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Abstract: The feasibility for simultaneous local fresh water oleaginous algae cultivation and
wastewater nitrogen removal were discussed in this study. The operation factors including illu-
mination intensities, carbon source, initial nitrogen source, and retention time were fixed. The
results indicated that the algae biomass increased from 28.3 mg/L to 254 mg/L at the 7th day.
The oil weight increased from 5.75 mg/L to 85.34 mg/L at the 7th day. The percentage of algae
oil increased from 20.4 % to 33.6 %, or by 13.2 %. The first-order equation was found to be the
excellent fit model for describing the growth of algae biomass and production of oil content. The
values of growth rate constant of algae and production rate constant were 0.3095 1/day and
0.3738 1/day, respectively. The value of production rate constant was about 1.2 times as that of
the value of growth rate constant of algae, indicating an unbalance growth of algae biomass and
oil content. The removal efficiency for ammonia nitrogen and phosphate was 84.8 % and 36.2 %,
respectively.
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1. Introduction

Algae are sunlight-driven cells that can be
applied in bioremediation and as fertilizers for
fixing nitrogen. Additionally, these photosyn-
thetic microorganisms can transform carbon
dioxide to potential foods and fuels.
Microalgae can provide renewable biofuels in
several different ways including photobi-
ological biohydrogen production [1-5]; meth-
ane production derived from anaerobic diges-
tion of the algal biomass [6]; and biodiesel
produced from microalgal oil [7-10].

Microalgae grow extremely rapidly and

commonly double their biomass within 24
hours. For some species, biomass doubling
times during exponential growth are shorter
than 3.5 hours. Many microalgae are rich in
oil. Depending on species, oil content in bio-
mass can exceed 80% by weight of dry bio-
mass [11, 6]. Oil levels of 20-50% are quite
common [12]. The algal growth rate and the
oil content of the biomass determine the oil
productivity. Microalgae with high oil pro-
ductivities are preferred for producing bio-
diesel.
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Various microalgae produce many different
types of lipids, hydrocarbons and other com-
plex oils [9, 13-14]. Not all algal oils are suit-
able for manufacturing biodiesel, but suitable
oils exist in many microalgae species. Adopt-
ing microalgae to make biodiesel will not
compromise production of food, fodder and
other products derived from crops.

Because the shortage of petroleum and,
more seriously, the emerging concern about
global warming that is associated with burn-
ing fossil fuels [10], utilizing microalgae as
fuel source becomes noticeably [15, 7]. But
most microalgae must be cultivated using
ocean water, i.e. the cultivation reactor must
be established near seashore.

Wastewater treatment becomes more im-
portant in many countries due to the amount
of wastewater from households and industry
is steadily increasing every year with the ex-
plosion of population and development of in-
dustries [16-23]. The nitrogen and phosphorus
in wastewater are regulated strictly mean-
while the nutrients including nitrogen and

phosphorus are necessary for algae cultivation.

If the problems including fixation carbon,

carbon dioxide reduction, wastewater treat-
ment, and biomass energy usage are taken
into account, the algae are the important way
for biodiesel production and nutrient removal.

Therefore the feasibility for simultaneous
local fresh water oleaginous algae cultivation
and wastewater nitrogen removal were dis-
cussed in this study.

2. Materials and Methods
2.1. Batch reactor

The cultivation system used to carry out the
batch tests for culturing algae biomass is
shown in Figure 1. It consists of circular
chambers with the volume of 1 liter, a mag-
netic stirrer for stirring, and light source be-
side the chamber. The illumination intensities
and temperature were controlled at 2300 Lux
and 30 centigrade, respectively. There was no
extra carbon source for local fresh water ole-
aginous algae cultivation. In addition, the ini-
tial nitrogen and phosphorus concentrations
were varied.
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Figure 1. The oleaginous algae cultivation batch reactor

2.2. Analytical methods

Soxhlet extraction method was adopted to
determine the oil content in algae biomass. In
this procedure, the dry algae biomass was
placed into the Soxhlet extraction apparatus
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for extracting the lipid. The analytical meth-
ods for algae biomass, pH, nitrogen, and
phosphorus were performed according to
Standard Methods [24]. The suspended solids
were used to represent the algae biomass.
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3. Results and Discussion
3.2. Algae biomass and oil content

Figure 2 shows the growth of algae bio-
mass. The algae biomass increased from 28.3
mg/L to 254 mg/L at the 7th day. The con-
centration at the 7th day was about 9 times as
that at initial time. The oil content in algae
biomass revealed an unbalanced growth when
comparing to the growth of algae biomass.

