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Abstract 

 

This study was aimed to compare the efficiency of biodiesel production by Chlorella emersonii, Cladophora fracta 

and Spirogyra. Algae were grown in artificial media consisting of wastewater for further growth and preservation. 

Harvested biomass of algae was placed in an oven at 60oC for drying and powdered to size of 1.0mm by grinding mill. 

Extraction of oils rom biomass of algae were carried out by hexane solvent in a Soxhlet extractor for 18 h and analyzed 

for various parameters such as fatty acid composition, iodine value, water contents, saponification value iodine value and 

acid value. Growth rate, lipid content, protein and carbohydrate contents of above mentioned species were measured in 

dried biomass o algae. Sodium methoxide prepared rom methanol and sodium metal was used as a catalyst or 

transesterification o extracted oil to methyl ester. Biodiesel yield was higher in Chlorella emersonii than Cladophora 

fracta and Spirogyra. Analysis of biodiesels produced through transesterification was carried out for  various properties 

such as iodine values (49, 53 & 47), flash point (155, 156 & 160oC), Specific gravity (0.912, 0.914 & 0.91), kinematic 

viscosity (4.7, 5.0 & 4.9), water content (17, 23 & 15 mg/kg), sulphur (0.01, 0.012 & 0.013 wt%), sulfated ash (0.004 , 

0.003 & 0.007 mass%), carbon residue (0.01, 0.02 & 0.01 mass%) cetain number (47, 49 & 51 min) and acid number 

(0.46, 0.5 & 0.49 mg.KOH/g) for Spirogyra, Cladophora fracta and Chlorella emersonii respectively. Additionally 

biodiesel properties of all samples were in accordance with ASTM standards. 
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Introduction 

 

The rate of worldwide population is getting high so 

the demands for energy, food, water and other natural 

resources are also rising. But this increased population is 

leading toward the decline of fossil fuels due to limited 

fossil deposits. The main natural sources for energy needs 

are coal, methane gas and nuclear energy. The use of 

petroleum for energy is major cause of environmental 

pollution, as it raises greenhouse gases and other 

pollutants like Carbon monoxide (CO), Nitrous Oxide 

(NO) and Volatile Organic Compounds (VOCs) in 

environment, which is dangerous for human in various 

perspectives (Rahpeyma & Raheb, 2019). To cope with 

the energy demands, scientists are approaching to 

biofuels. Biofuels are produced from biomass resources 

(Saladini et al., 2016). 

Biofuel has been made from three generations. First 

generation involves the production of biofuel by edible 

sources like soybean, sugarcane, sunflower and rapeseed. 

But this method raised the shortage of food affecting the 

economic values (Yuvarani et al., 2017). Hence biofuel 

production was done through second generation which 

involves the biofuel production from non-edible resources 

like rice bran, jatropha and rubber plant etc. This is 

advantageous to first generation in one aspect but it is not 

cost friendly method because it requires several steps for 

biofuel production(Vinoth et al., 2012).Third generation is 

also there having advantage on rest of two because it does 

not require much land for cultivation and also is cost 

friendly. Third generation involves the formation of biofuel 

by microalgae or macroalgae (Chen et al., 2015). 

Microalgae are single celled phytoplanktons (Lemões et al., 

2016) and are rich in proteins, 30-40% lipids, 

polysaccharides content and can be converted to bio oil by 

pyrolysis (Gao et al., 2017). Microalgae also help in 

removing toxic substances from waste water acting as 

bioremediation (Khan et al., 2017). Microalgae are 

attracting scientists due to their great potential in the 

production of methyl ester (biodiesel). The synthesis of 

methyl ester from microalgae is an emerging technology 

considered best for synthesis of methyl ester because of 

their ability to grow rapidly on less cropland with no care. 

Biodiesel is the most studied biofuel used as alternative to 

natural diesel due to less CO and pollutants emission. It is 

good lubricant, sulphur free and have no toxic compounds; 

hence is preferred to fossil diesel (Aransiola et al., 2014). 

Biodiesel produced from microalgae is tested by several 

vehicles and is preferred over fossil diesel. Several 

companies like Euglena, Sapphire Energy, and Solazyme 

used microalgal biodiesel for running cars and jets with its 

different compositions and marked it good for usage (de 

Jesus et al., 2020). It was proved in 2008 that biodiesel 

derived from microalgae has highest potential for fulfilling 

the energy needs at global level (Chisti, 2008). 

