
Международна научна конференция “УНИТЕХ’10” – Габрово III-574

‘

10
 

INTERNATIONAL  SCIENTIFIC  CONFERENCE 
19 – 20 November 2010, GABROVO 

 

 
THE PLACE OF FREE FATTY ACIDS AND WATER IN BIODIESEL 

PRODUCTION PROCESS FROM WASTE OILS 
 

Mehmet AKÇAY 
Department of Mechanical Education, Technical Education Faculty, Pamukkale University, 

Denizli, Turkey 
 

Yakup SEKMEN     İlker Turgut YILMAZ 
Department of Automotive Engineering,          Automotive Programme, 
Engineering Faculty, Karabük Üniversitesi,   Vocational Collage of Luleburgaz 

Karabük, Türkiye     Kırklareli University, Kırklareli, Turkiye 
 

Mustafa GÖLCÜ     Hilmi YAZICI 

Department of Mechanical Education  Department of Mechanical Education 
Technical Education Faculty,    Technical Education Faculty, 

Pamukkale University, Denizli, Turkey  Pamukkale University, Denizli, Turkey 

 
Abstract 

Biodiesel is a fuel that used in diesel engines produced from various renewable resources (plant, animal fats, waste 
oils, algae, etc.) and has high potential to be an alternative to standard diesel fuel. Using waste oils which cause 
significant damages when they are poured to environment should be preferred rather than using edible oils as a raw 
material in biodiesel production. This situation has a great importance for lowering the cost of biodiesel production, 
protecting of edible oil source and minimizing damages of waste oils on environment. In this study, importance of used 
vegetable and animal oils which is specified to be waste oil was evaluated in terms of environment and biodiesel 
production costs. In addition, it was investigated that, the effect of free fatty acids of waste oils (FFA) and water to the 
biodiesel production process in the literature. 
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INTRODUCTION 

     The facts of dependence to petroleum based 
fuels increasing rapidly due to rising number 
of the motor vehicles in the world of late 
years, environmental damages caused by these 
fuels and run out of sources, are canalized researcher 
to search alternative fuel sources. Recently, it 
is given point to biodiesel momentously obtained 
from renewable sources and it is seen an 
alternative to diesel fuel [1-7].  

     Biodiesel can be getting from renewable 
sources as animal fats, vegetable oils and used 
waste oils. But using the edible oil for produ-
cing biodiesel causes rising prices comparing 
to diesel fuel [8,9]. Biodiesel production costs 
consist of %84 raw materials, %7 chemicals, 
%4 using water and electricity and %5 fixed 
outgoings [10]. It is seen that, raw materials 
have an important place in biodiesel production 

costs. Using non edible and waste oils which 
are harmful for health, in producing biodiesel 
make considerable decreases at production costs. 
Besides of that, for countries like Turkey 
which production of fatty seed plants is limited 
and which provide oil needs from importation, 
using edible oils for biodiesel production is 
caused an increase at edible oil needs [8,9]. 
     In this study, it is examined that effect of 
free fatty acids and water to biodiesel pro-
duction process with literature is scrutinized. 
 

RECYCLING OF WASTE OIL AS AN 
ALTERNATIVE FUEL IN DIESEL 
ENGINES  
     Nowadays, the most important problem of 
the biodiesel production is costs. Using of edible 
oils for raw material in biodiesel process causes 
an increase at costs compared to diesel fuel [8-
10]. Therefore, when an eye is given to last 
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studies it is seen that there is a tendency to oils 
which are waste and have low prices, are used 
as raw materials [11-20].  
 

     It is estimated that about 3,2x104 tons 
biodiesel is only produced from animal fats in 
USA in 2002 [21].  
 

     In Turkey, it is about 350 thousands tons 
animal and vegetable waste oils are occurred 
in a year. Recovering with these waste oils, 
about 35 thousands tons biodiesel and glycerin 
are gained a year. About 3500 thousand tons 
soaps are produced from glycerin which is 
obtained from biodiesel process and with bio-
diesel it is contributed to economy about 480 
million Turkish Liras in a year [8,22,23]. With 
using these waste oils in biodiesel production 
it is reported that 900 thousand tons green-
house gases (CO2) which are thrown to atmo-
sphere, can be reduced [8]. 
 

     Turkey’s diesel fuel consumption was about 
12 680 018 tons in 2006 [24]. Biodiesel pro-
duction with waste oil is so small near diesel 
fuel needs can be engrossed. But using waste 
oils in biodiesel production, especially water 
sources and water quality are protected. Living 
conditions of the posterities is considered, it is 
expressed that situation carries weight [25]. 
 
BIODIESEL PRODUCTION FROM 
WASTE OILS 
     Some features of vegetable and animal fats 
are developed for using them in diesel engines. 
With this aim, methods which are used are 
dilution, microemulsion, proliz and transesteri-
fication. Today the most preferred method is 
transesterification method [26-28]. 
 

