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Abstract — In-situ transesterification of microalgae lipids using microwave irradiation has potential to simplify and
accelerate biodiesel production, as it minimizes production cost and reaction time by direct transesterification of
microalgae into biodiesel with microwave as a heating source. This study was conducted to research the effect of micro-
wave irradiation with in-situ transesterification of microalgae under base catalyst condition. The process variables (reac-
tion time, solvent ratio, microwave power) were studied using 2% of catalyst concentration. The maximum yield of FAME
was obtained at about 32.18% at the reaction time of 30 min with biomass-methanol ratio 1:12 (w/v) and microwave
power of 450 W. The GC MS analysis obtained that the main component of FAME from microalgal oils (or lipids) was
palmitic acid, stearic acid and oleic acid. The results show that microwaves can be used as a heating source to synthe-
size biodiesel from microalgae in terms of major components resulting.

Key words: Base catalyzed, in-situ transesterification, Microwave, Microalgae, Chlorella sp.

1. Introduction

The increasing of energy consumption in the transportation sector
has a big impact on the decreasing of fossil fuel energy stock and the
increasing of environmental pollution. The side effect that most con-
tributes to global warming and the environmental problems is green
house gas (GHG) emission. Global warming is a serious problem
that impacts human life and environment and needs huge solutions
and ways to solve it.

Biodiesel from microalgae is one of the renewable energy sources
known as the third generation of biofuel. It has potential to replace
fossil fuel energy, decrease gas house emission and increase protec-
tion of the energy supply. If compared with other sources, biodiesel
from microalgae has greater potential as the substitution of diesel
fuel when viewed from the aspects of environment, security, eco-
nomic, raw material and fuel performance [1].

Conventionally, biodiesel production from microalgae involves
two steps: extraction and transesterification that requires many sol-
vents, much energy and high operational cost. Several researches
have been conducted to eliminate the extraction step by in-situ trans-
esterification method or direct transesterification. With in-situ trans-
esterification, oils saved in material contact directly with alcohol
alkalized or alcohol acidified. Therefore, extraction and transesterifi-
cation take place simultaneously during the reaction. Several studies
have been reported conducting in-situ transesterifications using acid
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catalyst. Ehime et al., (2010) [2] studied the effect of reaction vari-
ables on Chlorella lipids; Miao et al., (2009) [3] examined acid cata-
lyst by direct transesterification; Johnson and Wen (2009) [4] showed
in-situ transesterification with different co-solvents, and Xu and Mi
(2011) [5] tested in-situ transesterification from Spirulina Sp using a
base catalyst with various co-solvents. All previous researchers used
conventional or direct heating as a heating method.

In the in-situ transesterification mechanism, carbonyl group from
ester is nucleophilically attacked by alkoxides to produce intermedi-
ate tetrahedral, which can be reactant or product. Some species in
equilibrium and product distribution depend on relative energy from
reactant and product. Base-catalyzed transesterification has been
proven as the faster catalyst than acid catalyzed transesterification
[6]. The faster reaction rates are due to the strong nucleophilic of
alkoxides formed from methanol and catalyst [7]. Base-catalyzed in-
situ transesterification can be carried out using base homogeneous
catalyst and a heterogeneous catalyst such as KOH, NaOH, and
CaO.

Microwave as a heating source can be applied to various things
such as the extraction of essential oils [8-14] and in the transesterifi-
cation from microalgae or other sources to facilitate cell penetration,
energy supply and heating acceleration [15-19]. Microwaves can
increase the gradient of temperature and pressure generation, cell
wall rupturing and improve mass transfer and reaction rate [20]. The
microwave oven works by the exposure of microwave with frequency
2450 MHz and 12.24 cm in length. A microwave will be absorbed
by materials through dielectric heating. Some molecules including
water are electric dipoles and have positive and negative poles that
can cause molecules to rotate and generate heat [21]. The heating
system by microwave irradiation is caused by dielectric properties of
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Fig. 1. Mechanism of base trans-esterification reaction.

polar mixtures and ionic components of oils that interact molecu-
larly to produce an intermolecular mixture.

