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Abstract
Increased interest in development of alternative fuels used to power combustion engines is caused by excessive
use of fuels obtained from mineral sources. Depletion of resources, political aspects as well as the negative impact on
the environment are commonly discussed issues in relation to fossil fuels. On the other hand, biodegradability, lower
toxic components emissions and interchangeability with mineral fuels are commonly described benefits related to
biodiesel, interpreted as fatty acid methyl esters obtained from fatty raw material. Also the multiplicity of raw
materials that can be used for production promotes popularization of the biodiesel. However the variety of raw
materials can have significant impact on the number of physicochemical properties of alternative fuels due to the
differences in molecular structures forming given type of raw material.
The article presents analysis of properties of different types of biodiesel and its mixtures with diesel according to
the outlines presented in the quality standards for mineral and alternative fuels. Alternative fuels were produced in the
laboratory setup from swine, poultry, rape and sunflower fatty raw material. Such parameters as: density, kinematic
viscosity, flash point, acid value, oxidation stability, cold filter plugging point, sulphur content, water content and
total contamination were examined, based on the results, the quality of the biofuels was evaluated. Study confirms that
biofuels derived from plant origin fatty raw material present favorable results in the aspect water content, total
contamination, acid value and cold flow properties, thus biofuels derived from animal origin raw fatty material
presents lower density and sulphur content.
Keywords: Biodiesel quality examination, biodiesel mixtures, animal fat biodiesel, vegetable oil biodiesel,
transesterification