     Oils which are used in process of producing 
biodiesel with transesterification method are 
reacted with a reasonable alcohol (for example 
ethanol, methanol, butanol etc.) chemically [21,29,30]. 
To accelerate the reaction basic (alkali) (NaOH, 
KOH), acidic (H2SO4, HCl) or enzyme (biolo-
gical) can be used [21,24,29,31]. New chemi-
cal compounds are form at the end of the re-
action and they are named methyl esters. 
These esters which are obtained are known as 
biodiesels [29]. In general biodiesel is an alter-
native diesel fuel which is obtained renewable 
oils as vegetable, animal and used waste oils 
[8,29,32]. Bio word indicates to renewable and 

biological fuel, diesel word indicates to avai-
lable in diesel engines [21,33]. 
 

     In transesterification reactions, alkali cata-
lyzers are more referred to acidic catalyzers 
because alkali catalyzers have high reaction 
speed (about 10-15 times, require low alcohol, 
have high ester transformation attainability at 
room temperature, have low corrosion risk, etc 
[8,29,34].  
 

     It is stated that free fatty acids and water 
contents of oil which is used as raw material, 
have an important role in transesterification 
process [35]. If reaction medium has water and 
oil’s free fatty acid level is high it is not 
possible using alkali catalyzer [8,33]. For this 
reason before passing to biodiesel production 
process with transesterification method, oil’s 
features should be analyzed. In figure 1 it is 
seen that the effects of free fatty acid and 
water on transesterification of beef tallow.  
 

 
 

Figure 1. The effects of free fatty acid and water 
on transesterification of beef tallow [35] 

 
     Existence of water has more negative effect 
than existence of free fatty acid in transesteri-
fication process. High rate of water which is in 
oils is caused to saponified of reaction an de-
creases activity of catalyzer. Thus before pa-
ssing to reaction process water content of oil is 
determined and oil is heated to 100-110 oC to 
provide water evaporates [12,33,36,37]. In fi-
gure 1 it is seen that while water proportion is 
increasing beef tallow methyl ester (BTME) 
proportion is decreasing in beef tallow transes-
terification reaction. 
 

     The another negative factor in transesterifi-
cation process is reaction isn’t occurred com-
pletely due to alkali catalyzers  
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reacted with oils which are including free fatty 
acids at high rates. Oil which has high rate free 
fatty acid content has a negative effect on 
reaction like water. Water caused to saponify 
during reaction and soap which is done decrea-
ses reaction efficiency because soap compli-
cates decomposition process of biodiesel with 
glycerin and wash water [14,37,38]. In figure 1 
it is seen that while free fatty acid proportion 
of oil is increasing beef tallow methyl ester 
proportion is decreasing in beef tallow transes-
terification reaction. In figure 2 it is seen that 
oil which has high rate free fatty acid content 
reacted with alkali catalyzer and formation of 
soap. 
 

 
 

Figure 2. Formation of soap [29] 
 
     According to studies which are done by re-
searchers, free fatty acid level of oil must be 
about under %1 (2 mg KOH/g) to carry out tran-
sesterification reactions with alkali catalyzer 
[39,40,41,42]. Otherwise free fatty acid level 
of oil must be decreased doing pre-curing with 
acidic catalyzer [7,8]. In this instance, with using 
acidic catalyzers (H2SO4 or HCI) instead of 
alkali catalyzers, free fatty acids turn into mo-
noesters and free fatty acid level of oil is de-
creased [7,8,29,43]. In figure 3 pre-curing reaction 
is seen. 
 

 
 

Figure 3. Pre-curing reaction [8,29] 
 
     The unit which is used for decreasing acid 
level at the first stage of the reaction is called 
pre-process unit and the unit which is used for 
producing biodiesel is called main process unit 
[8,26,38]. After free fatty acid levels of vegetable 
and animal oils are decreased to normal levels 
(%1) and water is removed from medium, it is 
turn to come transesterification reaction which 
is main process, with alkali catalyzer. As alcohol 

and catalyzer proportions are determined in 
transesterification reaction, triglyceride proportion 
which doesn’t reach is considered [8]. Firstly 
experiments which are on a small scale are 
done more than one for determining optimum 
conditions and mixture rates of reaction and it 
is taught more helpful that on a large scale 
production is made with knowledge which is 
obtained these experiments.  
 
CONCLUSION 

     About 350 thousands tons waste oils which 
are based on vegetable and animal fats are approved 
in a year in Turkey. Pouring these waste oils to 
sewerage causes important damages. As a result 
of using waste oils as a raw material for bio-
diesel producing, damages on environment and 
biodiesel production costs are decreased to mi-
nimum.  
 

     Transesterification reaction which is done 
with acid catayled is slower than done with al-
kali catalyzed. 
 

     The efficiency of ester transformation in 
biodiesel production process is affected impor-
tantly by free fatty acid and water. Higher free 
fatty acid content causes to saponification and 
water and embarrasses ester transformation. 
 

     All at of methods can be used for biodiesel 
production. The most used method is transes-
terification method in all methods.  
 

     The potential of vegetable and animal waste 
oil is determined over country to use them in 
biodiesel production and this process is encou-
raged by government.    

     It must be taken heed of using waste oils in 
biodiesel production process instead of edible 
oils and given weight to developing biodiesel 
production process. 
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