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Abstract. Ecological approach to transport including the fuel which is used 

in combustion engines involves a necessity of  alternative solution 

application. The study shows  test result analysis of the amount of exhaust 

gases affecting natural environment. The tests were performed for a 81W 

self-ignition engine with a direct fuel injection. The experiment was 

conducted for a fuel mixture containing  70% of diesel oil  30% of fatty acid 

methyl esters. The results regarding concentration of fuel components 

obtained for the analyzed mixture were compared with the results obtained 

for a diesel oil without fatty acid  methyl esters. Based on the analysis, it can 

be said that 30% additive of fatty acid methyl esters to diesel oil is not 

enough to decrease the amount of harmful substance emission to the 

atmosphere by a power unit.  

1 Introduction 

Petroleum which a mixture of carbohydrates, carboxylic acids, thioalcohols, heterocyclic 

nitric compounds, phenols, thiophen derivatives, resins and metalorganic compounds 

undergoes constant technological modifications for purification and separation of chemical 

compounds and their refinement [1]. Diesel oil which is injected by means of the power 

supply system to the engine combustion chamber must be characterized by such properties 

as: density, viscosity, water content, low temperature properties, volatility, calorific 

properties and octane number [2]. The fuel used in self ignition engines must quickly 

evaporate and mix with the air forming a mixture ready to self-ignite due to a short time of  

the mixture preparation. [3]. Biodiesel is an alternative to oil derived fuels. It is produced 

from renewable resources and considered to be an alternative fuel for self-ignition engines. 

Biodiesel is a biodegradable and non-toxic fuel and its application significantly decreases 

emission of harmful substances into the atmosphere. It can be used everywhere diesel oil is 

used. [4]. Mixtures of pure fatty acid methyl esters FAME with a diesel referred to as 

biodiesel are supposed to provide the engine with good conditions of operation. It needs to 

 
* Corresponding author: marmar000@pbs.edu.pl 

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons 
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).

MATEC Web of Conferences 351, 01020 (2021) 
20th International Conference Diagnostics of Machines and Vehicles

 https://doi.org/10.1051/matecconf/202135101020

mailto:marmar000@pbs.edu.pl


 

be noted, however, that application of biodiesel causes a 20%  increase in the content of nitric 

oxide to be released to the atmosphere [5].  

 In 2016 emission of toxic substances into the environment caused by the European Union 

transportation increased by 0.7% as compared to earlier years. In Poland, the emission 

increased by 1.6% as compared to the previous year. The share of CO2 emission in member 

states of the EU in 2016 is presented in figure 1.  

 

 

Fig. 1. Share of CO2 emission in the EU countries in 2016  [6]. 

The powertrain of motor vehicles is a piston combustion engine where chemical energy 

is converted into mechanical energy. Combustion engines are usually powered with 

hydrocarbon fuels whose burning involves rapid oxidation. Combustion of fuels is 

accompanied with formation of chemical compounds in the exhaust gases which can be 

divided into toxic and nontoxic. Toxic components include: carbon oxide, hydrocarbons, 

nitric oxides, soot, sulfur oxides, lead compounds whereas nontoxic  fuel components 

include: carbon dioxide, water vapor, oxygen and nitrogen. Self-ignition engine provides 

power to 5 million vehicles registered in Poland, including passenger cars and heavy duty 

vehicles. The number of criteria to be used for self-ignition engine fueling, makes it difficult 

to select the best concept for fueling this type of engines. Literature also provides examples 

of parameter analyses for other transport means [7].  

Tests of the major performance parameters of self-ignition engines fueled with plant oil 

or a mixture of a plant oil  with diesel oil are conducted in many domestic and foreign 

research centers. Analyses of tests found in literature  are concerned with application of plant 

oil as an engine fuel  [8, 9, 10, 11]. Literature provides an array of fuel consumption tests, 

whose authors report an increase in fuel demand when self-ignition engines are fueled with 

mixtures of diesel oil and fatty acid methyl esters. [12, 13, 14, 15]. Fuel combustion increases 

by app. 18% as compared to pure diesel oil for application of 35% fatty acid methyl ester 

additive  [16]. Application of fatty acid methyl esters in combustion engines causes reduction 

in toxic pollution emissions, such as carbon oxides, hydrocarbons and solid particles [17, 18, 

19, 20, 21, 22, 23, 24, 25, 26, 27, 28]. Nitric oxides are an exception as their amount  increases 

by several percent as compared to pure diesel oil [29]. 