Oil produced from microalgae is 30 times more in 

comparison to other plants (Fuentes-Grünewald et al., 

2009). Biodiesel can be produced from microalgae by 

preparing dry algal powder of microalgae, lipid extraction 

and mono alcholic transesterification of oil to biodiesel. 

Dry powder of microalgae was used to extract lipids 

because water content in biomass can decrease the 

efficiency (Yang et al., 2014). Extraction can be done by 

using both polar and nonpolar solvents. Previous literature 

showed that mostly hexane has been used for biodiesel 

production (Mubarak et al., 2015). This research was aimed 

to find out the efficiency for biodiesel production among 

Chlorella emersonii, Cladophora fracta and Spirogyra. 
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Material and Methods 

 

The moisture content was determination by drying the 

constant weight of 3g to 5g sample at 378K (Demirbaş, 

1999). Then ashing was done for 2 hours at 1025 K 

(Demirbaş, 2001). Protein and lipid content was analyzed by 

blocked digestion and solvent extraction method, 

respectively (Boccard et al., 1981). Algal sample was 

extracted with hexane for 18 hours in a Soxhlet extractor for 

obtaining oils. The method of (Kusdiana & Saka, 2001; 

Demirbas, 2002) was followed for transesterification 

process. It was done by using supercritical methanol in 100-

mL cylinder. A thin layer chromatography was prepared by 

coating glass slide with 0.25m polyethanol succinate and 

used for fractionation of fatty acids into saturated, 

monounsaturated, polyunsaturated, and free forms. 

 

Algal sampling and identification: Samples of selected 

algal species were collected from laboratory of fisheries 

department where these species were grown as fish feed. 

Pure culture were obtained and re-identified in phycology 

laboratory of GC University, Lahore following methods 

reported by Zarina et al., (2005a, b). 

 

Experimental design: Artificial ponds were designed of 

various dimensions having different water holding 

capacity. Three types of pond (P1, P2 & P3) were 

designed for lab scale experiments with varying width, 

length and height of 0.15 x 0.15 x 0.3m for P1, 0.3 x 0.3 x 

0.15m for P2 and 0.9 x 0.15 x 0.45 m for P3 having water 

carrying capacity of 6.75 L, 13.5 L and 60.75 L 

respectively. A large pond was selected in the field for 

pilot scale study or growth of algal culture. Dimensions of 

that pilot scale pond were 8 x 2 x 1 m (P4) and it was 

designed to carry sixteen thousand liter in it (Hammouda 

et al., 1995). 

 

Inoculation of algal species: Algal species were 

inoculated in different culture media including wastewater 

collected from municipal drain, solution prepared from 

nutrient agar and artificially synthesized media. Rate of 

growth of selected algal species were determined after 

every 24 hours. Fresh biomass were harvested from each 

pond and kept in an oven for 48 hours at 60°C. Growth rate 

was measured as increase in biomass per liter in a day. 

 

Biodiesel Processing 

 

Oil extraction from algal biomass: Solvent extraction 

method was used to extract oil from dried algal biomass 

by chemical method. Hexane was used as solvent to 

extract oil following procedure as under. 

 

Methods of extraction of oil: In methods of oil 

extraction two methods are commonly used in which 

mechanical method includes ultrasonic assisted extraction 

and expeller/expression press while chemical method 

includes supercritical fluid extraction, Soxhlet extraction 

and hexane solvent method. In this research work hexane 

solvent extraction method was used. 

Solvent extraction method: Depending on algal species 

40-60g of algal biomass was used in 300ml o n-Hexane 

solvent for extraction procedure. Algal oil content was 

measured by extracting oil using Soxhlet extractor with 

retention time of 4 hours (UNE-EN 734-1, 2006). Oil was 

extracted in round bottom flask with 0.5 liter capacity and 

distillation procedure was used to separate component 

from extracted solution. Recovered solvent was used 

again or next batch of extraction in order to minimize 

operational cost. 

