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INTRODUCTION

Due to depletion as well as increased consumption of fossil
fuels, the biodiesel from non-edible sources is gaining signi-
ficance [1]. Biodiesel is basically comprised of fatty acid alkyl
esters (FAMEs) derived from plant or animal origin, which
are considered to be cleaner, renewable, carbon neutral and
biodegradable [2,3]. Some of the edible oil seed crops which
are used for biodiesel production include palm, soybean, rape-
seed, sunflower, coconut, etc. [4,5]. The use of edible sources for
biodiesel production has caused the worldwide food threat which
is a serious matter of concern. Therefore, raw materials like jatropha,
karanja, mahua, jojoba, microalgae, etc. being non-edible sources
are more actively used for biodiesel production [6,7].

Microalgae have gained attention in the current years as
the biodiesel feedstock because of their rapid biomass prod-
uction, high lipid content and adaptation to any kind of growing
medium [8,9]. The common method to produce biodiesel involves
steps like oil extraction, purification and finally the transesteri-
fication. This method can be replaced with simultaneous oil
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extraction and transesterification of algae oil to biodiesel, which
can reduce the overall biodiesel production time and its cost,
thus making it economically viable process. As the use of micro-
algae is a new area for biodiesel production, not much literature
is available regarding this. The works on optimization of simul-
taneous oil extraction and transesterification of algae oil are
also scarce. Algae have emerged as one of the prospective feed-
stock for production of biodiesel; nevertheless, the optimiza-
tion of biodiesel production via simultaneous extraction and
transesterification from pond water algae has not been done
yet. The present study deals with optimization of experimental
conditions of simultaneous oil extraction and transesterification
of pond water algae biomass in order to obtain the maximum
biodiesel yield. The study was conducted to investigate the
effect of reaction parameters (reaction temperature, methanol
volume, catalyst volume, stirring intensity) on the biodiesel yield.

EXPERIMENTAL

The algae biomass was collected from pond located near
India Gate in New Delhi, India. All the reagents and chemicals



used in the investigation i.e. methanol, hexane, sulphuric acid
(98 % pure) were procured from Merck of analytical grade.

Experimental procedure: The algae biomass was sun-
dried and then exposed to cell disruption using mechanical
pulverization. The singe-stage in situ transesterification of
algae in a batch reactor was attempted. The known amount of
dried biomass and the known volume of methanol (reactant)
and conc. H2SO4 (catalyst) were added to the reactor coupled
with a magnetic stirrer and reflux condenser. The solvent (hexane)
was also added to the reactor. The reactants in the reactor were
stirred using magnetic stirrer at a definite intensity and tempe-
rature. After the completion of reaction, the contents of reactor
were allowed to cool down and then transferred to the separating
funnel. The contents were washed with warm distilled water
and then allowed to form two immiscible layers. The upper layer
constitutes the biodiesel along with the solvent which was care-
fully separated from the lower layer. This lower layer comprised
mainly of excess methanol, catalyst, water and glycerol. The
biodiesel was then separated from the solvent via simple distil-
lation. The percentage yield of algae biodiesel obtained was
calculated using eqn. 1:

Weight of biodiesel obtained (g)
Yield of algae biodiesel 100

Oil taken (g)
= ×   (1)

Therefore, using above procedure, the batch experiments
were performed in order to identify the optimum reaction
parameters required to achieve the maximum yield of biodiesel.
The reaction parameters were accordingly: temperature (35
ºC to 75 ºC), algae biomass (wt.) to methanol (vol.) ratio (1:1
to 1:6), catalyst concentration (25-100 wt. %) and stirring intensity
(150 to 750 rpm).

RESULTS AND DISCUSSION

The methyl esters of fatty acids present in biodiesel (Table-
1) produced from wastewater algae biomass were mainly of
palmitic acid (38.39 %) followed by linoleic acid (5.53 %),
linolenic acid (3.25 %), oleic acid (11.73 %), caprylic acid
(3.76 %) and myristic acid (3.33 %) [10]. The fuel properties
of produced algae biodiesel are reported in Table-2 satisfied
benchmarks as prescribed by American and European standards
with density of 872 kg/m3 and viscosity of 5.82 mm2/s [11].
The calorific value obtained for biodiesel was found to be 40.8
MJ/kg which were lower than 43.23 MJ/kg of diesel but higher
than 40.44 MJ/kg of karanja biodiesel and 39.28 MJ/kg of
tallow biodiesel.

Effect of reaction temperature: The effect of tempe-
rature on biodiesel yield from wastewater algae biomass is
shown in Fig. 1. The reaction was carried for the total time
duration of 60 min while varying the temperature of reactor
from 35 to 75 ºC. This temperature range was carefully chosen

TABLE-1 
COMPOSITION OF ALGAE BIODIESEL 

Detected compound Weight (%) 
Palmitic acid methyl ester 38.39 
Linolenic acid methyl ester 3.25 
Linoleic acid methyl ester 5.53 
Oleic acid methyl ester 11.73 
Caprylic acid methyl ester 3.76 
Myristic acid methyl ester 3.33 

 

