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Abstract 

The growth of microalgae for production of biofuels is beneficial when sewage wastewater is used as a growth 

media because of two reasons; wastewater treatment and cost effective biomass generation as compared to 

artificial growth medium cultivation. In this study, three microalgae species (Chlorella vulgaris, Selenastrum 

sp. and Chlorococcum humicola) were isolated from freshwater as well as wastewater sample and were 

purified. Treatment of sewage was carried out for effective utilization of nutrients by these strains, whereas 

biomass and lipid productivity was measured accordingly. The wastewater treatment by C. vulgaris shows 

98% COD and more than 90% TN removal efficiency. Total phosphorus and ammonia was removed almost 

100% by all of the strains. The treatment efficiency and biomass productivity of Selenastrum sp. was less as 

compared to other strains while C. vulgaris shows higher lipid productivity. According to results the biomass 

productivity can be further enhanced by addition of external nitrogen and carbon source to wastewater media. 

While treatment of domestic wastewater along with production of biomass is a key strategy to produce many 

biobased co-products including biodiesel. 
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Introduction 

Growing demand of energy has led to an unbalanced 

resource of fuel in the past several years. Many energy 

sources like petroleum and coal are estimated to 

become exhausted or too expensive to extract 

(Benemann et al., 1996). Alternative demand of fuel 

has been increased from many years. The main 

sources of energy are biorenewable, solar, 

geothermal, hydro and wind; among them the 

renewable energy from algae has gained much 

interest due to the production of less greenhouse 

gases as compared to fossil fuels (Dincer, 2008). 

Various types of biofuels can be produced from 

microalgal biomass such as bioethanol, biodiesel, 

biomethane, biosyngas, bio-hydrogen and jet fuels. In 

order to develop cost effective biofuels production 

strategy, more research in downstream processing 

and cultivation of microalgae is expected 

(Chinnasamy et al., 2012). Third generation biofuels 

is favorable and depend on algae which are simple 

microorganisms, live in water and cultivated 

hydroponically. The microalgae does not need land 

and soil and can grow in salty brackish water. In 

order to understand the phytoplankton fate in natural 

environment, the physiology of microalgae is very 

essential for optimization of biomass production at 

commercial scale with applications in bioenergy, 

aquaculture and cosmestic industry (Milledge, 2011) 

 

The growth of microalgae on wastewater media has 

received attention and different wastewaters support 

microalgal cultivation which was considered as a 

tertiary treatment by removal of phosphorus, 

nitrogen and other nutrients. Moreover, large amount 

of biomass can be produced by this process which 

could be a source of biodiesel and other valuable 

products (Droop, 1955; Kobayashi et al., 1992; Miao 

and Wu, 2006). Algae can be cultivated in various 

wastewaters such as agricultural, industrial, 

municipal and other eutrophic waters containing high 

concentration of nutrients (Crites and 

Technobanoglous, 1998). Some unicellular species of 

microalgae like Scenedesmus and Chlorella genus 

mostly tolerate sewage culturing conditions and 

numerous studies reported the cultivation of these 

strains (Lau et al., 1995; Shi et al., 2007; Bhatnagar et 

al., 2010; Ruiz-Marin et al., 2010). 

Studies also revealed that microalgae have ability to 

utilize nutrients during growth in sewage wastewater. 

For example, 80% phosphorus and 90% total 

nitrogen has been removed by Chlorella vulgaris 

from primary treated municipal wastewater (Lau et 

al., 1995). The aim of this study is to treat sewage 

wastewater using isolated microalgae species by 

indoor mixotrophic cultivation conditions. 

Furthermore, nutrient removal efficiency as well as 

biomass and lipid productivity of each strain was also 

evaluated during experiment.  

 

Materials and methods 

Sample collection 

Fresh water sample for isolation of microalgae was 

collected from Rawal Lake, Islamabad and 

wastewater sample from local wastewater resources 

that contain algal growth. The samples were collected 

carefully and brought to the laboratory at the same 

day for analysis. Similarly, sewage water sample was 

obtained from domestic wastewater streams and used 

as a growth media for cultivation of microalgae. Prior 

to use, it was filtered by using glass microfiber filter 

0.45µm (Whatman) in order to remove large particles 

(Wang et al., 2010). The sample was characterized for 

various biological and physico-chemical parameters.  

