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Abstract. Biodiesel is an alternative diesel fuel defined as the mono-alkyl esters of vegetable oils or animal fats 
which can fulfill energy security needs without sacrificing engine’s operational performance. In this paper the 
relationship between the chemical structure and physical properties of biodiesel esters is analyzed and compared 
with conventional diesel fuel. The biodiesel were made using different oils and sodium hydroxide as catalyst in 
laboratory scale. The physico-chemical properties assessed includes, density, flash point, kinematic viscosity and 
calorific value.   
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1. INTRODUCTION 

Vegetable oils are among the various sources of 
energy fuels being considered as alternatives to fossil 
fuels. Rapeseed, soybean, sunflower, coconut and 
palm oils have been the main raw materials for bio-
diesel production. However, these oils are required 
in refined forms to obtain quality biodiesel and, in 
addition; they are foodstuffs [1]. Petroleum diesel, 
also called petrodiesel or fossil diesel is produced 
from the fractional distillation of crude oil between 
200°C (392°F) and 350°C (662°F) at atmospheric 
pressure resulting in a mixture of carbon chains that 
typically contains between 8 and 21 carbon atoms 
per molecule [2]. Quality standards are prerequisites 
for the commercial use of any fuel product. Since 
the implementation of the European standard speci-
fication EN 14214 in 2004, a standardized definition 
for biodiesel has been agreed as fatty acid methyl 
esters (FAME) from any kind of feedstock, including 
recycled frying oils, under fulfilling the given quality 
specifications. Thus, biodiesel produced from re-
cycled frying oils has the same possibilities to be 
utilized. The new process technologies developed 
during the last years made it possible to produce 
biodiesel from recycled frying oils comparable in 
quality to that of virgin vegetable oil biodiesel with 
an added attractive advantage of being lower in 
price [3,4,5].  

The major biodiesel advantage relative to diesel 
fuel is its renewability. Life-cycle analyses have 
shown that the source-to-wheel CO2 emissions 
from neat biodiesel combustion account for at least 
60% savings with respect to petroleum diesel fuel, 

whereas for the most popular B20 blend it is of the 
order of 15−20% [6]. To this aim, the European 
Parliament has passed Directive 2009/28/EC [7] on 
the promotion of the use of energy from renewable 
sources that contains a specific mandate for Member 
States to include 10% (by energy content) of re-
newable fuel in the transport sector by 2020. The 
properties of the various individual fatty esters that 
comprise biodiesel determine the overall properties 
of the biodiesel fuel. In turn, the properties of the 
various fatty esters are determined by the structural 
features of the fatty acid and the alcohol moieties 
that comprise a fatty ester. Structural features that 
influence the physical fuel properties of a fatty ester 
molecule include chain length, degree of unsaturation 
and branching of the chain. Important fuel properties 
of biodiesel that are influenced by the fatty acid 
profile and, in turn, by the structural features of the 
various fatty esters include ignition quality, heat of 
combustion, cold flow, oxidative stability, exhaust 
emissions, viscosity and lubricity [8].  

Density is one of the most important properties of 
fuels, because injection systems, pumps and injectors 
must deliver the amount of fuel precisely adjusted to 
provide proper combustion. The spray characteristics 
upon injection have been closely related to NOx 
content in the exhausts; it depends on the exhausts 
temperature and on the heat capacity of fuel [9]. 
Flash point is specified in biodiesel to serves as a 
restriction of the amount of alcohol in biodiesel for 
safety measures in transportation and storage. It is 
also a biodiesel quality related to the fatty acid struc-
ture. Flash point can be adjusted through blending 
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biodiesel with petro-diesel in appropriate proportions. 
Blends of 20% biodiesel to 80% petro-diesel (B20) 
have been recommended by various researchers 
[10, 11, 12]. Density is specified in several standards 
and the purpose is to exclude unrelated materials 
from being used as biodiesel feedstock [13]. It is also 
used in the determination of the viscosity of bio-
diesel. Calorific value or heat of combustion of plant 
oils that are commonly used as raw materials for bio-
diesel production varies from 5443 to 14654 kJ/kg. 
This is within the range of that of hexadecane, also 
known as Cetane (10714 kJ/mole), which is used as a 
reference standard material for the determination of 
the ignition quality of petro-diesel [14, 15]. 

2. METHODS AND MATERIALS 

Various type of biodiesel was produced using 
an installation with a capacity of 30 L per batch. In 
the experiments was used a base catalyst, NaOH with 
a purity of 99% purchased from S.C. Laborex Roma-
nia. The quantity of catalyst used was measured with 
a precision balance model PGW 153e. The system 
was maintained at atmospheric pressure and the 
experiments were carried out at constant temperature. 
The agitation was kept constant at 400 rpm. The 
reaction time was of 30 minutes. The biodiesel 
conversion was above 90 wt.%. The biodiesel blends 
were made on a volume basis and stored in glass 
bottles at room temperature. The biodiesel blends 
properties were compared with European biodiesel 
standard summarized in the table below. 
 