In this study, we evaluated biodiesel production from Chlorella sp.
by base catalyzed in-situ transesterification at different reaction times,
methanol ratio and microwave powers. Methyl ester characteristics
were analyzed to investigate its potential as a biofuel.

2. Materials and Methods

2-1. Materials

Chlorella sp. was purchased from Balai Budi Daya Air Payau
(BBAP) Jepara, Central Java, Indonesia. Methanol (>99% purity),
n-hexane (98%) and KOH were purchased from Brataco Chem.

2-2. Experimental

Process stage involves characterization of microalgae by lipid
extraction and in-situ transesterification of microalgae using potas-
sium hydroxide and microwave as a heating source.

2-2-1. Lipid extraction of microalgae

Chlorella sp. was placed in a thimble filter paper and then put into
250 ml Soxhlet. N-hexane solvent with 96% of concentration was
added into the Soxhlet. An optimization Soxhlet extraction was per-
formed to determine the total lipid content of dried microalgae and it
was carried out for 3.5 hours with 26 circulations. The mixtures of
microalgae lipids and n-hexane were then distilled to remove the
residual solvent. Lipid produced was weighted to determine the per-
centage of yield lipid. Lipid produced was analyzed by GC MS to
determine the fatty acid composition.

2-2-2. In-situ transesterification procedure

In-situ transesterification using KOH 2% was conducted in a
microwave reactor equipped with a reflux condenser with design as
in Fig. 2. The microwave reactor was a microwave type Electrolux
EMM2007X with maximum power 800 W. Reflux condenser func-
tion is to provide condensation from evaporation of solvent mixture,
and a magnetic stirrer was used to keep uniform mixing during the
experiment.

This stage started by solving catalyst into methanol while stirring
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Fig. 2. Microwave reactor design for in-situ transesterification.
1. Condenser 5. Power setting
2. Stative clamp 6. Time setting
3. Microwave 7. Magnetic stirrer
4. Reactor 8. Stir bar

with magnetic stirrer. Methanol and catalyst solution was mixed with
microalgae powder and heated in the microwave. The process was
carried out on all variables of biomass-methanol ratio, catalyst con-
centration and microwave powers. When the reaction was finished,
the mixed solution was filtered with a vacuum filter to separate fil-
trate from residue. The filtrate was then resuspended in methanol for
10 min to take FAME remains. Water was added into the filtrate to
ease separation of hydrophilic component, then poured into the fun-
nel until forming three layers. FAME in the first layer was extracted
for three times with n-hexane and washed with water to remove the
remains of catalyst and methanol. After that, FAME product was dis-
tilled, weighted and analyzed by GC MS.

3. Results and Discussion

3-1. Extraction and characterization of microalgae lipids

In this study, the total lipid of microalgae was obtained by
extraction to determine the fatty acid component of microalgae.
Extraction process was conducted by Soxhlet method using n-
hexane as a solvent.

The concept of solvent extraction is that non-polar solvents dam-
age the hydrophobic component through interaction between non-
polar solvents and neutral fatty acid components in microalgae [22].
The extraction relies on the ability of the solution to penetrate the cell
structure of microalgae and attract the fatty acid components stored
in the microalgae cell matrix. The chemical concept “like dissolving
like” is the basic principle of microalgae extraction using solvent. An
ideal solvent requires a high specification of lipids, especially acyl-
glycerol, and should be volatile to ensure energy and time used for lipid
separation of the solvent by distillation is low. Non-polar solvents
interfere with the interaction between non-polar lipids and neutral
lipids in biomass.
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Table 1. Fatty acid components of Chlorella sp.

No. Fatty acid components Percentage (%)

Saturated fatty acid

1 Palmitic acid (C16:0) 9.79

2 Stearic acid (C18:0) 1.32

Monounsaturated fatty acid

3 Oleic acid (C18:1) 9.99
Polyunsaturated acid

4 Linoleic acid (C18:2) 1.43

GC-MS analysis indicated that fatty acid components of Chlo-
rella sp. contain saturated fatty acid (SAFA), monounsaturated fatty
acid (MUFA) and polyunsaturated fatty acid (PUFA). The lipid
components were dominated by unsaturated fatty acid (MUFA)
with oleic acid as the prominent component.

