Ceylon Journal of Science 45(3) 2016: 93-101
DOI: http://doi.org/10.4038/cjs.v45i3.7405

RESEARCH ARTICLE

Evaluation of the Suitable Environmental Conditions for Selected
Freshwater Microalgae Species with the Potential for the Production of
Biodiesel
U.L.D.I. Kalana1, C.S. Kalpage2 and S.K. Yatigammana3,*
1

Postgraduate Institute of Science, University of Peradeniya, Sri Lanka
Department of Chemical and Process Engineering, Faculty of Engineering, University of Peradeniya, Sri
Lanka
3
Department of Zoology, Faculty of Science, University of Peradeniya, Sri Lanka
2

Received: 11/10/2016; Accepted: 10/11/201016
Abstract: The importance of using renewable green
energies is being debated globally since harmful
effects due to continuous combustion of fossil fuels
have been realized. Biodiesel is one of the
substitutions for fossil fuels. Production of biodiesel
from microalgae is categorized under third generation
biofuels which are considered to be viable alternative
energy resources. This study was focused on
investigating growth kinetics of freshwater
microalgae, cultivated in synthetic wastewater under
laboratory conditions in order to identify the species
with the highest potential for the production of
biodiesel. Three freshwater microalgal species were
isolated from water samples collected from two
reservoirs, Victoria reservoir in Central Province (7˚
14ˊ N, 80˚ 47ˊ E) and Ulhitiya reservoir in Uva
Province (7˚ 27ˊ N, 81˚ 3ˊ E) of Sri Lanka. Light
intensity, aeration and temperature were varied during
the cultivation of algal species in a synthetic
wastewater medium. According to the results,
Chlorella sp. showed the highest growth rate
compared to Monoraphidium sp. and Scenedesmus sp.
under all three environmental conditions provided.

energy sources. The idea of producing methane
gas from algae was not recent but goes back to
early 1950s. Moreover, the oil crisis reported
especially in 1970s resulted in the acceleration of
algal research for oil production (Campbell et al.,
2011). However, due to the high availability of
fossil fuel at that time, these concepts may have
not realized. After understanding the limitation
of fossil fuel resources, idea of searching a
sustainable solution for the current energy crisis
renewed (Naik et al., 2010).

INTRODUCTION

When compared to the other energy
sources, freshwater microalgae have a high
potential as biodiesel precursors because many of
them contain hydrocarbons over 60% of the dry
weight. Recent studies have shown that the
average lipid content of microalgae varies from
1% -70% on dry weight basis (Fernandes et al.,
2010). Triacylglycerides (TAGs) generally serve
as energy storage compounds in microalgae and
once extracted can be easily converted into
biodiesel through transesterification. Lipid
production and extraction from algae depend on
the algal species and also with the extraction
solvent system.

The need to reduce the dependence on petroleum
based fuels is becoming important because of the
global warming and the energy crisis. These
apprehensions have increased the interest in
developing first and second generation biofuels
based upon resources such as vegetable oils and
lignocelluloses, respectively (Mata et al., 2010).
Due to various problems encountered with
previous generations of biodiesel, scientists are
now aiming for third generation biodiesels where
microalgae and sea weeds are widely used as

One of the important characteristic feature
of microalgae is their ability to grow effectively
in wastewater as they utilize abundant organic
carbon and inorganic nutrients (N and P) present
in wastewater (Chen et al., 2011), which
ultimately provide an added benefit for the
production of biofuel. Hence, combining the
goals of sustainable fuel production and
wastewater treatment through the cultivation of
microalgae can be considered as a two-way effort
of green energy. The cultivation of microalgae in
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wastewater offers a far more attractive
proposition from an environmental point of view,
specifically for industrialized and developing
countries.
Therefore, our study aimed to evaluate the
most suitable environmental conditions for the
cultivation of three selected microalgal species
isolated from Sri Lankan reservoirs. The selected
algal species were cultivated under various
conditions of temperature, light intensity and
aeration. The results obtained were matched with
the Michaelis-Menten kinetic model.
MATERIALS AND METHODS
Sample collection
Algal samples were collected from two selected
reservoirs in Sri Lanka, Victoria reservoir in the
Central Province (7˚ 14ˊ N, 80˚ 47ˊ E) and
Ulhitiya reservoir in the Uva Province (7˚ 27ˊ N,
81˚ 3ˊ E) during the months of July and August,
2014. A plankton net with the mesh size of 34µm
was used for the sampling.
On site measurements were also taken for
temperature and conductivity during the time of
sample collection. The collected water samples
containing algae were preserved in a cool pack
(~4ºC) and taken to the Environmental Research
laboratory at the Department of Zoology,
University of Peradeniya with maximum delay of
24 hrs.