  

Enrichment in growth medium and cultivation 

conditions 

Ten ml of each water sample was inoculated into 

500ml conical flask containing sterilized BG-11 

medium (Feng et al., 2011) which contain following 

components: NaNO3 (1500mg/L), Na2CO3 (20mg/L), 

ferric ammonium citrate (6mg/L), citric acid_1H2O 

(6mg/L), CaCl2_2H2O (36mg/L), MgSO4_7H2O 

(75mg/L), Na2Mg EDTA (1mg/L), K2HPO4 

(30.5mg/L), MnCl2_4H2O (1.81mg/L), ZnSO4_7H2O 

(0.222 mg/L), H3BO3 (2.86mg/L), CuSO4_5H2O 

(0.079mg/L), CoCl2_6H2O (0.050mg/L) and 

NaMoO4_2H2O (0.391mg/L). Two conical flasks were 

used at a time, one for freshwater and other for 

wastewater sample. These were then incubated for 

two to three weeks on a rotary shaker at 150 rpm and 

a temperature of 25ºC under continuous illumination 

of white fluorescent light (intensity, 38µ mol m-2 s-1) 

until dark green color appears.  
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 Strain isolation, purification and identification 

Microalgae species were isolated from enriched 

sample cultures by serial dilution and streak plate 

method. Subcultures were prepared by inoculating 

culture sample (50µl) from culturing flask into petri 

plates having solidified BG-11 media (1.5% w/v 

bacteriological agar) by quadratic streaking method. 

Similar procedure was carried out for both culturing 

flasks. The petri plates kept for incubation under 

continuous illumination at 25ºC for two weeks. Strain 

purification was confirmed by repeating streak plating 

method. Strains were carefully observed under 

microscope and were identified by using the manual 

(Prescott, 1962; Lee, 1999). The purified cultures were 

then maintained in BG-11 medium both in broth and 

slant cultures under optimized culturing conditions.  

 

Algal growth and biomass productivity  

The cultivation of three microlagal species was 

carried out in flasks (250 ml) containing sewage 

wastewater media upto 150ml and placed in a rotary 

shaker in the presence of white fluorescent lamp 

(intensity, 120µmol m-2 s-1). Algal inoculum (for each 

specie) of 0.2g/L was added in wastewater media. 

Growth rate of three strains were examined everyday 

by measuring the TVSS (total volatile suspended 

solids) by following method (Zhou et al., 2012). Five 

ml culture suspension was taken out and filtered by 

0.45µm glass microfiber filter which was dried 

overnight in an oven at 105 ºC. The filtered sample 

was placed in an oven at 105ºC for 10h and then 

ignited at 550ºC for 20-30min. The difference of 

weight between ignited (M2) and dried (M1) sample 

was known as biomass (g L-1). All experiments were 

carried out in triplicate. The equation for microalgal 

growth on the basis of TVSS is as follows:  

RTVSS = 
Ln (TVSSt) – Ln(TVSS0)

t    ………………….….. (1) 

 

R shows the growth rate of microalgae on the basis of 

TVSS whereas, TVSSt is TVSS at day t and TVSS0 is 

TVSS at day 0. Time interval (t) represents number of 

days. The productivity of biomass PBiomass can be 

calculated by following equation (Feng et al., 2011).  

 

PBiomass (g L-1 day-1) = (DWx – DW1). (Tx – T1)-1….…(2) 

DWx and DW1 represent the dry weight (g L-1) 

concentrations of biomass on days T1 (start of 

cultivation) and Tx (last day of cultivation) respectively.  

 

Nutrients determination and removal efficiency 

Liquid samples for analysis of nutrients consumption 

were collected from each flask after every day and 

centrifuged at 5000 rpm for 15 min. The supernatant 

was separated for analysis of COD (chemical oxygen 

demand), TP (total phosphorus), NH3-N (ammonia) 

and TN (total nitrogen) according to manual of Hach 

DR 500 spectrophotometer (Hach, 2008). Removal 

efficiency (%) of nutrients was calculated according to 

equation (Ji et al., 2014). 

Ri = Si0-Sit    × 100……………………………………..…. (3)                                                      

 

Si0 represents nutrient removal efficiency (i.e. COD, TP, 

NH3+ -N and TN). Si0 and Sit are the nutrient 

concentrations (mg/L) at day 0 and last day of 

cultivation period. The pH during cultivation was 

measured by pH meter (Fisher brand FE 150, Fisher 

Scientific, New Hampshie, USA). Metals quantification 

was determined by microwave plasma (agilent 4200) 

atomic emission spectrophotometer.  

