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Abstract: Comparison of the optimum conditions for biodiesel production from pure palm
cooking oil (PPCO) and waste palm cooking oil (WPCO) through transesterification process
using alkaline catalysts was studied. Some important variables such as volumetric ratio and types
of reactants, catalytic activities were selected to obtain a high quality biodiesel fuel that comply
with the specification of standard methods (ASTM D 6751 and EN 14214). The highest yield of
approximately 99% was acquired under optimum conditions of 1:6 volumetric oil-to-methanol molar
ratio, 1% KOH catalyst, 40°C reaction temperature, and 320 rpm stirring speed. Results showed that
the production of biodiesel from PPCO and WPCO was exhibited no considerable differences. The
research demonstrated that biodiesel obtained under optimum conditions from PPCO and WPCO
was of good quality and could be used as a diesel fuel. Waste cooking palm oil after frying could be
used as recycled material for waste management to produce renewable energy.
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INTRODUCTION sources are petroleum, natural gas, coal, hydro,
and nuclear. Petroleum-based or fossil fuels

With the advent of industrialization and still dominate worldwide, but the depleting
population increase the demand for energy is oil reserves, and their atmospheric pollution,
greater than ever before. The current energy have necessitated the need for an alternative
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source of energy (Kulkarni and Dalai,
2006). Additionally, fuels from alternative
sources or alternative fuels are required to
be environmentally friendly, technically
satisfactory, economically competitive and
readily available (Oliveira and Rosa, 2006;
Srivastava and Prasad, 2000). Biodiesel is
one possible alternative to fossil fuels which
have several benefits over the petroleum
diesel fuel (Stamenkovic”, et al. 2007).
According to the US Standard Specification
for Biodiesel (ASTM 6751), biodiesel is
defined as a fuel comprised of mono-alkyl
esters of long chain fatty acids derived from
vegetable oils or animal fats (Vicente, et al.
2007). It 1s biodegradable, produced from
renewable sources and contributes a minimal
amount of net green house gases or sulfur to
the atmosphere (Bouaida, et al. 2007).

The current feedstocks for production of
biodiesel are vegetable oil, animal fat, microalgal
oil and greases. Vegetable oils are currently being
used as a sustainable commercial feedstock.
However, the relatively high cost of vegetable
oil influences the production cost of biodiesel.
In view of this, large amount of waste cooking
oil is produced from restaurants, catering
establishments and food industries every year,
and the discarding of this waste cooking oil can
be problematic because it can contaminate water
resources (Kulkarni and Dalai, 2006). Thus,
biodiesel production from this waste oil may
alleviate this environmental pollution.

In Malaysia, one of the world’s leading
palm oil production country, total crude palm oil
production in 2007 was 15.8 million tones which
was the highest source for oil production in the
country (DSM, 2008). Study on the use of biodiesel
produced from solid palm oil as an alternative
diesel fuel had been carried out at PORIM (Palm
Oil Research Institute Malaysia), University
of Technology, Malaysia, the University of
Malaya, Proton (National Automobile Industry
of Malaysia), and Castrol Malaysia Sdn. Bhd.
(Kalam and Masjuki, 2002). However, literatures
are not available on biodiesel production from
waste palm edible oil in Malaysia.

Earlier, many researchers focused their
experiment on virgin oil such as soybean oil,

sunflower oil, cotton-seed oil, and rape oil
as a source (Korus, et al. 1992; Wagner, et al.
1984). However, the high cost of using virgin
oil becomes a barrier to commercialize biodiesel
as alternative to diesel fuel. Therefore, the use
of waste vegetable oil should greatly reduce the
cost of biodiesel because of relatively low price
of waste cooking oil.

To obtain biodiesel from feedstocks,
transesterification of triglycerides with low
molecular weight alcohols catalyzed by
homogenous catalysts is the most researched
(Aranda, et al. 2007). As a result of higher
content of fatty acids and water in used
cooking oil, application of base catalysts might
cause problems due to the side saponification
reaction which creates soap and consumes
catalyst (Issariyakul, er al. 2008). Despite
these disadvantages, transesterification process
using base catalyst has some benefits, such as
low production cost, faster reaction speed and
mild reaction conditions (Aranda, et al. 2007).
Recently, research has focused on heterogeneous
catalysts for reduction of the processing costs
associated withhomogeneous catalysts and many
alkaline catalysts such as sodium hydroxide,
potassium hydroxide, calcium carbonate rock,
and Endoscopic Sclerotherapy (EST-4) and
(EST-10) catalysts, and Na/NaOH/y-AlO,
were studied (Trakarnpruk and Porntangjitlikit,
2008).