Cultivation of algae
For the cultivation of microalgae, a synthetic
wastewater medium was prepared using the
method outlined by Zhu et al. (2013) (Table 1).
Plate culturing
From the prepared culture medium (synthetic
waste water), 200 ml was taken and 2.00 g of
agar was added. Then the medium and other
glassware were autoclaved under the pressure of
1.5 atm, and temperature (121oC), for about 1520 minutes. The autoclaved medium was
transferred to culture plates under a laminar flow.
A dilution series was prepared (10-1 to 10-3) by
using algae containing water samples obtained
from the two reservoirs. An aliquot of 100 µL
from each dilution factor was transferred on to
the solidified culture medium. The water sample
was spread with the help of a sterilized glass
spreader. The culture plates were sealed with
parafilm and allowed to incubate under ambient
temperature and light intensities for 4-10 days.
Cultivation of Microalgae
For the cultivation of microalgae, each algal
colony established (after ~10 days) on culture
plates was transferred into 100 ml of growth
medium (synthetic waste water) using a sterilized
loop. All the algal inoculants were kept for
10-14 days under natural conditions.

Table 1: Chemical composition of synthetic wastewater (Source: Zhu et al., 2013).

Chemicals

Concentration
( mgL-1)

Glucose

120

Peptone

90

KNO3

96

KH2PO4

17

MgSO4.7H2O

24

MnSO4. 5H2O

2.16

FeCl3. 6H2O

0.12

CaCl2. 2H2O

2.4

NaHCO3

300

Yeast extract

12
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After the incubation period, three axenic
cultures were obtained: Chlorella sp. and
Monoraphidiam sp. from Victoria reservoir and
Scenedesmus sp. from Ulhitiya reservoir. The
three algal species were cultivated in containers
(10L in capacity) using the prepared synthetic
wastewater as the medium. Three weeks prior to
the kinetic study, 10 ml from each algal
inoculum was transferred into 250 ml conical
flasks containing synthetic wastewater culture
medium in order to obtain well grown and
healthy algal cells.
Kinetic study
Inoculation

period of 20 days. Daily monitoring of
temperature (T), light intensity (L) with the use
of lux meter (EXTECH, wide range light meter)
and aeration (AE) was done to ensure the
maintenance of growth conditions throughout the
experimental period
Counting of algal cells
A research microscope (Carl Zeiss, GmbH,
Konigsallee, 9-21, Germany) was used for the
observation and counting of algal cells. A
sedgewick rafter cell (PYSER – SGI Limited,
United Kingdom) was used to count the number
of cells.
Kinetic model

Cultivation of microalgal species for the kinetic
study was carried out in 750 ml conical flasks. At
the beginning, 5 ml of algal inoculum was added
to each container. The remaining was filled with
295 ml of liquid culture medium to make the
total volume of 300 ml. Different light
intensities, aeration levels and temperatures were
used (Table 2).
Growth variables
Fluorescent bulbs (Orange Electronic, Day light,
Sri Lanka) with different intensities were used to
provide
necessary
light
intensities.
Ambient/aquarium air pumps (EJET aquarium
pump, 168) were used to provide aeration in
different rates and the temperatures were varied
with the use of thermostatic water baths (YCW –
01, Gemmy Industrial Corp, Taiwan). The
cultivation setup, allowed the major growth
variables to be controlled and maintained at
constant levels. Control samples were also used.