The oil content increased from 5.75 mg/L to
85.34 mg/L at the 7th day as shown in Figure
3. The concentration at the 7th day was about
15 times as that at initial time. The percentage
of algae oil increased from 20.4 % to 33.6 %,
or by 13.2 % as shown in Figure 4. In accor-
dance with Table 1, the oil content of algae in
this study was close to the values of Botryo-
coccus braunii, Chlorella sp., Cylindrotheca
sp., Isochrysis sp., and Nannochloris sp. [12].
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Figure 2. Growth of algae biomass
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Figure 3. The concentration of algae oil content
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Figure 4. The percentage of algae oil content

Table 1. Oil content of some microalgae [12]

Microalga Oil content (% dry wt)
Botryococcus braunii 25-75
Chlorella sp. 28-32
Crypthecodinium cohnii 20
Cylindrotheca sp. 16-37
Dunaliella primolecta 23
Isochrysis sp. 25-33
Monallanthus salina N 20
Nannochloris sp. 20-35
Nannochloropsis sp. 31-68
Neochloris oleoabundans 35-54
Nitzschia sp. 45-47
Phaeodactylum tricornutum 20-30
Schizochytrium sp. 50-77
Tetraselmis sueica 15-23
This study 20-37

Two first-order equations were employed to
analyze the growth kinetic of algae and oil
content as follows.

dC
2o = kaIgaeCalgae (1)
dt

dC,,

FI =K Co (2)

where Cagae is the algae concentration at time
t (mg/L); Kagae is the growth rate constant of
algae (1/day); t is time (day); Coy is the oil
weight at time t (mg/L); kil is the production
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rate constant of algae (1/day).

The experimental data of algae concentra-
tion and oil content were fitted to these two
first-order equations by non-linear regression
method. According to Figure 5 and Figure 6,
first-order equation was found to be the ex-
cellent fit model for describing the growth of
algae biomass and production of oil content.
The R-squared values (R?) in the first-order
equations for describing the growth of algae
biomass and production of oil content were
0.9679 and 0.973, respectively.
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Figure 5. Curve fitting of algae biomass
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These two equations were described as fol-
lows.

C — C e0.3095t (3)

algae algae,0

Coil = Con,oea3738t (4)

where Cagae0 and Coio is the algae concentra-
tion and oil weight at initial time, respectively
(mg/L).

Equation (3) and (4) showed that the values
Of Kaigae @nd Koii were 0.3095 1/day and 0.3738
1/day, respectively. The values of kyj was
about 1.2 times as that of the values of Kagze,
indicating an unbalance growth of algae bio-
mass and oil content. Because of the unbal-

Day
Figure 6. Curve fitting of algae oil content

ance growth of algae biomass and oil content,
some cultivation strategies including hydrau-
lic retention time, nutrient dosage, or with-
drawing algae biomass should be investigated
to gain higher oil content in the further study.

3.2. Nutrient removal

The NH3-N concentration was reduced
from 33.0 mg/L to 5.0 mg/L as shown in Fig-
ure 7. Meanwhile the phosphate was reduced
from 9.4 mg/L to 6.0 mg/L as shown in Figure
8. The removal efficiency for NH3;-N and
phosphate was 84.8 % and 36.2 %, respec-
tively.
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Figure 7. The reduction of NHz-N concentration.
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Figure 8. The reduction of phosphate concentration.

4. Conclusions

The feasibility for simultaneous local fresh
water oleaginous algae cultivation and
wastewater nitrogen removal were discussed
in this study.

The results indicated that the algae biomass
increased from 28.3 mg/L to 254 mg/L at the
7th day. The oil weight increased from 5.75
mg/L to 85.34 mg/L at the 7th day. The per-
centage of algae oil increased from 20.4 % to
33.6 %, or by 13.2 %.

The first-order equation was found to be
the excellent fit model for describing the
growth of algae biomass and production of oil
content. The values of Kagee and koii were
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0.3095 1/day and 0.3738 1/day, respectively.
The value of ko was about 1.2 times as that of
the values of Kage, indicating an unbalance
growth of algae biomass and oil content. The
removal efficiency for ammonia nitrogen and
phosphate was 84.8 % and 36.2 %, respec-
tively. The local fresh water oleaginous algae
are potential for oil production.
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