The present study aims at comparing the
optimum conditions for fatty acid methyl ester
(FAME) formation or biodiesel production
from pure and waste palm cooking oil through
the transesterification process using alkaline
catalysts. The quality of biodiesel from both pure
and waste edible palm oil was also analyzed and
compared.

MATERIALS AND METHODS

Materials

Palm oil (PPCO) was purchased from a
local grocery shop whilst waste palm cooking oil
(WPCO) was obtained from restaurants next to
the University of Malaya campus in August 2007.
To remove impurities, the WPCOs were filtered
under vacuum pressure (11 bar). Potassium
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hydroxide, sodium hydroxide, magnesium
sulphate anhydrous, methanol and ethanol were
purchased from SYSTERM / Classic Chemicals
Sdn Bhd, Malaysia.

Transesterification Reaction

The transesterification reaction was
performed at different volumetric ratios of oil
to alcohol (methanol, ethanol), varying from 3:1
to 6:1 (4:1, 3:1, 1:3, 1:4 and 1:6) at 40°C and
350 rpm. The reaction time was kept constant
at 2 - 3 hours for all experiments. Two types of
catalysts were used, NaOH and KOH at a range
of 0.5 - 2.0% wt. of oil. After transesterification,
the biodiesel was separated from glycerol using
a separating funnel and finally washed with
5% water followed by magnesium sulphate
anhydrous to remove the water. Several
basic variables, namely, catalyst type and
concentration, alcohol to oil ratios, and reaction
temperature were investigated as they have been
reported to play a significant role in biodiesel
production (Ma and Hanna, 1999).

Biodiesel Analysis

The produced biodiesel was analyzed by
specific methods to verify whether the products
fulfill the specification of standard methods
(ASTM D 6751 and EN 14214). An atomic
emission (AE) spectroscopic multi-element oil
analyzer (MOA) was used to determine the group
I metals (Na, K), group II metals (Ca, Mg) and
phosphorus content. Viscosity was measured in
¢St at 40°C using houillon viscometer (France)
with ISL software version 2.1. Total acid value
was measured by titration method with KOH
and phenolphthalein as an indicator.

RESULTS AND DISCUSSION

Properties of PPCO and WPCO

Two important properties of PPCO and
WPCO were summarized in Table (1). The acid
value unveiled the low amount of free fatty acids
(FFA) in both types of oils. Both oils can be
utilized as fuel in diesel engines, but the main
obstacle is their high viscosity which creates
problems in atomization of the fuel spray and
operation of the fuel injectors.

Table 1. Acid value and viscosity of Pure Cooking
Palm Oil (PPCO) and Waste Cooking palm Oil
(WPCO).

Oil type Acid value Viscosity
(mgKOH/g oil) (cSt at 40°C)
PPCO 0.22 442
WPCO 043 4.10
Effect of Molar Ratio

The effect of molar ratio of methanol and
ethanol to oil was studied. Methanol, ethanol,
propanol, butanol and amyl alcohol can be used
in the transesterification reaction. Amongst these
alcohols, methanol is applied more frequently as
its cost is low and it is physically and chemically
advantageous (polar and shortest chain alcohol)
over the other alcohols (Demirbas, 2005). According
to Demirbas (2007) in contrast, ethanol is also a
preferred alcohol for use in the transesterification
process compared to methanol, since it is derived
from agricultural products and is renewable and
biologically less offensive in the environment.
However, results demonstrate that highest biodiesel
yield was nearly 100% at 1:6 oil/methanol or ethanol
with an exception yield (96%) in case of 1:6 PPCO/
ethanol (Figures 1, 2). In comparison, biodiesel
yield from WPCO and PPCO showed no significant
difference. From Figure (2), it can be observed
that biodiesel yield continuously increased with
the increase of ethanol ratio. Conversely, in Figure
(1), methanol did not show the same trend. In this
case, yield at 1:4 oil/methanol was lower than 1:3
oil/methanol most probably due to emulsification
during washing process. Despite this exception, the
overall results proved that the increase of both type
of alcohol ratio improves the yield of biodiesel. As
using methanol (oil:methanol = 1:6) achieved the
highest yield percentage, further study such as
effect of catalyst was performed applying the same
alcohol.