 

Characterization of oil: Fatty acid composition of algal 

oils extracted from various species of algae was analyzed 

by Gas chromatography and mass spectrometry (GC-MS, 

Shimadzu GC-14-A). Oil was characterized for various 

parameters such as free fatty acids; saponification value, 

acid value and iodine value were measured following the 

protocols reported by Raie (2008).  

 

Sodium methoxide preparation: A catalyst was 

prepared by reacting with pure ethanol and sodium 

hydroxide. Sodium hydroxide and methanol were taken 

with 1%wt and 1:6.1 with extracted oil respectively 

(Charoenchaitrakool & Thienmethangkoon, 2011). Both 

of these reagents were mixed and stirred for 30 minutes to 

prepare sodium methoxide. 

 

Trans esterification procedure: Methyl ester i.e. 

biodiesel was prepared from algal oil using sodium 

methoxide as a catalyst. Algal biomass was also directly 

transesterified to biodiesel in order to avoid extraction 

step. In this procedure 100 grams of oven dried biomass 

of algae was added in 300ml of solvent i.e., n-hexane, 

then it was placed in a bioreactor having thermostat. The 

resultant solution was thoroughly mixed and heated at 

62
o
C before addition of appropriate catalyst. After mixing 

catalyst i.e., sodium methoxide, reaction was sustained at 

same temperature for 4 hours by constantly stirring at 

110rpm. On completion of reaction the product was 

cooled to room temperature, solid and liquid phase of 

reaction product were separated with the help of 

separating funnel. Glycerin accumulated at bottom was 

separated from upper biodiesel layer. Liquid phase was 

rinsed with water to free it from remains of catalyst and 

solvent “(Karaosmanoglu et al., 1996; Lang et al., 

2001).”Distillation process was used to remove remaining 

solvent to obtain crude biodiesel. Solvent separated by 

this method was reused in next batch of experiment. 

Efficiency of both methods was similar in all respects. 

 

Biodiesel identification: Thin layer chromatography was 

used to identify and check purity of final product (Methyl 

ester) of transesterification process. 
 

Thin layer chromatography: Water and Silica gel were 

used to prepare thin layer chromatogram of 20cm length 

and width of 0.25cm thickness which is used in thin layer 

chromatography for analysis of biodiesel. After one hour, 

heating and drying, it was placed in an oven for further 

process at 105
o
C. Two solvents such as hexane and 

diethyle ether were used in ratio of 80:20 to dissolve 

biodiesel. Ultra violet light of 366nm wavelength were 
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used to visualize color bands of purple-yellow coloration 

with the help of nondestructive locating agent 2,7 

dichloroflourescein. 

 

Results and Discussions 

 

Growth rate measurement: Culture media selected for 

algal growth includes wastewater collected from 

municipal drain, solution prepared from nutrient agar and 

artificially synthesized media which were used to grow 

Chlorella emersonii, Cladophora fracta and Spirogyra 

and it was found that synthetic media was proved to be an 

excellent media for growth as all species showed 

maximum growth in this media. Reason for higher growth 

in artificial media was due to presence of all nutrients 

necessary for growth of these species Rate of growth of 

Cladophora fracta was 1.45 g.L
-1

.day
-1 

and 0.75 g.L
-1

.day
-

1 
in synthetic medium and agar solution respectively. 

Chlorella emersonii and Spirogyra showed less growth in 

these media but in wastewater growth rate of Chlorella 

emersonii was comparatively higher (Table 1). Growth 

rate of all species decreased with the passage of time from 

1 to 6 days with decrease in nutrients in all media if fresh 

media was not added. Similar findings were reported by 

Ruiz-Ruiz-Marin et al., (2010) that growth rate of 

microalgae was higher in initial days but decreased with 

time when grown in batch culture conditions.  

 

Algal biomass analysis: Biomass harvested from algae 

was dried and its carbohydrate, protein and lipid contents 

were analyzed. It was found that lipid content of 

Chlorella emersonii was higher (38%) than Cladophora 

fracta (18%) and Spirogyra (27%). Proteins were 

calculated to be higher in Cladophora fracta (49%) while 

carbohydrates (37%) were more in Spirogyra (Table 2). 

Chlorella protothecoides was grown in bioreactors of 

different sizes ranging from few liters to 11000 liters and 

its dried biomass was analyzed for lipid content which 

was obtained between 44.3-48.7% (Li et al., 2007). 

