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Optimisation of Alkaline Ethanolysis of Biodiesel Yield
from Nigerian Coconut Oil using One Variable at a
Time (OVAT) Approach
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Abstract

In this study, coconut (Cocos nucifera) oil has been identified as a feedstock for biodiesel production. The determination of
optimal feedstocks ratio (of ethanol/coconut oil, v/v. % ratio) was studied. The reaction was executed at different ethanol/
coconut oil ratios: 10%, 15% 20%, 25% and 30% while the reaction time (60 min), reaction temperature (70°C) and 1.0%
NaOH catalyst dosage were kept constant. The result indicated that maximum biodiesel yield (96.09%) was obtained at 20%
of ethanol/coconut oil vol./vol.% ratio within transesterification reactions that were kept constant. The fuel characterization
such as viscosity (4.32mm?/s), specific gravity (0.887), pour point (-18°C), cloud point (-12°C) and flash point (160°C) of the
produced biodiesel at the optimized conditioned showed that the suitability of coconut ethyl ester (biodiesel) were within the

international biodiesel standard.
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1. Introduction

Scientific resources can be saved by optimization of ex-
periments [1]. Optimization procedures such as factorial
designs, response surface methodology, uniform experi-
mental design, taguchi orthogonal design, one variable
at a time and several others are mostly employed [2].
One-variable at a time approach is a method of design-
ing experiments which involve the testing of factor at a
time. Its advantages range from effectiveness, indepen-
dences, and low experimental error [3, 4].

Ever- increasing campaigning for cleaner burning fu-
els, exhaust gases from petroleum products, threat of
supply instability, rising prices and depletion of fossil de-
posits have sprung global interest in renewable biofuel.
Modern biofuel are a promising long term renewable

energy source which has potential to address both envi-
ronmental impacts and security concerns posed by cur-
rent dependence on petroleum based fuels [5, 6, 7]. One
of such biofuel is biodiesel. Biodiesel is biodegradable,
non-toxic and has low emission profiles when compared
to fossil fuel and its usage allows balance between agri-
culture, economic development and the environment.
Biodiesel is produced through a chemical process known
as transesterification. Transesterification of vegetable oils
with low molecular weight simple alcohols (methanol,
ethanol, propanol and butanol) has been established as
the best option to reduce the high viscosity, low volatil-
ity, heavy engine deposits and toxic substance formation
associated with the direct use of vegetable oils [8]. Veg-
etable oil remains the major feedstock for biodiesel pro-
duction. Animal fat and waste cooking oil have also
been used [9, 10]. Soybean (US), rapeseed (Europe),
oil palm (South-East Asia) and canola, to mention a
few have been successfully used as renewable vegetable
oil sources to generate biodiesel with superior qualities
over the petroleum- based fuels [11, 12]. Others include
known oil plants like soybean, canola, sunflower, saf-
flower, Jatropha curcas, peanut, tiger nut, coconut etc[13,
14]. However, some of these oil sources are commodities
whose prices are strongly dependent on the international
market. Coconut is a tropical plant and is commonly
found in the western part of Nigeria. Researchers have
explored feedstocks such as soya bean in Brazil [15, 16]
and Jatropha in India [17] for biodiesel production. Few
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published works on the production and fuel character-
ization of biodiesel from coconut oil as alternative fuel
have produced encouraging results [18,19,20]. Kumar
et al. [21] reported that the ultrasonification process can
reduce reaction time in 15-40 times comparing to the con-
ventional process using in coconut ethyl ester production.
Effect of ethanol on biodiesel yield has been reported by
Alamu et al. [22]. However, optimization of coconut
ethyl ester (biodiesel) biodiesel yield using ethanol/oil
ratio protocol has not been published in literature. The
present work seeks to investigate the optimization of co-
conut biodiesel yield using ethanol/ oil ratio technique
while keeping other transesterification variables constant.
Fuel characterization results from the produced coconut
oil (CNO) biodiesel at optimum yield through ASTM
standard fuel tests are also reported.

2. Materials and Methods

2.1 Laboratory Experiment

Local coconut oil was procured from local stores in Ifo
market, Abeokuta, Ogun State, Nigeria. The CNO con-
tains mainly lauric acids. Ethanol (99.8%) used is an-
alytical grade product of Aldrich chemicals Germany;
while the KOH used was also an analytical grade prod-
uct of Aldrich Chemicals (England) and acetic acid were
obtained from Uche Scientific Company (Lagos State,
Nigeria). The magnetic stirrer used was a product of
Germany. Scales, measuring cylinder, separating funnel
and thermometers were also used.

2.2 Reaction parameters for ethanolysis process
Reaction parameters for ethanolysis process including re-
action temperature, reaction time, catalyst concentration
and CNO quantity were held constant at 60°C, 60 min,
1.0% NaOH (wt.% CNO) and 100g CNO, respectively
and this has been reported [22, 23].

2.3 Transesterification of coconut oil

The transesterification of CNO was executed in 250L re-
actor equipped with a reflux condenser, a thermometer
and a magnetic stirrer under atmospheric pressure. The
reaction was conducted using optimized conditions re-
ported elsewhere [22] since both coconut oil and palm
kernel oil were lauric oil [23]. Ten grams of ethanol was
measured and poured into a conical flask after which
1.0g of NaOH carefully added and dissolved completely
in the ethanol, using the hot plate and magnetic stirrer
to form sodium ethoxide. 100 g of CNO was gently mea-
sured and pre- heated to 60°C before finally poured into
a reactor containing sodium ethoxide. The reactor was
secured tightly and connected into reflux condenser in
order to prevent ethanol loss. The mixture was main-
tained for 60 min after which it was poured into a sep-
arating funnel for settling. The mixture was left for 24
hours to allow separation by gravitational settling into
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an amber yellow liquid biodiesel on top and light brown
glycerol at the bottom. Glycerol layer was drained off
from the separating funnel leaving only crude biodiesel.
The biodiesel was washed as reported [24]. The pro-
cedure was replicated two times and average biodiesel
yield was recorded. The CNO biodiesel produced at the
optimum parameters were subjected to ASTM standard
and fuel test. Specific gravity and viscosity measurement
were determined following the ASTM standard D1298
and D445 respectively. The biodiesel was analyzed for
pour point, cloud point and flash point following ASTM
standard D97, D25100-8 and D-56, respectively. As a
standard for comparison, similar fuel characterization
tests were conducted for petrol-diesel (No.2 Diesel) pro-
cured at NNPC, filling station, Olowomore, Ogun State,
Nigeria.