 

Carbohydrate, protein and chlorophyll contents 

Carbohydrate content in each microalgal biomass 

sample was assessed according to phenol sulphuric 

acid method. Calibration curve was generated by 

using carbohydrate standard (glucose) and 

absorbance was determined by Spectrophotometer at 

490nm (Ramsundar et al., 2017). Protein content in 

microalgae was analyzed by Bradford assay. Protein 

standard (BSA known as Bovine Serum Albumin) was 

used for the generation of calibration curve. 

Microalgae sample was prepared according to 

previously published method (Guldhe et al., 2015) by 

adding 100µl of 1M NaOH to algal biomass (10mg). 

The mixture was placed in an incubator for upto 

10min at 80ºC followed by the addition of distilled 

water (900µl). The mixture was centrifuged for 10min 

at 12,000g and supernatant was separated to be used 

for protein assay. The absorbance was recorded by 

Spectrophotometer (595nm). 
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The photosynthetic pigments e.g. chlorophyll a and b 

in harvested microalgae biomass were usually 

extracted by using acetone. These contents were 

determined and calculated by recording absorbance 

at 662nm and 645nm respectively by following 

method (Dere et al., 1998). 

 

Extraction of total lipid  

Before oil extraction, algal cells were harvested by 

centrifuged at 5000 rpm upto 15 min and dehydrated 

by placed into freeze dryer followed by a vacuum 

dryer. The extraction of total lipids was carried out by 

extraction procedure of one step as explained by 

(Sires and Brillas, 2012) with minor modification. Dry 

algae powder (40mg) was measured into 25ml glass 

tube and a mixture of chloroform: methanol (2:1) was 

added upto 2ml. Oil was extracted by using water 

bath at 100 rpm for 15min. The algal residues were 

separated from organic solution by centrifugation at 

the end of reaction. The process of extraction was 

repeated thrice. Organic solution was separated by 

using Nitrogen evaporator (NEVAP). The lipid was 

weighed after drying. The lipid content on the basis of 

dry biomass was calculated by following equation.  

 

LW (g/g) = (m2-m0) × V / 3 ×m1  (4). 

 

LW is content of lipid on the basis of dry weight, m0, 

m1 and m2 are the weights of empty glass tube, tube 

with algae powder and tube containing dried lipids 

respectively and V is known as the volume of lower 

layer after being washed (Zhou et al., 2012). The 

percentage of oil yield and lipid productivity was 

calculated by equation 5 (AOAC, 2000) and 6 

(Hempel et al., 2012) respectively. 

 

Percentage oil yield (W/W) =
Weight of oil

 Weight of algae powder × 100 (5) 

Plipids (mg L-1 day-1) = PBiomass . Cf (6) 

 

Where, Plipids is the productivity of lipids, PBiomass is 

the productivity of biomass and Cf is final lipid 

content and is given as percent dry weight.  

 

Statistical analysis 

Data obtained was analyzed by using ANOVA to get 

means values ± standard deviation etc. 

Results and discussion 

Identification of Microalgae 

The three isolated microalgae strains capable of 

growing in BG-11 medium were identified by 

morphological examination under microscope as 

Chlorococcum humicola and Selenastrum sp. from 

freshwater and Chlorella vulgaris was isolated from 

wastewater resource. The reason for survival of these 

strains in laboratory culturing conditions is because 

of their tolerance in varying conditions.  

 

Characterization of Wastewater 

The sewage wastewater sample used for cultivation 

was divided into three replicates and was 

characterized in terms of its biological and physico-

chemical characteristics with the following mean 

results as listed in table 1. Results show that the initial 

pH of wastewater was almost neutral i.e. 7.1. When 

wastewater was treated with microalgae strains (C. 

vulgaris, Selenastrum sp. and C. humicola) then the 

pH became alkaline because of photosynthetic 

activity. Similar results were reported by (Kshirsagar, 

2013). The amount of BOD (98mg/l) was near to 

national environmental quality standard’s BOD 

(80mg/l) and COD (225mg/l) in our sample was little 

high as compared to national environmental quality 

standards i.e. (150mg/l) (Anon., 2000).  