A kinetic model was developed using the cell
counts and optical density of algae. The
maximum growth rate was calculated by using
regression of cell counts versus time. The
Equation (1) shows the relationship between cell
count (x), growth rate (μ), and time (t). The
Equation (2), which is known as the MichaelisMenten Equation/Monod Model, shows the
relationship between specific growth rate (μ),
maximum growth rate (μmax), value of nonlimiting physical parameter (S), and half
saturation constant (Km).

µ = dx/dt
µ = µmax (S/Km + S)
RESULTS AND DISCUSSION

The overall results of the experiment revealed
different growth rates by algal species under
different environmental conditions.

Monitoring of algal culture
Sample collection was done once in 5 days after
introducing the algae into the medium, for a

Table 2: Growth variables provided for algal cultures.

Variables

Control

(1)
(2)

Light intensity
Klux

Aeration
(cm3/min)

Temperature oC

0.71

2

30

1.77

4

35

3.92

8

40

0.35

1

27

96

Growth kinetics of algae with light intensity
All three algal species used for the experiment
showed their maximum growth rates at the light
intensity of 3.92 Klux. However, the increase of
light intensity decreased the growth rates of
Monoraphidium sp. and Scenedesmus sp. with
time. Conversely, at the intensities of 1.77 and
3.92 Klux, Chlorella sp. showed the highest
growth, where Monoraphidium sp. had the
lowest growth (Figure 1a). Interestingly,
Chlorella sp. showed the highest growth rates at
all three light intensities. Even though initially all
three algal species showed their maximum
growth rates at the light intensity of 3.92 Klux, a
rapid decline of growth rates were observed after
five days of incubation This observation can be
related to photo-oxidation process. The photooxidation takes place when cells are exposed to
high light intensity in the presence of high
oxygen concentration. As the cultivation process
has taken place in a closed system, during the
photosynthetic process the containers may get
saturated with oxygen. As a result the
photooxidative effect could promote the
photooxidative death of microalgae.
Growth kinetics of algae with aeration
Chlorella sp. showed the highest growth rate at
the aeration rate of 4 cm3 min-1 and the lowest at
8 cm3 min-1. Monoraphidium sp. showed the
highest growth rate at 8 cm3 min-1. Further, the
growth rate of Monoraphidium sp. was also
increased with the increase of aeration rate.
However, Scenedesmus sp. showed the highest
growth rate at 2 cm3 min-1 and the growth rate
was slightly decreased when the aeration rate
was increased (Figure 1b).
The main purpose of aeration is to supply
the CO2 and to maintain a homogenized culture
medium. When CO2 amount increases, pH can be
reduced in the presence of water, due to the
formation of carbonic acid. Therefore, the
reduction of growth rate of Scenedesmus sp.
could be related to the presence of carbonic acid.
The situation may be related to the high
sensitivity of Scenedesmus sp. to pH than the
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other two species. However, as the interpretation
of results are based on the microcosm
experiments, the macrocosm results could be
different as the media is exposed to the natural
environment and therefore other environmental
factors could have more effect on the growth of
the algae.
Growth kinetics of algae with temperature
At 30 °C, the highest growth rate is shown by
Scenedesmus sp., where Monoraphidium sp.
showed the lowest. Chlorella sp. showed the
highest growth rate at 35 °C. All three algal
species demonstrated an overall negative growth
at 40 °C. Nevertheless, a rapid growth rate was
observed within the first five days and with time
it decreased and this observation was common to
all three species (Figure 1c).
Temperature is one of the important
environmental variables that directly affect the
algal growth. Temperature influences the
physiological processes of organisms, including
influences in cellular chemical composition, the
uptake of nutrients, CO2 fixation in
photosynthetic organisms, and the growth rates.
Generally optimal growth temperatures for most
of the algae are in the range of 5 °C – 40 °C.
Conversely, at temperatures over 38 °C, the
growth inhibits the production of substances such
as oleic acid (mono unsaturated omega – 9 fatty
acid) (Herman, 1991). In addition, under heat
stress condition or with heat shock, the algal
protein contents will be decreased and produce
abscisic acid (ABA), which is a stress hormone.
Production of stress hormones in algae is a key
factor in controlling own-stream responses such
as growth and gene expressions (Cassidy, 2011).
Therefore, it is obvious that the negative growth
rates shown by algal species may be due to the
stress hormone produced at 40 °C. According to
Powell (2008), at 36 °C, there is a 30% increase
of chemical composition in algae that helps to
improve the growth of the species. Interestingly,
when conferring the results of this study, two
algal species (Chlorella sp. and Monoraphidium
sp.) have demonstrated their highest growth rates
at 35 °C.
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Figure 1: Maximum growth rates of algae species at different a) Light intensities; b) Aeration rates and c) Temperatures.
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Figure 2: Michaelis-Menten plots for three algal species at different light intensities.
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Figure 3: Michaelis-Menten plots for three algal species at different aeration rates.
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Figure 4: Michaelis-Menten plots for study algal species at different temperatures.
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Table 3: Optimum growth conditions for the maximum growth rate of three algal species under laboratory conditions.

