and Ra0C reactors
showing the highest removal of 66.52%; 63.43%; and 60.32%,
respectively. The similar trend of phosphate removal was
observed in this study, given in Figure 4. Initially, the
phosphate concentration increased, and then decreased. This
suggested the phosphate uptake by algae. Termini et al.
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reported the N: P ratio used was 15: 1 and continuous stirring
was applied to prevent the sedimentation of algal cells [16] . On
contrary, the increase in phosphate concentrations might be due
to high phosphate absorbed by algae in the form of
polyphosphates. As a consequence, this accumulation can
cause death and rupture of green algae cells.
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MLVSS value indicates the number of biomass formed in a
biological wastewater treatment. Calculated from equation 2,
higher glucose addition from 50 mg/L to 150 mg/L stimulates
growth rate (µ) in the form of MLVSS (Table 1). In line with
glucose addition, aeration time appears to fasten the growth
rate. Specific growth rate displays the highest value at glucose
concentration of 150 mg/L with a rate of 0.0229/day.

3.4. Algae and bacteria growth
The C/N ratio is one of the factors that influences the growth
of microorganisms including algae and bacteria. Glucose
addition promotes higher C/N ratio. As shown in Figure 5, C/N
ratio exhibits an increasing trend by glucose addition of 50
mg/L, 100 mg/L and 150 mg/L respectively.

Figure 3. Measured NH3-N concentration at specified time for each reactor

Fig. 4. Measured PO3-4 concentration at specified time for each reactor

Fig. 5. Initial C/N ratio for each reactor
Fig. 2. Measured COD concentration at specified time for each reactor.

Chlorophyll is a green pigment in plants, algae and
photosynthetic bacteria. Therefore, in this study, the
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chlorophyll-a concentration was used to describe the amount of
algae present in the reactor. By adding glucose to wastewater,
the concentration of chlorophyll-a improved in all reactors. The
increased bacteria activity was indicated by the higher
concentration of chlorophyll-a. The fastest chlorophyll-a
growth rate in reactors Ra24A, Ra24B, and Ra24C was
0.1345/day; 0.1528/day, and 0.1295/day respectively as
summarized in Table 2.
Table 1. Effect of glucose concentration and aeration time on specific growth
(µ) at each reactor

Initial
concentration
of substrate

Specific growth (µ)
1
/d
Aeration time
Control
(Ra0)

12 h
(Ra12)

24 h
(Ra24)

50 mg/L (A)

0.0018

0.0011

0.0082

100 mg/L (B)

0.0027

0.005

0.0195

150 mg/L (C)

0.0043

0.0167

0.0229

Likewise, Tercero et al., and Suryawan and Sofiyah reported
high specific growth rate with Chlorella protothecoides of
1/day and Chlorella sp. of 0.6/day [20,21].
The oxygen transfer carried out due to photosynthesis from
algae was shown by the increase of DO concentration in each
reactor (Figure 6b). In 48 hours, reactor without aeration (Ra0)
provided lower DO concentration (3-3.5 mg/L0 than reactor
with aeration, Ra12 and Ra24 (above 5 mg/L). The pH value
measured in this research (7.6-9.4) was favorable for the
growth of Nannochloropsis oculate. Elzenga et al. and Ortiz et
al. stated that Nannochloropsis oculata could thrive in pH
range of 7.0-9.5 [22,23]. The range of DO values in the study
was suitable for microalgae growth due to the high supply of
oxygen produced during photosynthesis. At daytime, the
oxygen levels were sufficient for photosynthesis. However, at
night, photosynthesis could not take place; this might be
because of oxygen deficit resulted from the continued use of
oxygen from respiration. In addition, high DO conditions can
enhance organic removal in cultured microorganisms [24].

The increasing concentration of chlorophyll-a is due to the
activity of bacteria. Bacteria oxidize the incoming organic
waste to produce carbon dioxide, ammonia, and phosphate.
Algae will further use carbon dioxide produced by bacteria for
photosynthesis along with water and sunlight [17]. Therefore,
the increase of bacterial concentration leads to an increase in
algae concentration as indicated by higher value of chlorophylla. If the nutrients required are insufficient, the cells cannot
grow optimally and this will consequently inhibit the growth
cell of algae [18].
Table 2.Chlorophyll-a specific growth rate in each reactor

Specific growth (µ)
Reactor
1

/d

Ra0A

0.0496

Ra0B

0.0579

Ra0C

0.063

Ra12A

0.1049

Ra12B

0.1147

Ra12C

0.1052

Ra24A

0.1345

Ra24B

0.1528

Ra24C

0.1295

As shown in Table 1 and Table 2, the value of μ increases
with glucose addition. The greater value of μ indicates the
higher growth rate of microorganisms. The same magnitude of
μ occurs for both algae and bacteria. This shows an excellent
symbiosis between algae and bacteria for simultaneous well
growth. The results of this study are linear with the finding by
Tan et al. with algae specific growth from 0 to 1.033/day [19].

Figure 6. Results of measurements of pH (a) and DO (b) values at each
reactor

4. Conclusion
The 12-hour and 24-hour Aeration showed high COD
removal efficiency of 73.88%±2.05 and 75.2%±3.97
respectively. Whereas, lower removal efficiency of 69.86% ±
5.69 was obtained without aeration. NH3-N and PO3-4 removal
efficiencies achieved were 98.3%±0.11 and 54.3%±0.1
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respectively. The growth rates of microalgae were 0.0496 0.1528/day, while biomass was 0.0011 – 0.0229/day.
14.
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