 

Characterization of extracted oil: Oil after extraction 

from selected species of algae was analysed for various 

parameters such as species acid number, saponification 

value, water contents, iodine value, and free fatty acids. 

Oil extracted from all species showed similar characters 

except minor differences (Table 3).Water content in oil of 

all species was less than 1% making it feasible for its 

conversion to methyl ester through transesterification. 

This process was negatively affected if water content was 

increased above 10% of oil quantity. Water content of 

extracted oil was major limiting factor it should not be 

more than 10% but in current study it was maintained at 

less than 1% to make transesterification feasible. Value of 

saponification or saponification value and acid value 

given in Table 3 was more or less similar to the values 

reported by Li et al., (2007) i. e., 189.3 mg KOH g
-1 

and 

8.97 mg KOH g
-1  

respectively. 

Algal oil was also analysed for saturated and 

unsaturated fatty acids (14:0, 16:0, 16:1, 16:2, 16:3, 16:4, 

18:0, 18:1, 18:2, 18:3, 18:4, 20:0, 20:1, 20:2, 20:3 and 

20:4) and it was observed that unsaturated fatty acid 

content of Chlorella emersonii (78.75%) was higher than 

those of Cladophora fracta (76.68%) and Spirogyra 

(77.38%) (Table 4). Oil composition of microalgae was 

analysed with Gas Chromatography by Chinnasamy et al. 

(2010) for fatty acid profile i.e.  14:0, 16:0, 16:1, 18:0, 

18:1, 18:2, 18:3, 20:0, 20:1, 20:2, 20:3, 20:4, 20:5, 22:5 and 

22:6. The results of this study were similar to study 

conducted by Gouveia and Oliveira (2009). They also 

reported results of unsaturated fatty acids (50-65%) in their 

experiment on various species of algae (Chlorella vulgaris, 

Scenedesmus maxima, Nannochloropsis oleabundans, 

Scenedesmus obliquus and Dunaliella tertiolecta) which 

were in conformity with the current study. 

 

Table 1. Measuring growth rate of all three species of algae in selected media. 

Rate of growth of algae 
Culture media 

Wastewater Agar solution Synthetic medium 

Chlorella emersonii (g.L
-1

.day
-1

) 0.55 ± 0.2 0.65 ± 0.9 1.3 ± 0.5 

Cladophora fracta (g.L
-1

.day
-1

) 0.75 ± 0.15 0.58 ± 0.34 1.45 ± 0.8 

Spirogyra (g.L
-1

.day
-1

) 0.6 ± 0.23 0.47 ± 0.09 1.39 ± 0.75 

 

Table 2. Analysis of algal biomass for protein, carbohydrate and lipid contents. 

Sample species Protein Carbohydrates Lipids Others 

Chlorella emersonii 44 ± 3 17 ± 1.5 38 ± 1.9 4 ± 0.4 

Cladophora fracta 49 ± 2.1 22 ± 1.8 18 ± 0.9 11 ± 0.7 

Spirogyra 28 ± 1.6 37 ± 3.4 27 ± 2.8 8 ± 1.3 

 

Table 3. Properties of oils obtained from selected species of algae. 

Analytical parameters Chlorella emersonii Cladophora fracta Spirogyra 

Water content (%)  0.07 ± 0.01 0.08 ± 0.04 0.06 ± 0.012 

Iodine value (mg/g)  64 ± 2 74 ± 1.5 70 ± 2.3 

Saponification value (mg/g)  171.12 ± 3.4 167.9 ± 3.5 181.8 ± 1.2 

Free fatty acid (%)  2.8 ± 0.3 3.4 ± 0.6 3.2 ± 0.2 

Acid number (mg KOH/g)  32.46 ± 2.1 35.1 ± 1.4 36.5 ± 2.3 
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Table 4. Fatty acids content of oil extracted from Chlorella emersonii, Cladophora fracta and Spirogyra. 