1. Introduction
At the current stage of technological development, the use of combustion engines as the main
source of propulsion for numerous vehicles and machines appears to be inevitable. It is therefore
important to meet the demand for fuels to power these engines. Due to the development of
industry and economic growth, the demand for fuels has been growing steadily. Currently, the
transport sector uses more than 20% of the world’s extracted energy resources to meet the demand
for energy, with diesel engines being dominant in the sector [1]. Diesel engines have established
their position inter alia due to the higher efficiency compared to spark-ignition engines. The
possibility for powering diesel engines with a wide range of fuels, including those obtained from
renewable sources, is also an argument for their continued use.
The main objective of activities related to the use of energy from renewable sources is
a decrease in the extraction of mineral fuels, which is equated with a reduction in the amount of
carbon dioxide emitted to the atmosphere. The process of switching to alternative fuels is
particularly noticeable in the automotive sector [2, 3]. To power spark-ignition engines, alternative
gaseous fuels (LPG and CNG) as well as petrol additives in the form of ethyl alcohol are used [4].
Fuels for diesel engines are supplemented with increasing amounts of biocomponents obtained
mainly from vegetable oils [3].
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The use of renewable fuels to power combustion engines enables a decrease in the use of fossil
fuels while expanding the range of energy carriers that can partially or fully replace fuels from
non-renewable sources [5, 18]. Since biofuels manufactured from plant or animal fats, obtained by
transesterification, have physico-chemical properties similar to those of diesel fuel, their use
requires no modification to either fuel systems of power units or the infrastructure associated with
fuel logistics. In addition to environmental aspects associated with the use of biofuels, the process
of converting fat raw materials into a fuel can stimulate the economy as well as justify this method
of processing raw materials where they are regarded as waste.
Physico-chemical properties describing the quality of mineral and renewable components of
the currently used fuels for diesel engines are highly convergent; however, even small differences
in particular values can have a significant impact on the fuel combustion process, and create
barriers in terms of the duration and mode of storage, or the use of fuels. It also appears that the
type of fat raw material from which a biofuel has been obtained determines a number of its
physico-chemical properties [6, 7, 19]. Therefore, in order to make full use of the potential of the
wide range of raw materials that can potentially be converted into a fuel, not only the availability
of the raw material but also specific physico-chemical features of a particular fuel need to be taken
into account.
2. Materials and methods
Currently, since plant raw materials are most commonly used in the production of biofuels,
other potential raw materials, including animal fats, are only used to a very small extent [8]. In
order to convert a fat raw material into a fuel whose physico-chemical properties meet the
requirements concerning the currently used mineral fuels, a number of methods have been
developed, of which alcohol transesterification of fatty acids is the most common [9, 10, 20].
Transesterification owes its popularity to the optimal qualitative distinguishing features of the final
product, which are similar to the properties of the currently used conventional fuels. Another
important feature of esters is the possibility of mixing them with both a mineral fuel and esters of
other fatty acids at ratios offering a compromise between the number of renewable components
and the properties of the finished fuel.
2. 1. Production of biofuels
Biofuels produced for the purposes of tests concerning this study were obtained from a singlestep transesterification reaction of a fat raw material and methyl alcohol, performed in the presence
of an alkaline catalyst at an atmospheric pressure.
Biofuels used in the tests were obtained from swine lard, poultry fat, rapeseed oil and
sunflower oil. The production of biofuels used for the tests was based on fat materials of food
quality, as the controlled quality of these raw materials had no adverse effect on the quality of the
obtained biofuels.
Biofuels were prepared by reacting 500 g of fat raw material with 100 g methyl alcohol
(approximately 6:1 molar ratio) and either 5.3 g of potassium hydroxide (respectively for swine
lard and rapeseed oil – 0.9% weight ratio) or 6.5 g of potassium hydroxide (respectively for
poultry fat and sunflower oil – 1.1% weight ratio).
Laboratory equipment used during the production as well as the method of conducting
reactions were similar to those described in the authors’ previous studies devoted to the subject
[8, 11-13].
The production process involved the supply of a previously weighed amount of a fat raw
material to the reactor to which, after the fat has reached a temperature at a level of 60°C ± 2°C,
a mixture of a catalyst dissolved in alcohol was fed. The duration of transesterification was set at
45 minutes.
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Further activities related to biofuel production involved the evaporation of excess alcohol,
precipitation and removal of the glycerol phase, solid impurities and moisture. The collection of
alcohol was carried out in a vacuum distiller through the evaporation of alcohol at a temperature
of <60°C with a rate of 1-1.5 cm3/min. The glycerol phase was separated in a separatory funnel in
which, following the addition of the post-reaction mixture, the glycerol phase settled to the bottom
of the funnel from which it was removed. The ester phase at room temperature was then filtered
two times through a filter medium on which a bed of anhydrous sodium sulphate had been placed.
The authors’ previous studies demonstrated that mixtures with equal ratios of mineral and
renewable components offered the optimal compromise between the fuel quality and the
renewable component content [8, 11, 12]. For this reason, quality testing was also carried out on
mixtures of the manufactured biofuels containing the above-mentioned ratio of components. Each
biofuel was mixed with commercial diesel fuel (DF) in 1:1 volume proportions. Swine lard methyl
esters and their mixture with DF were labeled respectively as SL100 and SL50. The same system
of labeling was used for the remaining biofuels: poultry fat methyl esters and their mixture with
DF were labeled respectively as PL100 and PL50; rapeseed oil methyl esters and their mixture
with DF were labeled respectively as RO100 and RO50; sunflower oil methyl esters and their
mixture with DF were labeled respectively as SO100 and SO50.
2. 2. Analysis of physico-chemical properties of biofuels
The obtained fuels were subjected to tests to determine their physico-chemical properties. All
assays were performed on certified equipment being in accordance with the procedures specified
in PN-EN 14214 Standard. Each parameter was determined in three replications, and the result
presented in this study is the arithmetic mean of the obtained partial results. The analyzed
parameters were: density at 15°C [kg/m3], viscosity at 40°C [mm2/s], flash point [°C], sulphur
content [mg/kg], water content [mg/kg], total contamination [mg/kg], oxidation stability [h], acid
value [mg KOH/g] and cold filter plugging point (CFPP) [°C].
The entire work related to the production and qualitative analysis of biofuels was carried out at
laboratory facilities of the Department of Mechatronics and Technical and Information
Technology Education of the University of Warmia and Mazury.
3. Results and discussion
Physico-chemical properties of fuels are an extremely important factor that determines the
possibility for using them as fuels to power combustion engines [14]. The properties for which the
limit values are specified in appropriate quality standards are, in a way, a guarantee of the proper
operation of the engine and all systems that come into contact with both the fuel and the
combustion gas. An analysis of results for physico-chemical properties of biofuels can also
identify undesirable features of the raw material or irregularities associated with the method of
their production. Finally, the results of tests for physico-chemical properties of biofuels determine
the conditions and the manner in which they can be used (in the form of either a pure fuel or
a biocomponent). Results of the analyzed physico-chemical properties are listed in Tab. 1.
The density of biofuels fell within the scope specified in standard PN-EN 14214. The biofuel
obtained from poultry fat was characterized by the lowest density (874 kg/m3), while that from
sunflower oil by the highest density (885 kg/m3). As regards the analysis of density of particular
fuels, it was observed that biofuels obtained from plant raw materials are characterized by higher
density compared to the biofuels obtained from animal raw materials. Since the density of diesel
fuel (824 kg/m3) was lower than that of biofuels, mixtures SL50, PL50, RO50 and SO50 were
characterized by lower density compared to pure biofuels, while maintaining the relationship
between the density of particular biofuels.
Viscosity of particular biofuels was 4.43 mm2/s for SL100, 4.41 mm2/s for RO100, 4.30 mm2/s
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for SO100 and 4.14 mm2/s for PL100, respectively. The addition of DF decreased the viscosity of
mixtures while maintaining the relationships between the viscosity of particular renewable
components.
Tab. 1. Physico-chemical properties of the analysed fuels and their mixtures and the permissible limits
of these values in relation to PN-EN 14214

