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Abstract: To dispose used cooking oil is not environment friendly. However, recycled waste cooking oil is also harmful for 
health. To reproduce it into biodiesel will be one of the best solutions for that. The main aim of this present paper is to 
produce biodiesel from waste cooking oil. The biodiesel was prepared from waste cooking oil. ASTM standard methods 
were used to characterize physical properties of biodiesel. The composition of final biodiesel was determined by taking 
considerations of physical properties such as density, viscosity, flash point, water content and calorific value. From the tests, 
the flash point temperature was obtained as 97◦C, water content was 0.01% of biodiesel, viscosity at 40◦C was 5.69 mm2/sec, 
density 880 kg /m3 and calorific value of 39712kJ/kg. 
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I. INTRODUCTION 
 
Energy has always been the foremost important 
resource upon which humans have relied for survival 
and productive activities. Industrialization and 
technological advancement of modern society have 
also been possible through the effective use of 
energy. There is a need to develop alternative fuels 
like biodiesel for preventing the environment.  
 
Diesel fuel is largely utilized in the transport, 
agriculture, commercial, domestic, and industrial 
sectors for the generation of power/ mechanical 
energy, and the substitution of even a small fraction 
of total consumption by alternative fuels will have a 
significant impact on the economy and the 
environment. So, the biodiesel obtained from 
vegetable oils will be the best choice as an eco-
friendly alternative to diesel fuel.  
 
Amongst the studies for other means of providing 
sustainable energy is biodiesel, which is a branch of 
Biofuels and has become an essential alternative for 
liquid fuels. The use of the Biofuels like bioethanol, 
biogas, hydrogen, animal fat, vegetable oil and 
biodiesel in internal combustion engines is 
significant.  
 
Among this, biodiesels have received increasing 
attention as an alternative fuel because they can be 
employed in diesel engines without needing 
modification. Furthermore, fuel properties of 
biodiesel are almost similar to diesel fuel. Raw 
rapeseed oil as an alternative fuel for diesel engines 
was the first studied [1]. The results show that the 
damage has been done to engines because of the 
formation of the ashes in the combustion chamber. 
Study shows that there exist effective solutions for 
adaptability of engines to use rapeseed oil as a fuel is 
available [2, 3].  
 

By increasing the temperature of vegetable oil, 
reduced viscosity of vegetable oil can be used in 
diesel engines [4, 5]. To reduce the viscosity of 
vegetable oil, another possible solution is the 
esterification reaction [6, 7]. Diesel engines operated 
on biodiesel have lower emissions of carbon 
monoxide, unburned hydrocarbons, particulate 
matter, and air toxics than when operated on 
petroleum-based diesel fuel [8]. 
 
Blending, pyrolysis and emulsification process does 
not solve the complete problem of improvement of 
viscosity [9]. Mustafa Canakci,[11] and Monyem A 
[11] shown that transesterification process is one way 
to improve fuel properties of oils. Transesterification 
is a process of converting vegetable oil into biodiesel 
fuel. This process supplies a fuel that can be operated 
in unmodified diesel engines [12]. 
 
The present paper is an attempt to produce the 
biodiesel by using waste cooking oils, the processes 
available, fuel characteristics and performance 
analysis of biodiesel production. 

 
II. BIODIESEL PRODUCTION  
 
For the production of biodiesel, the different steps, 
processes used are shown in Fig. 1. The first process 
is to determine acid value from free fatty acid.  
Second process is drying to remove water and 
methanol. 
 
2.1. Waste cooking oil 
 
Waste cooking oil (shown in fig. 2) was collected 
from a local restaurant in Gandhinagar, which 
produced continental foods. The used oil sample was 
taken from the fryer which is used for frying potatoes 
and other vegetables based food items. Waste 
cooking oil is then kept in microwave oven for 15 
minutes at 80◦C for preheating. 
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Fig.1. Flow chart of biodiesel production 

 

 
Fig.2. WCO and Biodiesel 

 
2.2. Free Fatty Acids 
 
Fig. 1 shows the relation between FFA and biodiesel 
production process. If FFA content is less than 2%, 
then process has to be started directly with 
transesterification process. If FFA is more than 2% so 
esterification process is to be done to reduce FFA 
content. FFA content in our collected Waste Cooking 
Oil was found to be 1.95%. So we can go for 
transesterification process directly. Fig. 3 shows the 
equipment to measure FFA content. 