Species

Chlorella

Monoraphidium

Scenedesmus

Maximum growth rate
/
(Cells × 106/ Day)

Maximum
Specific
growth rate
(µmax) / Day)

Non-limiting physical parameters (S)
Light
intensity/
Klux

Aeration/
(cm3/min)

Temperature
/ °C

Light intensity

192.87

173.40

3.92

-

-

Aeration

137.03

113.22

-

4

-

Temperature

71.76

37.37

-

-

35

Light intensity

24.28

20.83

3.92

-

-

Aeration

26.34

20.70

-

8

-

Temperature

29.46

15.16

-

-

35

Light intensity

25.88

24.08

3.92

-

-

Aeration

20.58

13.36

-

2

-

Temperature

9.21

4.81

-

-

30

Specific growth rates of algae species
Specific growth rates were estimated using
Equation (2). The calculated specific growth rate
values were used to construct a kinetic model for
each algal species at different growth conditions
(Figures 2 to 4). The constructed models were
fitted with the Michaelis-Menten plot.
The maximum and specific growth rates of
the three algal species and their optimum growth
conditions are given in Table 3.
CONCLUSION
This experiment illustrates the ability of
microalgae to adapt and survive under different
environmental conditions. Among the three algal
species used in the experiment, Chlorella sp.
showed the highest tolerance and growth rate
under different environmental conditions created
by altering the light intensity, aeration and
temperature. As Chlorella sp. is known to
contain the highest amount of lipid among the
three species, the present results further enhances
its potential as a renewable and sustainable
feedstock for the production of biofuel.
REFERENCES
Abdel-Raouf, N., Al-Homaidan, A.A. and Ibraheem,
I.B.M. (2012). Review: Microalgae and
wastewater treatment. Saudi Journal of Biological
Sciences. 19: 257-275.
Bacsi, I., Novak, Z., Janoszky, M., B-Beres, V.,
Grigorszky, I. and Nagy, S. A. (2014). The

