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ABSTRACT 

The conventional method for the production of biodiesel derived from edible and inedible oils were by extraction, refining and 

transesterification. Instead, transesterification can be done directly without prior extraction and refining is called in-situ 

transesterification. In this study, Chlorella vulgaris was subjected to in-situ transesterification and the different parameters affecting the 

process was analyzed. The lipid content was initially determined as 23.2 ± 2.35 wt% by Soxhlet method. The parameters like catalyst 

concentration, temperature, methanol weight ratio, mixing rate and moisture content were optimized. It was found that the biodiesel 

conversion and reaction rate are mainly affected by catalyst concentration. At 1.5 wt% of catalyst the yield of biodiesel with respect to 

lipid content of Chlorella vulgaris attains above 90 % at 300 g methanol (for 50 g biomass). At optimum condition it was able to achieve 

93 % of esters. Thus, in-situ transesterification was simple and the biodiesel production cost was reduced.  
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INTRODUCTION 

 Chlorella vulgaris microalgae is used for biodiesel production in recent days due to its high potentiality. Chlorella vulgaris 

algae reproduce themselves each few days (two or three weeks), yield oil prodigious 10x the yield of the most effective seed crops, scale 

back emissions of a serious greenhouse emission and may be obtained from wastewater. Additionally, Chlorella vulgaris as a 

fuel supply doesn't conflict with the food crisis, since it's not the most food supply. The production of biodiesel from Chlorella vulgaris 

by transesterification method has antecedently been demonstrated within the literature victimization the traditional strategies and 

therefore the method typically uses pre-extracted oil as staple that is sometimes created by mechanical pressing followed by solvent 

extraction to extract the remaining oil. The transesterification reaction will be catalyzed by alkali, acidic, or enzymes. The 

employment of the alkaline catalyzed transesterification technology wouldn't be appropriate for biodiesel production from Chlorella 

vulgaris oil; owing to the high FFA content of Chlorella vulgaris lipids. This is often as a result of the employment of alkaline catalysts 

with high FFA containing oils would end in soap formation and difficulties within the biodiesel separation and purification. The 

biodiesel production from Chlorella vulgaris on associate degree industrial scale still faces issues, principally as a result of the 

high prices related to this biomass production and fuel conversion routes 

MATERIALS AND METHODS   
  Oil was extracted using the Soxhlet extraction. After re- extraction with methanol as a solvent, followed by fractional 

distillation to recover the Chlorella vulgaris oil, the extracted oil was weighed to determine the total lipid content per dry algal biomass 

and then analyzed to characterize the properties of Chlorella vulgaris oil.  

Variable sulphuric acid concentrations (0.0046, 0.0077, 0.0154 & 0.0308 mol), were used throughout this study. The acid-methanol 

solution was prepared freshly by mixing predetermined amounts of sulphuric acid and methanol. H2SO4 was dissolved with continuous 

stirring on a magnetic stirrer for 5 min. The solution was pre pared freshly in order to maintain the catalyst activity.  

Dried Chlorella vulgaris of 15 gm was added carefully to catalyst/alcohol mixture and blended on low setting for several minutes. At 

this point, the simultaneous extraction and transesterification reaction has been initiated, where the catalyst/alcohol solution attacked 

the triglyceride in the Chlorella vulgaris strain and cleaved off a fatty acid chain.  

Settling and Separating: After the transesterification step, the warm reaction mixture was allowed to cool for 20 min. The reaction 

mixture was filtered and the residues are washed three times by re-suspension in methanol (45 ml) for 15 min to recover any traces of 

FAME product left in the residues. Water (60 ml) was added to the filtrate, to facilitate the separation of the hydrophilic components of 

the extract, and then poured into a 500-mL separating funnel and the reaction vessel was allowed to stand for 4 h to enable its contents 

to settle. Further extraction of the FAME product was achieved by extracting three times for 15 min using 60 ml of hexane, which 

resulted in generation of two layers: hydrophobic layer (hexane, FAME and glycerides), and hydrophilic layer (water, glycerol and 

excess methanol).  