 

The high COD could provide a very good source of 

carbon for algal growth. The concentration of T-N, T-

P, and NH3-N (37.5mg/l, 10.46mg/l and 30.7mg/l 

respectively) is enough for successful growth of 

microalgae. Similarly, Chlorella vulgaris was 

cultivated in various types of municipal wastewaters 

but higher growth was recorded in Wastewater # 4 

(sludge) containing high concentration of COD and 

other nutrients (Wang et al., 2010). It is noteworthy 

that various metal ions such as sodium (Na2+)), 

calcium (Ca2+)), cobalt (Co2+)), potassium (K+)) and 

magnesium (Mg2+)) which are necessary for 

physiology of microalgae are also identified in 

wastewater selected in present study. Microalgae have 

been considered as more effective in removing metal 

ions from solution as compared to fugal and bacterial 

cultures (Khoshmanesh et al., 1996).  
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Table 1. Physico-chemical Analysis of Wastewater 

Used as a Growth Media for Algae Cultivation. 

Parameters Concentration 

Total Nitrogen (T-N)* 37.5± 1.97 
Total Phosphorus (T-P)* 10.46 ± 0.06 
Chemical Oxygen Demand (COD)* 225 ± 6.05 
Biological Oxygen Demand (BOD)* 98 ± 1.8 
Ammonia (NH3-N)* 30.7 ± 0.94 
Total Dissolved Solid (TDS)** 41 ± 0.01 
Turbidity *** 14.55 ± 0.25 
pH 7.1 
Conductivity **** 4.5 ± 0.01 
Metallic ions  
Magnesium (Mg2+)* 19.12 ± 3.218 
Potassium (K+)* 24.9 ± 1.08 
Manganese (Mn2+)* 1.37 ± 0.07 
Cobalt (CO2+)* 72.4 ± 4.93 
Aluminium (Al3+)* 0.009 ± 0.01 
Cadmium (Cd2+)* ˂ 0.001 
Calcium (Ca2+)* 63.85 ± 3.62 
Boron (B3+)* 0.25 ± 0.031 
Copper (Cu2+)* 0.041 ± 0.01 
Zinc (Zn2+)* 0.082 ± 0.003 
Sodium (Na+)* 144.30 ± 7.17 

Data represented as Mean ± SD (standard deviation). 

Whereas *, **, *** and **** represent mg L-1, g L-1, 

NTU and µScm-1 respectively. 

 

Algal Growth in Wastewater and Biomass 

Productivity 

The microalgae can grow well in wastewater media 

with no lag phase was observed in all of the three 

species (Fig.1), suggesting that these local isolated 

strains had good capability to adjust in sewage 

wastewater. Although, the exact mechanism for 

shortage of lag phase by strains was not clear, similar 

results were reported in another study by growing C. 

vulgaris in swine manure wastewater (Hu et al., 2012). 

Among three selected species, C. vulgaris grow more 

rapidly and there is a smooth increase in biomass yield 

and its exponential phase lasted for 4 days with a 

biomass concentration of 1.494 ± 0.09g/L at day 4th 

followed by stationary phase in next 3 days. While, in 

case of other two strains exponential phase remains for 

6 days before entering into stationary phase.  
 

 

Fig. 1. Growth curve of microalgae in wastewater media. 

Moreover, it was observed that biomass productivity 

of C. vulgaris (229 ± 7.3mg/ L/day) was higher than 

C. humicola (129 ± 3.94mg/ L/day) followed by 

Selenastrum sp. (101.25 ± 8.41mg/ L/day) although, 

these two strains have a growth period for 9 days. The 

highest growth rate and biomass productivity of C. 

vulgaris is because of its better acclimatization as it 

was selected among the top-performing microalgae 

strains in wastewater (Zhou et al., 2011) and may be due 

to its natural habitat in wastewater which coincide with 

the previous study reported that the algae isolated from 

real water or wastewater treatment plant can adjust in 

same culturing conditions from where they are found 

(Perez et al., 2004).  