TABLE-2 
FUEL PROPERTIES OF ALGAE BIODIESEL 

Property Algae 
biodiesel 

ASTM 
D6751 

EN 
14214 

Density (kg m-3) at 25 °C 872 – 860-900 
Specific gravity (g/mL) at 25 °C 0.878 0.88 – 
Viscosity (mm2/s) at 40 °C 5.82 1.9-6.0 3.5-5.0 
Calorific value (MJ/kg) 40.80 – – 
Acid value (mg KOH/g) 0.40 0.50 max 0.50 max 
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Fig. 1. Effect of reaction temperature on yield of biodiesel from algae [450
rpm stirring intensity, 60 wt. % concentration of catalyst, 1:4 algae
biomass:methanol (wt:vol)]

depending on the boiling point of methanol which is used
during the transesterification. Fig. 1 showed that the biodiesel
yield increases with rise in temperature upto 55 ºC and then
falls down gradually. The yield of biodiesel at 35 and 55 ºC
was about 43.7 and 74.6 %, respectively obtained after 50 min
of reaction duration. The possible reason behind this trend is
that with an increase in temperature, the viscosity of algae
oil decreases resulting in the better contact area of the oil and
methanol to react. Moreover, glycerol formed separates out
faster at high temperature, which increases the rate and thus,
higher biodiesel yield is achieved. However, a substantial drop
in the yield of biodiesel was observed when the reaction tempe-
rature was raised above 55°C. This could be due to the side
reactions (such as: hydrolysis of FAMEs to respective acid
and alcohol) which are favoured at very high temperatures and
proceed at a higher rate in comparison to transesterification,
thereby lowering the yield. The similar trends were observed
while investigating the biodiesel production from Spirulina
algae oil.

Effect of stirring intensity: The effect of stirring intensity
of reactants during in situ transesterification on the yield of
biodiesel from wastewater algae was examined by varying the
intensity rate from 150 to 750 rpm. The change in the yield of
biodiesel with increase in the intensity of stirring is shown in
Fig. 2. The stirring increases the contact surface area in between
the two reactants which would be otherwise in contact only
via interface of the two phases of liquid. Stirring leads to an
increase in reaction rate by homogenizing the reactants as a
single phase and increases the biodiesel yield [12]. The trend
shows that with the rise in intensity from 150 to 450 rpm,
there is rise in the yield as well and thereafter it comes to
equilibrium with further advancement of stirring intensity. The
similar trends were observed while investigating the biodiesel
production from Spirulina algae oil.
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Fig. 2. Effect of stirring intensity in rpm on yield of biodiesel from algae
[55 °C temperature, 60 wt. % concentration of catalyst, 1:4 algae
biomass:methanol (wt:vol)]

Effect of catalyst concentration: Fig. 3 shows the effect
of change in the catalyst concentration from 25 to 100 % (of
dry algae biomass) on biodiesel yield. The catalyst used in the
reaction was conc. H2SO4 because the acidic catalysts are reported
in literature to be effective for maximum conversion of trigly-
cerides and FFA present in algae oil to biodiesel [13]. It is observed
that with increase in catalyst concentration from 25 to 60 %,
the yield of biodiesel yield was also increased upto 74 %. How-
ever, increasing the concentration of catalyst from 60 to 75 %,
a decrease of biodiesel yield to 68.40 % was observed which
dropped drastically to 38 % when the catalyst concentration
was increased to 100 %. The cause for the trend obtained could
be that at high concentrations of catalyst, there is stimulation
of the side reaction of triacylglycerides, resulting in low percen-
tage of triacylglycerides available for biodiesel production and
thus, decreases the overall biodiesel yield [14].
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Fig. 3. Effect of concentration of catalyst on the yield of biodiesel from
algae [55 °C temperature, 450 rpm stirring intensity 1:4 algae
biomass:methanol (wt:vol)]

Effect of algae biomass to methanol ratio: The optimal
quantity of methanol required in the transesterification reaction
is an important factor, since it is responsible in deciding the
yield of biodiesel. The methanol if taken in fewer amounts
will adversely affect the conversion rate of triacylglycerides
to biodiesel, whereas if taken in higher quantities, will lead to
emulsification and thus reduce the biodiesel yield. Methanol
contains polar hydroxyl group which emulsifies with glycerol
as well as with biodiesel which is produced during the trans-
esterification reaction thus, promoting the reaction to proceed
in backward direction i.e. recombination of biodiesel and

glycerol, and lower the yield of biodiesel [15]. Fig. 4 shows
the trend of change in algae biomass:methanol (weight:volume)
ratio from 1:1 to 1:6 in the reaction while keeping other reaction
parameters constant. The initial increase in biodiesel yield from
54.80 to 74.40 % was observed when the ratio of algae biomass:
methanol was increased upto 1:4 and thereafter, increasing the
ratio from 1:4 to 1:6, the biodiesel yield decreased to 71.90 %.
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Fig. 4. Effect of ratio of algae biomass:methanol on the yield of biodiesel
[55 °C temperature, 450 rpm stirring intensity, 60 wt. % concen-
tration of catalyst]

Conclusion

The production of biodiesel from wastewater algae biomass
using in situ single stage transesterification strategy has been
investigated in present study. The results of classical method
of optimization of process parameters for simultaneous oil
extraction and transesterification showed that the most suitable
conditions for maximum algae biodiesel yield were: 55 ºC
reaction temperature, 450 rpm stirring intensity, 60 % catalyst
concentration and 1:4 algae biomass to methanol ratio. Hence-
forth, it can be concluded that the wastewater algae biomass has
the immense potential to be the alternate feedstock for biodiesel
production with its effective utilization in diesel engine, which
is comparable to other established biodiesel and diesel. Some
areas, such as algae cultivation and biomass availability, have
received certain criticisms concerning with the financial viability
of algae biodiesel. The factors questioning its sustainability
can be reversed by using low cost algae biomass such as algae
growing in wastewater or natural water biodiesel [16,17]. This
study positively established the viability of wastewater algae
biomass as a feedstock to be used for the production of biodiesel
which is having a hopeful potential as a substitute to petro-diesel.
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