Composition of fatty acid 
Oil profile of  

Chlorella emersonii (%) 

Oil profile of  

Cladophora fracta (%) 

Oil profile of  

Spirogyra (%) 

C14:0 2.96 0.34 2.0 

C16:0 17.9 21.79 18.93 

C16:1 10.53 12.18 14.95 

C16:2 0.04 n.d. 0.02 

C16:3 6.79 5.29 4.4 

C16:4 7.62 10.01 9.0 

C18:0 0.63 1.19 2.2 

C18:1 18.08 14.48 13.98 

C18:2 11.15 10.2 14.9 

C18:3 22.17 22.97 19.17 

C18:4 n.d. 0.08 0.03 

C20:0 0.12 n.d. 0.16 

C20:1 0.91 0.69 0.58 

C20:2 0.79 0.44 0.68 

C20:3 n.d. 0.04 n.d. 

C20:4 0.01 n.d. n.d. 

Saturated 21.25 23.32 22.62 

Unsaturated 78.75 76.68 77.38 
n.d stands for “not detected” 

 

Table 5. Percent yield of product and residual material obtained after transesterification process. 

Products parameters Chlorella emersonii Cladophora fracta Spirogyra 

Total biomass used (g) 100 100 100 

Residual biomass (g) 60 ± 2 84 ± 3.5 74 ± 2.6 

Quantity of oil extracted (ml) 42 ± 0.9 25 ± 0.6 31 ± 1.1 

Yield of biodiesel (%) 95.1 91.6 91.9 

Glycerin and other byproducts (%) 4.9 8.4 8.1 

 
Table 6. Analytical efficiency of biodiesels and its comparison with international standards. 

Properties Units 
Chlorella emersonii’s 

Biodiesel 

Cladophora fracta’s 

Biodiesel 

Spirogyra’s 

Biodiesel 

ASTM D-6751~02 

Standards 

Kinematic viscosity at 40°C mm2/s 4.9 5.0 4.7 1.9–6.0 

Flash point  oC 160 156 155 >130  

Specific gravity at 28°C  g/ml 0.91 0.914 0.912 0.88 

Cetain number  Min 51 49 47 >47 

Iodine value (mg/g) 47 53 49 <120 

Acid number  mg.KOH/g 0.49 0.5 0.46 0.8 max. 

Carbon residue  mass % 0.01 0.02 0.01 0.05 max. 

Sulfated Ash  mass % 0.007 0.003 0.004 0.02 max. 

Sulphur  Wt % 0.013 0.012 0.01 0.05 max. 

Water contents mg/kg 15 23 17 <300 

 
Yield of biodiesel: Quantity of oil and yield percentage of 
biodiesel produced from dried biomass was analysed for 
various parameters. Oil extracted from Chlorella 
emersonii (42ml/100g) was higher than those of 
Cladophora fracta (25ml/100g) and Spirogyra 
(31ml/100g). Yield of biodiesel from transesterification of 
extracted oil was also higher in Chlorella emersonii 
(95.1%) than Cladophora fracta (91.6%) and Spirogyra 
(91.9%) (Table 5). Biodiesel production efficiency of 
microalgae was measured to be 98.15% by Li et al., 
(2007) in 12 hours of transesterification process. A recent 

study revealed that Chlorella protothecoides showed an oil yield 

of 55% in a process that combined bioengineering and 

transesterification for biodiesel production (Adewuyi, 2022). 
 

Chromatographical technique for testing of biodiesel: 

Methyl ester produced from selected species of algae was 

compared with international standards and it was 

observed that biodiesel produced from oil of Chlorella 

emersonii, Cladophora fracta and Spirogyra was in 

accordance with pure biodiesel as there were no 

glycerides found in all three samples. 

 

Biodiesel analysis: Biodiesel was also characterized for 

various parameters and then compared with ASTM D-

6751~02 standards, values of all parameters obtained by 

this analysis were in accordance with international 

standards mentioned in (Table 6). Biodiesel produced from 

microalgae oil has exhibited properties similar to those of petro-

diesel fuels (Adewuyi, 2022). Similar findings of properties of 

biodiesel produces from algal oil were reported by Li et 

al., (2007) and found that algal biodiesel was similar to 

commercial diesel and met the US Standard (ASTM 

6751). Biodiesel use leads to reduction in noxious pollutants 

like carbon monoxide, unburnt hydrocarbon and some 

particulate matter with an obvious enhance in fuel consumption 

and nitrogenous oxides emission (Sakthivel et al., 2018). 

https://sciprofiles.com/profile/1071213
https://sciprofiles.com/profile/1071213
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