 
Fig.3. Equipment of Autotitrator to measure FFA content 

2.3 Transesterification 
 
To reduce viscosity in biodiesel, transesterification 
process needs to be done. This process can be directly 
if FFA less than 2% show in fig. 1. Potassium 
hydroxide was used as catalyst in this process. Firstly, 
2 grams of KOH pellets were dissolved in 50 ml 
methanol. Then the mixture is added in waste 
cooking oil before being stirring. A stainless steel 
stirrer comprising of ultrasonic generator was used to 
agitate the mixture. The reaction was kept at a desired 
temperature of 60C for 15 min as shown in figure 4. 
The molar ratio of methanol and WCO was taken 6:1 
while the amount of KOH catalyst was 1 wt% of the 
WCO. After this process, solvents would become 
murky. 

 
Fig.4. Ultrasonic Probe type Reactor VCX 500 Micro Processor 

for Transesterification process 
 
2.4 Separation 
 
After Ultrasonic stirring, resultant mixture was left to 
lie for at least 8 hours in separating funnel (Fig. 5). 
Separations were used to separate the top and the 
bottom layers due to the density difference between 
them. The methyl ester layer was located at top and 
glycerol, extra methanol and undesired products were 
in the lower layer and were removed. 
 

 
Fig.5. Glycerol separator 

 
2.5 Washing 
 
After separated from the glycerin, the biodiesel is 
purified by washing as shown in figure 6. To remove 
residual catalyst from biodiesel washing needs to be 
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done. With a small amount of hot water, the ester 
layer was washed several times. 

 
Fig.6. Washing of biodiesel 

 
2.6 Drying  
The ester was then dried in the microwave oven to 
remove the moisture because of washing (as shown in 
Fig. 7). 

 
Fig.7. Drying process in microwave oven 

 
Fig. 2 shows the final biodiesel product.  
 

PHYSICAL PROPERTIES OF BIODIESEL 
 
Standard of biodiesel is to be decided by its physical 
properties. Density, viscosity, flash point, acid, water 
content and calorific value are the properties to check 
biodiesel. 
 
3.1 Density 
 
According to ASTM standard norm EN ISO 3675, 
the density of the biodiesel should be in the range of 
860-900 kg/m3. Density of B100 biodiesel was found 
to be 880 kg/m3 which is in the permissible limit. 
  
3.2 Viscosity 

 
Fig.8 is the equipment (Brookfield Viscometer) for 
testing kinematic viscosity and standard method for 
kinematic viscosity as per ASTM D 445 at 40◦C 
should be in the range of 1.9 – 6.0 mm2/s. Kinematic 

viscosity of B100 biodiesel was found to be 
5.69mm2/s. 

 
Fig.8. Equipment for Viscosity measurement 

 
3.3 Flash point 
 
Fig.9 is the equipment (Pensky-Martens Flash point 
Tester: PMA 5) to measure the flash point. As per the 
standard method ASTM D93, minimum flash point 
temperature of the biodiesel should be 93◦C. Flash 
point for B100 was found to be 97◦C. 
 
3.4 Water content 

  
Fig.5 is the equipment (Karl Fischer) to measure the 
water content in biodiesel after transesterification 
process. As per the standard method ASTM D2709, 
water content should not exceed 0.05 % of biodiesel. 
In B100 water content was found to be 0.01 %. 

 
Fig.9. Equipment for Flash point measurement 

 
3.5 Calorific value 
 
Bomb calorimeter was used to calculate the calorific 
value as shown in Fig.10 and standard method for 
calorific value is ASTM D 2015. Calorific value of 
B100 biodiesel was found to be 39712kJ/kg. 
 

 
Fig.10. Equipment of Bomb calorimeter 
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CONCLUSIONS 
 
The biodiesel was prepared from waste cooking oil 
sample collected from a local restaurant in 
Gandhinagar, India. ASTM standard methods were 
used to characterize physical properties of biodiesel. 
The composition of final biodiesel was determined by 
taking considerations of physical properties such as 
density, viscosity, flash point and water content. 
From the tests, the flash point temperature was 
obtained as 97C, water content was 0.01% of 
biodiesel, and viscosity at 40C was 5.69 mm2/sec, 
density 880 kg /m3 and calorific value of 39719 
kj/kg. All the measured properties met the ASTM 
criteria for fuel standard. It is harmful to use recycled 
waste cooking oil and due to stringent norms, it is 
advised not to dispose WCO directly to environment 
without proper treatment. Moreover, considering 
economical point of view it is much cheaper to 
convert WCO into biodiesel than to extract diesel 
from petroleum through conventional refining 
process. Considering all these factors, it is preferable 
to use biodiesel as substitute for diesel engines.  
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