3-2. Base-catalyzed in-situ transesterification of microalgae

3-2-1. The effect of methanol volume on the yield of crude biodiesel

In the base in-situ transesterification of Chlorella sp., there are
several variables that influence the process. The effect of algal bio-
mass to methanol ratio is one factor which has a significant impact
on in-situ transesterification reaction. Role of methanol is as a sol-
vent to extract microalgae lipids or oils [23] and also as a reactant
during transesterification process. The stoichiometric ratio indicates
that the transesterification of 3 moles of methyl esters and 1 mole of
glycerol requires 3 moles of alcohol and 1 mole of triglycerides.

Fig. 3 shows the correlation between alcohol volume to crude bio-
diesel which was transesterified using KOH 2%, microwave power
450 W for 30 min. The experiments showed that the yield of crude
biodiesel was significantly increased with the increase of methanol
volume from 80 ml to 120 ml. It indicates that a large amount of
methanol facilitates contact between methanol and microalgae maxi-
mally. The use of excess methanol also increases the absorption
capacity of material in the microwave, which will improve the mole-
cule excitation of materials and induce a rise in temperature. The
optimum yield resulted in 120 ml of methanol use with 27.18% of
yield.

= —_ N N w
o [ o 5] o
T d

Yield of crude biodiesel (%)

v

0 s s L s
60 80 100 120 140 160

Volume of methanol (mL)

Fig. 3. Effect of volume of methanol on yield of crude biodiesel with
KOH 2%, reaction time 30 min and microwave power 450 W.
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Fig. 4. Effect of different reaction time on yield of crude biodiesel
from in in-situ transesterification with KOH 2%, biomass
to methanol ratio 1:12 (w/v) and microwave power 450 W.

However, in the use of 150 ml of methanol, the yield of crude bio-
diesel decreased immediately to 22.95%. The decrease of yield of
crude biodiesel with the process using methanol above of 120 ml
reveals that in-situ transesterification with KOH 2% and 1:12 bio-
mass to methanol ratio (w/v) under irradiation microwave was inef-
fective and was not affected to the increase of yield.

3-2-2. The effect of reaction time on the yield of crude biodiesel

In-situ transesterification with 2% of KOH was studied with
investigating the effect of reaction time to yield of crude biodiesel.
The experiment showed that for 50 min of reaction time the yield of
crude biodiesel increased slowly from 24.27% to 32.18% of crude
biodiesel. The crude biodiesel resulting in 50 min was the highest
yield and after that yield decreased immediately to 30.36% in
60 min.

Reaction time is an important factor that affects during in-situ
transesterification under microwave irradiation. The correlation
between the reaction time and the yield of crude biodiesel is shown
in Fig. 4. The graph shows that yield of crude biodiesel increased
with the increasing of time during the reaction. The increasing
of contact time between biomass with methanol causes an increase of
damaged cell walls and triglycerides which were released into
the solvent. The length of contact time facilitates a sufficient
contact time for reactant to interact and produce a higher yield
of biodiesel [24]. The microwave also accelerates the organic synthe-
sis with the increase of the rate of reaction. As stated by Arrhe-
nius law, the contact between molecules will be greater with the
length of reaction time [25]. However, the length of reaction time can
be insufficient and cause overheating, loss of much solvent and
energy and by-product formation during the process [24].

3-2-3. The effect of microwave power on the yield of crude biodiesel
The effect of microwave power on the yield of crude bio-
diesel was studied with different powers (300, 450 and 600 W)
during in-situ transesterification with KOH 2%. Fig. 5 shows
correlation crude biodiesel produced from in-situ transesterifi-
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Fig. 5. The yield of crude biodiesel on several reaction time with vari-
ous microwave power.

cation using KOH 2% and different microwave power. The
graph indicates an increase of yield during reaction for 60 min
which was heated in a microwave with 300 W. In contrast, in the
operation with higher of microwave power (450 and 600 W), the
yield of crude biodiesel increased immediately until 50 min of
reaction time and then decreased gradually in 60 min. The high-
est yield of crude biodiesel was about 32.18% by using microwave
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It has been found that the use of low microwave power in the
experiment significantly increases the yield due to the maximum
interaction of the reactant mixture and the lack of evaporated solvent
during the reaction. However, the application of high microwave
power in the in-situ transesterification stimulates the rise of tempera-
ture and that can produce higher yield.