sensitivity of two Monoraphidium species to zinc
their possible future role in bioremediation.
International Journal of Environmental Science
Technology. 12 (8): 2455-2466.
Balat, M. and Balat, H. (2008). A critical review of
bio-diesel as a vehicular fuel. Energy Conversion
and Management. 49: 2727-2741.
Brennan, L. and Owende, P. (2009). Biofuels from
microalgae, A review of technologies for
production, processing, and extractions of biofuels
and co-products. Renewable and Sustainable
Energy Reviews: 805-826.
Brooker, B.D. (2011). Investigation of microalgae
growth kinetics using coal - fired flue gas as a
carbon source. M.sc. thesis, California Polytechnic
State University, USA.
Campbel, P.K., Beer, T. and Batten, D. (2011). Life
cycle assessment of biodiesel production from
microalgae in ponds. Bioresource Technology.
102: 50-56.
Cassidy, K.O. (2011). Evaluating Algal growth at
different temperatures. M.sc. Thesis, University of
Kentucky, Lexington, USA.
Chen, C.Y., Yeh, K.L., Aisyah, R., Lee, D.J. and
Chang, J.S. (2011). Cultivation, photobioreactor
design and harvesting of microalgae for biodiesel
production: A critical review. Bioresource
Technology. 102: 71-81.
Chisti, Y. (2007). Research review paper Biodiesel
from microalgae. Biotechnology Advances 25:
294-306.
Christenson, L. and Sims, R. (2011). Production and
harvesting of microalgae for wastewater treatment,
biofuels,
and
bioproducts.
Biotechnology
Advances. 29: 686-702.
Converti, A., Casazza, A.A., Ortiz, E.Y., Perego, P.
and Borghi, M.D. (2009). Effect of temperature
and nitrogen concentration on the growth and lipid

100

content of Nannochloropsis oculata and Chlorella
vulgaris for biodiesel production. Chemical
Engineering
and
Processing:
Process
Intensification. 48:1146-1151.
Da Rós, P.C.M., Silva, C.S.P., Silva-Stenico, M.E.,
Fiore, M.F. and De Castroa, H.F. (2012).
Microcystis aeruginosa lipids as feedstock for
biodiesel synthesis by enzymatic route. Journal of
Molecular Catalysis B: Enzymatic. 84: 177-182.
Dragone, G., Fernandes, B., Vicente, A.A. and
Teixeira, J.A. (2010). Third generation biofuels
from microalgae. Technology and Education
Topics in Applied Microbiology and Microbial
Biotechnology.1335-1366.
Elliott, D.C., Hart, T.R., Schmidt,
A.J.,
Neuenschwander, G.G., Rotness, L.J., Olarte,
M.V., Zacher, A.H., Albrecht, K.O., Hallen, R.T.
and Holladay, J.E. (2013). Process development
for hydrothermal liquefaction of algae feedstocks
in a continuous-flow reactor. Algal Research. 2:
445-454.
Elumalai, S., Santhose, I, and Sundaram, D. (2013).
Growth kinetics of the algae Scenedesmus sp., and
Chlorella sp. and its nanoparticle synthesis,
collected from southern coasts of Chennai, India.
Journal of Microbiology and Biotechnology
Research. 3(5): 12-17.
Espinosa, R.P., López, J.G. and Manzanera, M.
(2011). Bioresources for Third-Generation
Biofuels. In Tech press. (Spain), Chapter 6: 116140.
Fernandes, D.G.B., Vicente, A.A, and Teixeira, J.A.
(2010). Third generation biofuels from
microalgae. Technology and education topics in
applied
microbiology
and
microbial
biotechnology. 1355-1366.
Gerpen, J.V., Shanks, B. and Pruszko, R. (2004).
Biodiesel Production Technology. National
Renewable Energy Laboratory, Colorado.
Govindarajan, L., Senthilkumar, R, Raut, N and
Fadhil, B.H.B. (2010). Kinetic Study of Algae
Biomass Grown in Natural Medium Using
Spectroscopic Analysis. Journal of Algal Biomass
Utilization. 1(2): 1-11.
Herman, R.P. (1991). Lipid production from algae
grown saline water using low intensity culture
techniques; Department of Biology New Mexico
State University New Mexico 11-20.
Jalalizadeh., M. (2012). Development of an Integrated
Process Model for Algae Growth in a
Photobioreactor. Graduate. thesis, University of
South Florida, South Florida,USA.
John, B.R. (2008). Oppotunities and challenges in
algae biofuel production. National Renewable
Energy Laboratory, Colorado.
Krishna, A.R., Dev, L. and Thankamani, V. (2012).
Review Article An integrated process for
Industrial effluent treatment and Biodiesel
production using Microalgae. Research in
Biotechnology. 3(1): 47-60.