2.4 Mixing ratio of ethanol/coconut oil on biodiesel
yield

The impact of mixing ratio of ethanol/ coconut oil on
coconut biodiesel yield was studied using ethanol as
variable feedstock with (10%, 15%, 20%, 25% and 30%).
The ethanolysis transesterification was replicated with
varied feedstock (ethanol and CNO) proportions keeping
all other process parameters mentioned above constant.
In all, five treatments were considered using 100.0g of
CNO with ethanol quantity varied from 10.00 g to 0.30 g
at 5g incremental step. As such, ethanol-CNO ratios 0.1,
0.150, 0.20, 0.25 and 0.30 were studied. In each treatment,
two different runs of experiments were undertaken and
the average results evaluated.

3. Result and Discussion

In fuel characterization of CNO biodiesel as alternate
fuel, the CNO biodiesel produced in each treatment and
the petroleum diesel (used as control were analyzed for
key fuel properties including viscosity, specific gravity,
pour point, cloud point, flash point and acid value. Re-
sults are detailed in Table 1. Base catalyzed transesterifi-
cation during laboratory experiment for varied ethanol-
CNO ratio (0.10, 0.150, 0.200, 0.250 and 0.30), were em-
ployed with other constant process parameters to pro-
duce CNO biodiesel. The amount of NaOH, reaction tem-
perature and reaction time employed with the ethanol
variation were held constants at 1.0%, 60°C and 60 mins,
respectively. The results of the runs of each of the experi-
ments together with the average values, for each of the
ethanol- coconut oil ratios studied are detailed in 1

The detailed results presented in Table 2 showed the
amount of CNO biodiesel and glycerol recorded from the
transesterification reaction with ethanol- CNO feedstock
mix of 0.1 (treatment 1) to 0.30 (treatment 5).

The results indicated that average value of 36.5%,
87.0%, 96.09%, 94.63% and 91.46% CNO biodiesel yield
were obtained for ethanol ratio 0.1, 0.150, 0.20, 0.250
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Table 1. Measured coconut biodiesel and petroleum
diesel fuel properties

Fuel properties CNO Petroleum
biodiesel diesel
Viscosity @ 40°C (mm?/ s) 432 3.912
Specific gravity @60°F/60°F |  0.887 0.843
Pour point (°C) -18 -13
Cloud point Q) -12 -3
Flash point (°C) 160 68
Acid value 0.31 0.12

Table 2. Results of transesterification for treatment
types: 1-5 with varying ethanol/ oil ratio

Treatment | QEthanol CNO Glycerol(g)
/QCNO | biodiesel(g) obtained

1 0.100 36.50 £ 0.12 | 60.30 = 0.06

2 0.150 87.00 £ 3.26 | 21.40 £ 0.09

3 0.200 96.09 £0.42 | 6.69 £+ 0.61

4 0.250 94.63 +0.15 | 8.95+0.10

5 0.300 91.46 £0.39 | 11.92 £0.18

and 0.30, respectively. In the same order, the average
of glycerol formed were 60.30g, 21.40g, 6.69g, 8.95g and
11.92g, respectively. This implied that biodiesel yield
increased in direct proportions to the ethanol-CNO ra-
tio increment only up to a threshold mix. Beyond this
point, no evidence of increment yield was observed. This
clearly shows that the optimum percentage of ethanol
(by weight of CNO) needed for ethanolysis of CNO, un-
der the process parameters studied was 20%. Fig. 1
clearly portrays that when the concentration of ethanol
was increased or decreased below this value (20%), there
was no remarkable increase in the CNO biodiesel yield.
QEthanol/ Qcno = 0.1, 0.150......, 0.3
Where QEthanol = quantity of ethanol (g); and
QCNO = quantity of CNO (g).
The coconut biodiesel yield for the various treatments
(1-5) can be mathematical expressed as:
Treatment 1 < Treatment 2 < Treatment 3> Treatment 4
<Treatment 5.
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Figure 1. Relationship between quantity of ethanol and
coconut biodiesel yield during OVAT

4. Conclusion

The following conclusion can be deduced from the OVAT
based optimization of coconut biodiesel yield and the
effect of ethanol/coconut oil ratio on its ethyl ester yield:

¢ Nigerian CNO biodiesel gave futuristic and promis-
ing result as alternative diesel fuel with fuel prop-
erties in good agreement with previous works and
within the limits set by International biodiesel stan-
dards.

e For ethanol-CNO ratio 0.1, 0.15, 0.20, 0.25 and
0.30, CNO biodiesel yield of 36.5%, 87%, 96.09%,
94.63% and 91.46% were obtained under typical
ethanolysis process condition of 600C temperature,
60min reaction duration and 1.0% sodium hydrox-
ide (NaOH) dosage.

¢ An optimum CNO biodiesel yield of 96.09% was
obtained with ethanol-CNO ratio 0.2 under typical
transesterification reaction condition of 60°C tem-
perature, 60min reaction duration and 1.0% alkali
catalyst (NaOH) concentration.
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