3-3. Characterization of fatty acid methyl esters

The composition of GC MS on fatty acid methyl ester Chlorella sp.
showed that the methyl ester is a medium chain (C12-C20) methyl
ester comprising lauric acid methyl ester (C12:0), myristic acid methyl
ester (C14:0), palmitic acid methyl ester (C16:0), stearic acid methyl
ester (C18:0), oleic acid methyl ester (C18:1), linoleic acid methyl
ester (C18:2), arachidonic acid methyl ester (C20:4) and eicosapen-
tanoic acid methyl ester (C20:5).

From Table 2 it can be seen that the characteristic of fatty acid
methyl ester from Chlorella sp. that was esterified by microwave
heating is a medium chain fatty acid (MCFA) consisting of saturated
fatty acid (SAFA) and unsaturated fatty acid (unsaturated fatty acid,

Table 2. The composition of fatty acid methyl ester from Chlorella sp.
by GC-MS analysis

4 P . hile the | ield found fo b Compound Name Formula Mass (%)
power of 450 W for 50 min, while the lowest yield was found to be Methyl Lauric 120 079
25.09% by using microwave power of 600 W for 40 min. Methyl Palmitic C16:0 17.81

The application of different power shows a significant effect on Methyl Myristic C14:0 2.06
the yield of crude biodiesel during in-situ transesterification under Methyl Palmitoleic Cl6:1 4.82
microwave irradiation. Energy from microwave is transferred into Methyl Oleic Ci18:1 9.43
materials by dipolar polarization, ionic conduction and interfacial Methy! Stearic C18:0 13.22
polarization, which causes heating localization in materials and acceler- Methyl Margaric CI7.0 4.82

. . .. Methyl Eicosapentaenoic C20:5 2.10

ates the reaction [26]. Microwave power may act as a driving force .
h g heatine localization. Tt facili breakd Fthe cell Methyl Arachidonic C20:4 0.70

at produces heating localization. It facilitates breakdown of the ce: Methyl Linoleic C182 116
matrix of microalgae that make solutes easier to diffuse out and dis- Methyl Ricinoleic C18:1-10H 045
solve in the solvent.
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Fig. 6. Gas Chromatography-Mass Spectrophotometry Analysis of Chlorella sp. FAME (KOH 2%, reaction time S0 min, microwave power 450 W).
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MUFA and PUFA). The highest fatty acid composition is dominated
by saturated fatty acids (SAFAs) with a percentage of about 40%
consisting of palmitic acid, stearic acid, myristic acid and lauric acid.
While, monounsaturated fatty acids (MUFAs) consisted of oleic acid
with the percentage of about 9.43% and polyunsaturated fatty acids
(PUFAs) of about 8.78%. From the PUFAs composition, there is an
arachidonic acid methyl ester with a low percentage of about 0.70%.
Arachidonic acid is one of the characteristics of biodiesel produced
from microalgae and is not found in fatty acids contained in other
vegetable oils. While, the methyl ester profile of FAME generated
through transesterification is a medium chain fatty acid which is
dominated by saturated fatty acid (SAFA) with 40.22%.

4. Conclusions

We evaluated the process parameters required for base in-situ
transesterification to produce biodiesel from microalgae using micro-
wave. From the parameters evaluated (methanol volumes, reaction
time and microwave powers), the highest yield was obtained at 50 min
with biomass to methanol ratio, 1:12 and power of 450 W. It indicated
that 32.185% of yield can be obtained using KOH, and from the
FAME:s profile was identified that the majority of FAME was pro-
duced from palmitic acid, stearic acid and oleic acid.
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