Ceylon Journal of Science 45(3) 2016: 93-101

Lee, J.H., Lee, J.S., Shin, C.S., Park, S.C. and Kim S.
W. ( 2000). Effects of NO and SO2 on growth of
highly-CO2-tolerant microalgae. Journal of
Microbiology and Biotechnology. 10(3): 338-343.
Mata, T.M., Nidia, A.N.A.M. and Caetano, S. (2010).
Microalgae for biodiesel production and other
applications: A review. Renewable and
Sustainable Energy Reviews. 14: 217-232.
Mayo, A.W. (1997). Effects of temperature and pH on
the kinetic growth of unialga Chlorella vulgaris
cultures containing bacteria. Water Environment
Research. 69(1): 64-72.
Mostafa, S.S., Shalaby, M.A. and Mahmoud, G.I.
(2012). Cultivating Microalgae in Domestic
Wastewater for Biodiesel Production. Not.
Sci.Biol. 4(1): 56-65.
Naik, S.N., Goud, V.V, Rout, P.K. and Dalai, A.K.
(2010). Production of first and second generation
biofuels: A comprehensive review. Renewable and
Sustainable Energy Reviews. 14: 578-597.
Nigam, S., Rai, M.P, and Sharma, R. (2011). Effect of
Nitrogen on Growth and Lipid Content of
Chlorella pyrenoidosa. American Journal of
Biochemistry and Biotechnology. 7 (3): 124-129.
Park, J.B.K., Craggs, R.J. and Shilton, A.N. (2010).
Wastewater treatment high rate algal ponds for
biofuel production. Bioresource Technology. 102:
35-42.
Pittman, J.K., Dean, A.P. and Osundeko, O. (2011).
The potential of sustainable algal biofuel
production
using
wastewater
resources.
Bioresource Technology. 102: 17-25.
Ruiz-Marin, A., Leopoldo, G., Espinosa, M. and
Stephenson, T. (2010). Growth and nutrient
removal in free and immobilized green algae in
batch and semi-continuous cultures treating real
wastewater. Bioresource Technology. 101: 58-64.
Sakthivel, R., Elumalai, S. and Arif, M.M. (2011).
Microalgae lipid research, past, present: A critical
review for biodiesel production, in the future.
Journal of Experimental Sciences. 2(10): 29-49.
Scott, S. A., Davey, M.P., John S.D., Horst, I., Howe,
C.J., Smith, D.J.L., and Smith, A.G. (2010).
Biodiesel from algae: challenges and prospects.
Current Opinion in Biotechnology. 21: 277-286.
Shalaby, E.A. and Stoytcheva, D.M. (2011). Algal
Biomass and Biodiesel Production, 09th edn. In
Tech.
Sharma, K.K., Schuhmann, H. and Schenk, P.M.
(2012). High Lipid Induction in Microalgae for
Biodiesel Production. Energies. 5:1532-1553.
Sheehan, J., Dunahay, T., Benemann, J. and Roessler,
P. (1998). A Look Back at the U.S. Department of
Energy’s Aquatic Species Program-Biodiesel from
Algae; national laboratory of the U.S. Department
of EnergyOperated by Midwest Research Institute,
Colorado.
Sims, R., Taylor, M., Saddler, J. and Marbee, W.
(2008). From 1st-2nd genaration biofuel
technologies. International energy agency, France.

101

Sims, R.E.H., Mabee, W., Saddler, J.N. and Taylor,
M, (2010). An overview of second generation
biofuel technologies. Bioresource Technology.
101: 1570-1580.
Singh, S.K., Bansal, A., Jha, M.K. and Jain, R.,
(2013). Production of biodiesel from wastewater

Ceylon Journal of Science 45(3) 2016: 93-101

grown Chlorella minutissima. Indian Journal of
Chemical Technology. 20: 341-345.
Zhu, Y., Albrecht, K.O., Elliott, D.C., Hallen, R.T.
and Jones, S.B. (2013). Development of
hydrothermal
liquefaction
and
upgrading
technologies for lipid-extracted algae conversion
to liquid fuels. Algal Research. 2:455-464.