 

In this study, non-autoclaved wastewater media was 

used for simultaneous cultivation of algae and 

bacteria in batch cultivation mode. It was reported 

that during co-culture, C. vulgaris will compete with 

bacteria for various nutrients such as organic carbon 

and NH4
+-N because the strain was cultivated in 

mixotrophic cultivation mode like our experimental 

conditions (Ma et al., 2016). Bacteria also have a 

positive effect on algal growth because they promote 

the growth of microalgae by secretion of some viscous 

substances which would disintegrate into various 

products as cultivation time increases. Bacteria grow 

rapidly at early stage and then the growth was 

decreased followed by retained at very low level 

because some substances have been produced by 

algae to control the growth of bacteria (Ma et al., 

2014; Deng et al., 2017).  

 

Nutrients Assimilation by Microalgae species and 

pH Variation 

The removal efficiency (%) of COD (chemical oxygen 

demand), TP (total phosphorus), NH3-N (ammonia) 

and TN (total nitrogen) by three microalgae species in 

sewage wastewater media (SWM) for batch 

cultivation mode was studied and illustrated in Fig. 2. 

During cultivation of microalgae, nitrogen plays an 

essential role because many microorganisms use it to 

synthesize various substances like proteins, peptides, 

enzymes and transfer molecules of energy, genetic 

materials and chlorophylls (Park et al., 2010).  
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Ammonium is usually considered as a preferred form 

of nitrogen because it could absorbed without redox 

reaction and in the presence of less energy (Maestrini 

et al., 1986). However, the wastewater containing 

high ammonium concentration can be very effective 

to grow microalgae. In sewage wastewater the 

concentration of NH3-N decreased rapidly and its 

removal efficiency was approximately 100% in two 

species except C. humicola (93%) while T-N removal 

efficiency ranged from 91.68%, 80.61% and 74.37% in 

C. vulgaris, Selenastrum sp. and C. humicola 

respectively. The reason for fast removal of ammonia 

is its low concentration in wastewater. The removal of 

T-N was slightly lower as compared to ammonia 

representing that some organic nitrogen must be 

there, produced during microalgae cultivation and 

wastewater treatment process (Oswald et al., 1957).  

 

Phosphorus plays an essential role in metabolism of 

energy for microalgae and present in proteins, lipids, 

nucleic acids and as intermediate during metabolism 

of carbohydrate. Two forms of inorganic phosphates 

such as HPO4
2- and H2PO4

- are important for 

mixotrophic cultivation of microalgae (Martinez et 

al., 2000). There is a proper range of N/P ratio to use 

effectively both phosphorus and nitrogen in a media 

(Li et al., 2010). In this study, the ratio of inorganic 

N/P is 2.93 not in optimum range which is 6.8-10 for 

growth of freshwater algae (Darley, 1982; Reynolds, 

1984; Martin et al., 1985). Phosphorus removal rate 

was slow as compared to nitrogen and it may be due 

to the reason that nitrogen is a limiting factor in 

selected wastewater sample. Phosphorus can be 

reduced by biotic process (absorption of phosphorus 

by biomass) as well as abiotic process in which 

phosphorus precipitates (Godos et al., 2009). In a 

study conducted by (Nurdogan and Oswald, 1995) it 

was reported that high pH (11) is responsible for 

abiotic phosphorus removal because of the 

precipitation of orthophosphate. So, this removal 

mechanism could not take place in this study because 

maximum pH is 9. The phosphorus removal efficiency 

is near to 100 % for all of the species and in 

comparison to other studies, the removal efficiency of 

phosphorus by Chlorella sp. was 20-100% (Aslan and 

Kapdan, 2006; Khan and Yoshida, 2008; Ruiz-Marin 

et al., 2010; Wang et al., 2010).  

 
 

 
 

 
 

 
 

Fig. 2. Nutrients removal rate of microalgae species in 

wastewater media (a) COD (b) TN (c) TP and (d) NH3-N. 
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The removal efficiency of COD much varied among 

different species and highest removal rate of 98.6% 

was achieved for C. vulgaris followed by C. humicola 

(77.37%) and Selenastrum sp. (68.35%). There is a 

rapid removal of carbon during first 4-5 days and 

COD removal rate was slow after that and this study 

was in line according to (Gutzeit et al., 2005). This 

might be because of less concentration of carbon and 

the remaining carbon source in a media may be 

slowly biodegradable material. Generally, carbon was 

considered as a limiting factor when algae were 

cultivated in sewage wastewater.  