Table 1. European biodiesel standard (EN 14214) 

Property Test method Limits Unit 

min max 

Ester content EN 14103 96.5 – % (m/m)

Density at 
15°C 

EN ISO 3675, 
EN ISO 12185 

860 900 kg/m3

Viscosity at 
40°C 

EN ISO 3104, 
ISO 3105 

3.5 5.0 mm2/s 

Flash point EN ISO 3679 120 – °C 

Sulphur 
content 

EN ISO 20846, 
EN ISO 20884 

– 10.0 mg/kg 

Cetane 
number 

EN ISO 5165 5 1 – – 

3. RESULTS AND DISCUSSION 

Density is a key fuel property, which directly 
affects the fuel performance, as some of the engine 
properties, such as cetane number, heating value 
and viscosity of biodiesel. The density of the fuel 
also affects the quality of atomization and com-
bustion. 

 
 

Fig. 1. Density of different blends of biodiesel  
and fossil diesel. 

 

Fuel density affects the mass of fuel injected into 
the combustion chamber and thus, the air-fuel ratio. 
This is because fuel injection pumps meter fuel by 
volume not by mass and a denser fuel contains a 
greater mass in the same volume. Densities of bio-
diesel fuels are generally higher than those of 
petrodiesel and are dependent on fatty acid com-
position and purity. Since density is strongly in-
fluenced by temperature, the quality standards state 
the determination of density at 15°C. Density limits 
in the European EN norm are in the range of 860-
900 kg/m³. All the samples of pure biodiesel are in 
the limits of EN 14214 standard. The densities of 
the biodiesel blend increases with the increases of 
biodiesel in the blend (Fig. 1). Contamination of the 
biodiesel significantly affects its density; therefore 
density can also be an indicator of contamination in 
the fuel. The flash point is the minimum tempera-
ture calculated to a barometric pressure of 101.3 kPa 
at which the fuel will ignite (flash) on application of 
an ignition source under specified conditions. Flash 
point helps to monitor the safe handling and storage 
of fuel. The flash point does not affect the 
combustion directly; flash point varies inversely 
with the fuel’s volatility. For biodiesel the minimum 
flash point is 93°C in the United States, 100°C in 
Brazil and 120°C in Europe. The flash point in-
dicates the residual alcohol present in biodiesel 
samples. For example, the presence of 0.5% 
methanol in biodiesel reduces biodiesel flash point 
from 170°C to 50°C. All the biodiesel probes have a 
flash point over 120 °C with a highest flash point of 
175°C at biodiesel of rapeseed (Fig. 2). 

Kinematic viscosity at 40°C is the parameter 
required by biodiesel and petrodiesel standards. In 
a diesel engine, the liquid fuel is sprayed into 
compressed air and atomized into small drops near 
to the nozzle exit. The liquid fuel, usually, forms a 
cone shaped spray at the nozzle exit and its viscosity 
affects the atomization quality, size of fuel drop 
and penetration. The viscosity of the fuel increases 
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with chain length (number of carbon atoms). Fuels 
with high viscosity tend to form larger droplets on 
injection which can cause poor fuel atomization 
during the spray, increases the engine deposits, 
needs more energy to pump the fuel and wears fuel 
pump elements and injectors. According to the 
Fig. 3 the biodiesel of palm oil have a viscosity of 
6.5 mm2/s, higher compared to European biodiesel 
standard norms. The best results are obtained in the 
case of rapeseed blends with a value of 4.64 mm2/s 
of pure biodiesel of rapeseed. 

Different blends of biodiesel and conventional 
diesel were prepared and the calorific value of each 
sample was determined with the help of Bomb Ca-
lorimeter. Biodiesel fuels do not contain aromatics, 
but they contain methyl esters with different levels 
of saturation. Unsaturated esters have lower energy 
content on a weight basis, but due to their higher 
density, they have more energy per unit volume.  
 

 
 

Fig. 2. Flash point of different blends of biodiesel  
and fossil diesel. 

 
 

Fig. 3. Kinematic viscosity of different blends of biodiesel  
and fossil diesel. 

 
The higher heating value (HHV) is an important 

property defining the energy content and thereby 
efficiency of fuels, such as vegetable oils and bio-
diesels. The HHV of biodiesel is approximately 10% 
less than that of petrodiesel. The higher heating value 
of a fuel increases with increasing carbon number 
in fuel molecules and also increases as the ratio of 
carbon and hydrogen to oxygen and nitrogen in-
creases studied the correlation between viscosity 
and higher heating value. Higher heating value 
(HHV) and composition of biomass are important 
properties which define the energy content and 
determine the clean and efficient use of these fuels.  
There exists a variety of correlations for predicting 
HHV from ultimate analysis of fuels. Energy content 
is an important indication of the suitability of a 
fuel. The biodiesel of rapeseed and fish oil have 
the best energy content (Fig. 4). 
 

 
 

Fig. 4. Calorific value of different blends of biodiesel and fossil diesel. 
 

4. CONCLUSION 

This study has shown that most of the properties 
evaluated for the biodiesel conform to the EN 
standard values. An adequate and constant quality of 
biodiesels can only be assured by respecting the 
biodiesel quality standards. The physicochemical 
properties of biodiesels are strongly influenced by 
the nature and the composition of the oils used in 
their production. It could be concluded from this 

study that the biodiesel blends can be a potential 
replacement for fossil diesel. 
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