Sample
name

Density
at 15°C
[kg/m3]

Viscosity
at 40°C
[mm2/s]

Flash
point
[°C]

Sulphur
content
[mg/kg]

Water
content
[mg/kg]

Total
contamination
[mg/kg]

Oxidation
stablility
[h]

Acid
value
[mg
KOH/g]

CFPP
[°C]

Biodiesel limits (according to PN-EN 14214)
860-900

3.5-5

> 101

<10

<500

<24

>6

<0.5

SL100

876

4.43

139

1.52

296

19

3.4

0.21

8

SL50

853

3.55

73

4.48

188

13.1

9

0.18

-1

PL100

874

4.14

140

1.9

290

19.3

3.1

0.28

-1

PL50

850

3.38

73

4.69

189

13.5

8.5

0.22

-6

RO100

881

4.41

134

3.22

190

17.4

5.8

0.16

-11

RO50

852

3.49

71

5.33

131

12.5

>11

0.16

-10

SO100

885

4.30

139

4.22

200

17.9

2.9

0.13

-11

SO50

858

3.46

74

5.9

144

12.6

7.8

0.15

-10

DF

828

2.63

59

7.4

90

7

>11

0.16

-10

The analyzed biofuels were characterized by flash point at similar levels, higher by over 30°C
than the minimum permissible value. Given that the flash point of DF was lower in relation to
biofuels, the addition of this fuel significantly decreased the flash point of all mixtures, of which
RO50 was characterized by the lowest flash point (71°C), and SO50 by the highest flash point
(74°C), flash point of both mixtures containing biofuels obtained from animal fats was 73°C
respectively.
In all analyzed biofuel samples, the determined sulphur content was below the permissible
limits, and below the value determined for DF. An analysis of this parameter revealed differences
in sulphur content compared to biofuels obtained from plant and animal raw materials. Biofuels
obtained from animal raw materials were characterized by a lower sulphur content than biofuels
obtained from vegetable raw materials.
Water content determined in a sample of diesel fuel was significantly lower than the values
determined for fuels obtained from renewable raw materials. The highest water content was
determined for the biofuel obtained from swine lard (296 mg/kg); the high water content of this
biofuel was probably due to the method of packing the fat raw material used to produce this
biofuel (swine lard used in biofuel production was packed in a wrap, while other fats were
purchased in air-tight containers limiting moisture penetration into the raw material). The water
content of the biofuel obtained from poultry fat was also high (290 mg/kg). Biofuels obtained from
plant raw materials were characterized by a lower water content than the biofuels obtained from
animal raw materials by almost 100 mg/kg. Compared to the results concerning water content of
biofuels presented in the author’s previous study [8, 11, 12], significant differences were observed
between the currently and previously presented results. It appears that this fact was affected the
most by the performance of the process of water removal involving the filtration of biofuels
through a bed of anhydrous sodium sulphate.
The total contamination of biofuels obtained from plant raw materials (17.4 mg/kg and
17.9 mg/kg, respectively for RO100 and SO100) was lower than that for biofuels obtained from
animal raw materials (19.0 mg/kg and 19.3 mg/kg respectively for SL100 and PL100).
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Nevertheless, results for all analyzed fuels met the requirements as regards the permitted amount
of solid contaminants in biofuels. Similarly to water content, the determined amounts of solid
impurities in the studies described in this article were lower compared to the previously obtained
results [8, 11 12] which suggests that complementing the biofuel production process to include
processes related to the removal of solid impurities and moisture contributed to a considerable
improvement in the quality of the final product.
It appeared that the reduction in duration of transesterification reaction tangibly contributed to
an improvement in the biofuels’ resistance to oxidation, compared to the previously obtained
results [8, 11, 12]; nevertheless, the obtained results for the biofuels’ oxidative stability still failed
to meet the requirements specified in the standard. The least favorable results were obtained for
the biofuel manufactured from sunflower oil (2.9 h for SO100). The biofuel obtained from swine
lard (3.4 h for SL100) was slightly better than the biofuel obtained from a competitive animal raw
material (3.1 h for PL100). RO100 was characterized by the highest resistance to oxidation, which
amounted to 5.75 h. The results for fuels containing renewable and mineral components were at an
acceptable level (7.8 h for SO50, 8.5 h for PL50, 9 h for SL50 and >11 h for RO50, respectively).
All analyzed fuels met the requirements as regards the acceptable acid value. A clear difference
was observed in the results between the group of biofuels obtained from animal raw materials
(0.21 mg KOH/g and 0.28 mg KOH/g for SL100 and PL100, respectively) and plant raw materials
(0.16 mg KOH/g and 0.13 mg KOH/g for RO100 and SO100, respectively). As the acid value for
DF was 0.16 mg KOH/g in mixtures of SL50 and PL50, a decrease was observed in the acid value
to a level of 0.18 mg KOH/g and 0.22 mg KOH/g, respectively.
Low-temperature properties of fuels are an extremely significant criterion in terms of the
possibilities and methods of their use. The classification of alternative fuels in terms of lowtemperature properties is presented in Tab. 2 [15, 16].
Tab. 2. Requirements for biofuels used as pure fuels or as components of diesel fuel