The reaction was demonstrated to be successful by observing the glycerin settling in the bottom soon after stopping mixing of 

the reactants. The top of the mixture looked lighter, and a darker layer was formed at the bottom. When the product has fully settled, 

two distinct layers were separated. These two layers are alkyl esters (biodiesel) and glycerin. The biodiesel on top looked as a clear, 

lighter in color, thin, and slippery to the touch. The glycerin settled to the bottom looked clear, darker amber color, thick, and sticky to 

the touch. Most of the settling occurred within the first hour. Once the glycerol and biodiesel phases have been separated, the bottom 

layer which contains glycerol, trace water, catalyst, and excess methanol was drawn into a pre-weighted beaker and dissolved in pure 

water; to purify the glycerol layer, and then subjected to a flash evaporation process, in which excess alcohol and water are removed. 

The recovered alcohol was recycled and reused. Now, the layer contains only the by-product glycerol and the catalyst, therefore the 

weight of pure glycerol can be detected by the well-known catalyst weight. This procedure was performed in each experiment of the 

work, since we took a 15 g of microalgae biomass in each experiment, which expected to contain lipids of 1.6425 g, and based on just 

60% reaction conversion, around 0.99 g glycerol will be obtained and can be weighed using four digits weight balance. 
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Biodiesel Wash: The top layer in the separation funnel is the produced biodiesel. This biodiesel layer was washed with water and 

filtered into a clean, dry side-arm flask; to evaporate the methanol and the hexane using a fractional distillation apparatus. The amount 

of collected biodiesel is difficult to be measured, since the unreacted glycerides are mixed with it, so the yield of the FAME can be 

calculated using the balanced equation of the transesterification reaction and then compared with the Chlorella vulgaris oil to monitor 

the extent of the conversion. With the forward reaction resulting in FAME production and the process is near to completion, the weight 

of the purified glycerol as a co-product is expected to increase until a constant value, signifying an equilibrium conversion of the 

Chlorella vulgaris lipids to the methyl esters. 

Variables affecting the in situ Transesterification Process:  

 Effect of Alcohol Volume and Temperature: Chlorella vulgaris powder (15 g) was mixed with various methanol volumes (40.0, 

60.0, 80.0 and 100.0 ml) containing 2.2 ml of sulphuric acid (as the optimum catalyst concentration) in screwed cap reaction vessels as 

described before. A minimum volume of 40.0 ml methanol was selected since it was the suitable amount that facilitated a complete 

submersion of 15 g of the Chlorella vulgaris powder. The experiment involved heating the reaction mixtures in flat bottom round flask 

for 8 h, with each trial at one of four different temperatures (27 °C, 40 °C, 50 °C and 65 °C) with continuous stirring using a hot plate 

with a magnetic stirrer. The respective FAME products and the co-product glycerol at different in- vestigated variable levels were 

obtained and their weights determined.  

Effect of Catalyst Concentration: Chlorella vulgaris powder (15 g) was mixed with 80 ml methanol containing different moles of 

sulphuric acid (0.0046, 0.0077, 0.0154 and 0.0308 mol) whose relate to    (30 %, 50 %, 100 % and 200 % respectively) acid catalyst 

concentration (on the basis of the Chlorella vulgaris oil content mass), this was carried out at 65°C for 8 h. Also the in situ 

transesterification reaction was performed at the same conditions without catalyst and to provide a greater insight on the effect of the 

catalyst presence in the transesterification process.  

Effect of Reaction Time: At each of the four temperature levels, the in situ transesterification of 15 g Chlorella vulgaris biomass was 

repeated in duplicate with reaction times of 2, 4, 8 and 10 h with 80 ml methanol containing 2.2 ml sulphuric acid. This was carried out 

to provide a greater insight on the progression of the transesterification process with time with respect to the various investigated 

reaction temperatures. The purification of the glycerol co-product and its weight determination was carried out as described above.  

Effect of Stirring: To investigate the effect of stirring, the reaction vessels used for the in situ transesterification process were run with 

and without stirring for comparison. The reaction stirring was carried out using a magnetic stirrer system with a rotation speed of 650 

rpm kept constant through- out the duration for the reaction. This speed was used since it was observed to facilitate a complete 

suspension of the particles in the reaction vessels. For each treatment, transesterification was carried out as before using 15 g biomass 

with 80 ml of methanol containing 0.04 mol sulphuric acid with a reaction time of 8 h and a temperature of 65°C. The reaction co-

product (glycerol) was purified and its weight was determined. 