Effect of Catalyst

A previous study (Knothe, 2000) indicated
that production of biodiesel from waste frying
vegetable oil, using KOH as catalyst with reaction
carried out at ambient pressure and temperature,
achieved conversion rates of 80-99%. From Figure
(3), it could be seen that highest biodiesel yield
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(90%) was achieved using KOH at 40°C. Because
of the higher yield, KOH was used as a catalyst
to study the effects of catalyst concentration on
biodiesel yield. The biodiesel yield increased from
about 78% to 94% when the KOH concentration
increased from 0.5% wt to 2.0% wt. (Figure 4).
Paradoxically, during separating and washing
of biodiesel the emulsification phenomena had
been observed. This usually happens due to soap
formation by these base catalysts and free fatty
acids in the oil in presence of water (Arzamendia,
et al. 2007). This emulsification can be mitigated
by reducing shaking intensity during washing and
separation of biodiesel from glycerol.

Analysis of Produced Biodiesel

The biodiesel samples produced from the
above experiments under optimum conditions of 1:6
volumetric oil-to-methanol ratio, 1% KOH catalyst
and 40°C reaction temperature were analyzed with
regard to some important requirements for biodiesel
use as fuel in diesel engines. These results are
compiled in Table (2). Most of these properties
fulfilled the limits in biodiesel standard in ASTM
D 6751 and EN 14214. On the contrary, biodiesel
obtained from WPCO had aslightly higher acid value
(0.43 mgKOH/g) compared to biodiesel produced
from PPCO. Both produced biodiesels showed
nearly similar viscosity. Viscosity is an essential
property of diesel fuel because of its influences
on the wear rate of engine components (Knothe,
2006). Additionally, it can be observed from Table
(2) that PPCO biodiesel had considerably higher
phosphorus concentration than WPCO although it
fulfills the requirement of the standards.

110

=1 7—4&._;::/

90

—e— PPCO Biodiesel Yield (%)

s | —a— WPCO Biodiesel Yield (%)

70

MeOH  MeOH
(1:4) (1:6)

MeOH
(3:1)

MeQOH
4:1)

MeOH
(1:3)
Fig. 1. Effect of volumetic ratio of oil to methanol
(MeOH) on biodiesel yield (Reaction conditions:
temperature = 40°C, catalyst KOH =1 wt. %, RPM
=350, reaction time = 180 minutes).
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Fig. 2. Effect of volumetric ratio of oil to ethanol
(EtOH) on biodiesel yield (Reaction conditions:
temperature = 40°C, catalyst KOH=1 wt. %,
RPM = 350, reaction time = 180 minutes).
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Fig. 3. Effect of different catalysts on ester yield
(Reaction conditions: temperature = 40°C, oil:
methanol = 1:6, catalyst = KOH, RPM = 350,
reaction time = 120 minutes). Vertical bars indicate
SE (n = 3).
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Fig. 4. Effect of catalyst concentration (Reaction
conditions: temperature = 40°C, oil: methanol =
1:6, catalyst = KOH, RPM = 350, reaction time
= 120 minutes). Different letters (a, b) showed
difference at 5% level of significant by Duncan
Multiple Range Test (DMRT).
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Table 2. Characteristics of biodiesel produced under optimum condition in contrast with standard

value (Wagner et al.1984).

Property Unit Standard Method  Value according to Biodiesel Biodiese
standard method (PPCO) (WPCO)

Viscosity cSt at 40°C ASTM D 6751 1.9-6.0 442 4.10

Acid number mgKOH/g oil ASTM D 6751 0.50 max 0.22 0.43

Group I metals mg/kg EN 14214 5.0 max 2.70 2.70

(Na * K)

Group II metals mg/kg EN 14214 5.0 max 3.00 2.70

(Ca* Mg)

Phosphorus mg/kg EN 14214 10.0 max 4.70 2.10

content

CONCLUSION Arzamendia, G, Campoa, I, Arguifiarenaa, E,

This study has shown that waste cooking
palm oil (WPCO) may be utilized as a source
to produce biodiesel as fuel in diesel engines.
The optimum conditions for the production of
biodiesel from pure and waste palm cooking
oil has been obtained. The produced biodiesel
is of good quality within the range of standard
method specifications and the production yield is
suitable, up to approximately 99% under optimum
conditions. Additionally, this research reveals
that the production of biodiesel from waste palm
cooking oil (WPCO) and pure palm cooking
oil (PPCO) showed little significant difference.
Thus after frying, waste palm oil can be used as
recycled material and renewable energy source
produced from biomass which contributes to
better waste management.
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