Biofuel used as fuel
Biofuel used as biocomponent
Temperate climate
Arctic climate
Type CFPP max [°C] Class CFPP max [°C] Type
CFPP max [°C]
A
5
0
-20
A
13
B
0
1
-26
B
10
C
-5
2
-32
C
5
D
-10
3
-38
D
0
E
-15
4
-44
F
-20
-

Biofuels obtained from plant raw materials were characterized by significantly better lowtemperature properties (-11°C for RO100 and SO100), compared to the results obtained for
biofuels manufactured from animal raw materials (-1°C and 8°C for PL100 and SL100,
respectively). According to the information provided in Tab. 2, RO100 and SO100 can be
classified as type D, while PL100 as type B, where biofuels are intended to be used to power
engines in a pure form in temperate climates.
Biofuel obtained from swine lard, whose cold filter plugging point was determined at a level of
+8°C, exhibited the least favorable low-temperature properties, which excludes the SL100 from
the possibility for using it as a pure fuel; however, it classifies the fuel as type B where it is used as
a biocomponent. Low-temperature properties of biofuels are significantly affected by the
percentage content of particular fatty acids forming molecules of particular fats; in this context, the
used plant raw materials had a more favorable composition compared to fats obtained from animal
raw materials [17].
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5. Conclusions
During the course of the study it was confirmed that biofuels manufactured from fat materials
belonging to various groups (plant and animal raw materials) are characterized by high
convergence of obtained results. However, biofuels obtained from animal raw materials were
characterized by significantly lower density and sulphur content. In turn, such biofuel parameters
as water content, total contamination, acid value and cold flow properties favored biofuels
obtained from plant raw materials.
The reduction in the duration of transesterification and the decrease in temperature in the
process of post-reaction alcohol removal resulted in an improvement in the resistance to oxidation
of biofuels, compared to the results presented in the authors’ previous studies [8, 11, 12].
Nevertheless, none of the analyzed biofuels met the requirements as regards the minimum
resistance to oxidation. However, the addition of diesel fuel (a mineral fuel containing 7%
biocomponents and antioxidant substances) significantly improved this parameter.
As regards the cold flow properties, both biofuels obtained from plant raw materials and that
obtained from poultry fat were suitable for powering a compression ignition engine in a pure form.
The fuel obtained from swine lard can only be used as an admixture to diesel fuel. However, it
should be noted that the share of this biocomponent will significantly affect the cold filter
plugging point of the obtained fuel mixture.
Very low sulphur content determined in biofuels obtained from animal raw materials may
effectively translate into an extension of the duration of the failure-free operation of parts of
exhaust systems used in modern engines (which are very sensitive to the presence of sulphur
compounds in exhaust gasses) and may also result in lower emissions of sulphur compounds to the
atmosphere.
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