 

During growth of microalgae, pH affects the 

concentration of nutrients. Extreme variation in pH 

can alter phosphates and ammonium solubility in 

medium and high level of pH cause precipitation of 

phosphate or ammonia stripping. The pH value 

ranged from 9 to 11 induced phosphorus precipitation 

such as calcium phosphate (Laliberte et al., 1997). In 

the present study, pH of the media was adjusted to 

7.0 before inoculation with microalgal strain. After 

inoculation, pH was not controlled during cultivation 

period and its variability with time was measured and 

represented in Fig. 3. Results show that pH increase 

gradually from 7.0 to 9.0. Various factors that affect 

the culture pH are growth of microalgae (rise in pH 

because of CO2 uptake) nitrification of ammonia 

(decrease in pH as a result of H+ release) and secretion 

of basic and acidic metabolites from biodegradation of 

organic matter (Gonzalez et al., 2008b).  

 
 

Fig. 3. Variation in pH during biomass production in 

microalgae. 

Chemical Composition of Microalgal Biomass and 

their Productivities  

The chemical composition of microalgae usually 

depends upon cultivation conditions. Table 2. shows 

the changes in various components in different 

species grown in sewage wastewater. The pigment 

contents (Chlorophyll a and b) in this study were 

lower in all of the species because of low nitrogen 

level. These results are in accordance with another study 

(Berges et al., 1996) that starvation of nitrogen 

decreased the pigments synthesis such as carotenoid and 

chlorophyll. Mostly, microalgal biomass comprised of 

protein (6-52%), carbohydrate (5-23%) and lipids (7-

23%) (Zhu, 2015). The protein content of microalgae 

species grown on wastewater ranged from 13% to 15%. 

The main reason for low concentration of protein in 

biomass is rapid depletion of ammonia during 

cultivation. However, carbohydrate contents were high 

in Selenastrum sp (23.96%) followed by C. vulgaris 

(18.23%) and C. humicola (8.67%). The highest lipid 

contents were observed in C. vulgaris (32.41%) as 

compared to other two species, this may be because of 

fast utilization of T-N as well as ammonia by this specie 

as a result of nitrogen starvation. 

 

Table 2. Composition of Microalgae Grown in 

Sewage wastewater growth media in batch mode 

under mixotrophic cultivation conditions. 

 Chemical composition Chlorella 
vulgaris 

Selenastrum 
sp 

Chlorococcum 
humicola 

Biomass concentration a 1.574± 0.20 1.01± 0.15 1.235± 0.06 
Biomass productivity b 229 ± 7.3 101.25 ± 8.41 129 ± 3..94 

Lipid content c 32.41 ± 2.4 21.62 ± 1.9 25.5 ± 3.1 
Lipid productivity b 74.19 ± 4.6 21.89 ± 1.8 32.89 ± 1.9 

Chlorophyll a content c 14.2 ± 0.5 8.5 ± 3.87 12.76 ± 4.9 
Chlorophyll b content c 2.90 ± 2.3 2.18 ± 0.01 5.9 ± 3.0 

Carbohydrate content c 18.23 ± 3.94 23.96 ± 0.90 8.67 ± 1.5 
Productivity of 
carbohydrate b 

78.57 ± 
12.60 

44.39 ± 2.56 21.67 ± 8.2 

Protein content c 13.12 ± 4.9 15.67 ± 3.6 13.78 ± 2.1 
Productivity of protein b 56.54 ± 0.09 26.79 ± 5.4 34.45 ± 0.6 

 

Data represented as Mean ± SD (standard deviation). 

Whereas a, b and c represent g L-1, mg L-1 day -1 and % 

respectively. 

 

Conclusion 

This study has demonstrated that it is feasible to grow 

microalgae in sewage wastewater under batch 

cultivation. Chlorella vulgaris grow best in 

wastewater media and was capable of complete 

depletion of T-N, TP, NH3-N and COD as compared to 

Selenastrum sp and Chlorococcum humicola. 
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The biochemical composition revealed that the 

carbohydrate and protein contents are present in 

normal range in all of the species and lipid contents 

were comparatively high in C. vulgaris. The limiting 

factor for growth of microalgae was NH3-N and COD 

deficiency. So, more biomass productivity can be 

achieved by adding nitrogen and carbon in growth 

media which will ultimately increase the lipid 

production. This can be more effective method to 

overcome the microalgal cultivation cost and 

production of valuable products and the results could 

serve as a basis for cultivation of microalgae for 

biomass as well as biodiesel production.  
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