RESULTS AND DISCUSSION  
According to the culture conditions used in this study, the samples were determined to have a total lipid content of 10.95% wt. 

of Chlorella vulgaris biomass. The biomass oil content of the used Chlorella vulgaris strain is highly dependent on the specific growth 

conditions not only influenced by the Chlorella vulgaris specie. The Chlorella vulgaris culture conditions, nutrients and light intensity 

can be optimized to increase the oil content of the biomass, and hence increases in the biodiesel production.  The properties (such as 

density, viscosity and acid value) of the extracted oil, which were used to characterize the reacting oil at the start of the transesterification 

reaction, were determined. The results for the percentage principal fatty acids of the extracted Chlorella vulgaris oil, as detected via 

GC analysis of the resulting FAME mixture. This data were used to determine the average molecular mass of the Chlorella vulgaris oil. 

In these results, fatty acids detected only in trace amounts (<1%) were not included. Chlorella vulgaris oil is composed of different 

fatty acids, so their respective contributions to the overall molecular mass of the Chlorella vulgaris lipid is investigated   

  To investigate the influence of reaction time and temperature, a methanol volume of 80 ml was used since it was found that no 

appreciable differences in the equilibrium FAME conversion were obtained with the use of higher alcohol volumes. Reactions were 

carried out at different temperatures of 27 °C up to 65 °C, using methanol-to-oil molar ratio of 3714:1, catalyst concentration of 100 %    

(wt. /wt. oil) and constant stirring rate of 650 rpm.  

The progress of the Chlorella vulgaris oil to biodiesel conversion process at different temperature levels, using the measured 

weight of glycerol as a conversion indicator for the yielded FAME. For the samples investigated at room temperature (no process 

heating), asymptotic FAME conversion value was not reached within the time boundaries of this study. When the in situ 

transesterification process was carried out at 65°C under the same reaction conditions, according, higher equilibrium conversion levels 

of FAME of 43.1 % and 76.22 % were attained after reaction time of 2 h and 4 h respectively. 

The stirring intensity appears to be of a particular importance for the alcoholysis process. Therefore, variations in stirring 

intensity are expected to alter the kinetics of the transesterification reaction. The effect of stirring on the in situ transesterification 

process was performed as potential processes performance strategy. When the in situ transesterification process was conducted without 

stirring, no reaction would obtained, and zero conversion of the Chlorella vulgaris oil content to biodiesel is obtained, compared to that 

for the continuously stirred sample. This indicates that stirring is required to enhance the reaction progress, evidently by aiding the 

initial miscibility of the reacting species. However, after a re- action time of 4 h under the same process conditions, the samples stirred 

intermittently (1 h on and 1 h off) were observed to achieve only 58.7 % yield, and the FAME yield achieved by the samples which 

were continuously stirred was 76.22 %, which prove the positive influence of stirring during reaction. 

  

http://www.jchps.com/


National Conference on Green Engineering and Technologies for Sustainable Future-2014 
Journal of Chemical and Pharmaceutical Sciences                                                                                                                      ISSN: 0974-2115 

JCHPS Special Issue 4: December 2014                                                   www.jchps.com      Page 265 

CONCLUSION  
This study investigated the effect of the most important reaction variables on the conversion of Chlorella vulgaris microalgae 

oil to biodiesel using the acid catalysed in situ transesterification process. Results show that 100% H2SO4 concentration (wt./wt oil) at 

65 °C for 8 hr is the optimum investigated conditions using 15 g of bio- mass and 80 ml of the reacting methanol. The average molecular 

weight of the Chlorella vulgaris oil was calculated to be 845.19 g/mol., reduced to be 284 g/mol for the produced FAME. Without 

stirring, no product will be resulted. The properties of the produced fatty acid methyl esters confirm the EN 14214 standards that make 

the Chlorella vulgaris biodiesel a substitute fuel for petroleum diesel. 
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