The aim  of this  study is to verify the amount of fuel components of a given power unit 

which was fueled with a mixture of diesel oil and fatty acid methyl esters. The tests were 
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conducted for verification of the possibilities of improving the performance parameter values 

of these units when using an alternative fuel. Literature provides different methods for 

transport system functioning assessment [30, 31, 32].  

2 Test material and methodology 

The tests involved assessment of performance parameter values  of a power unit fueled with 

diesel oil  and  fatty acid methyl ester additives. Apart from diesel oil, the material used for 

the tests was a plant oil subjected to transesterification, that is, an exchange of glycerine 

chemically bonded in a triacyloglicerole particle for added methyl alcohol in the presence of 

an alkaline or acidic catalyst, which are commonly referred to as a biocomponent. Figure 2 

shows a mixture composed of  70% of diesel oil and 30% of fatty acid methyl esters which 

was used for the tests. In literature there are examples of physicochemical tests of a working 

fluid including the analyzed fuel [33]. 

 

Fig. 2. Mixture of  70%  diesel oil and 30%  fatty acid methyl esters . 

The research object was a self-ignition engine used in car transportation means. The 

power unit was selected due to the fact that it is commonly used in car transportation. The 

test  engine was a self-ignition engine of maximal power  81 kW. This engine is characterized 

by Common Rail direct fuel injection with electromagnetic injectors. The tested engine is 

presented in figure 3. The power unit collaborates with a  two mass flywheel and a turbo 

charger of variable blade geometry which is used to improve the engine performance. The 

engine was equipped with a solid particle filter. 

   

Fig. 3. Power unit used in tests. 

The supply pump sucked the fuel mixture from the fuel tank  which flowed through a pre-

filter. Then the fuel was pumped into a fine filter. From the fine filter the fuel was supplied 

to the supply chamber of Common Rail high pressure system and to electromagnetic injectors 
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through injection pipes on the engine head. Electronically controlled injector adjusted the 

injection start and the amount of fuel dose. The mixture was injected directly to the turbulence 

chamber. The mixture dose was sprayed inside the cylinder working space and mixed with 

sucked air. Standard filters designed for this engine model were used  during supplying the 

engine with mixtures of diesel oil and fatty acid methyl esters. 

The experiment was carried out in order to determine the engine performance parameters 

for a given mixture of diesel oil and fatty  acid methyl esters and for standard settings of the 

power unit. Road conditions were simulated during the tests.  The  process was interfered 

with in a planned manner.  

The task was to provide assessment of the composition of exhaust gases and the  

concentration of solid particles. The tests of an engine fueled with fatty acid methyl esters 

and diesel oil were conducted with the use of a chassis dynamometer with an eddy current 

brake. The measurement was affected by air humidity, atmospheric pressure changes and air 

temperature whose values are normalized. The measurement of toxic components of exhaust 

gases was performed by means of an exhaust gas analyzer  MGT-5, which along with a 

measurement probe, had certificates of periodic verification. The analysis of exhaust gases 

made it possible to define the amount of exhaust components that are released to the 

atmosphere in the form of gases. The  above described device is designed for measuring the 

toxicity degree of self-ignition vehicles  and used for determination of values of such 

compounds as: hydrocarbons (HC), oxygen (O2), carbon oxide (CO), carbon dioxide (CO2), 

nitric oxides (NO2). In combustion engines, it is the exhaust system that is responsible for 

emission of pollutants to the environment. The value of exhaust gas component concentration  

depends on the engine design, operation conditions, and the kind of fuel. Formation of carbon 

oxide is caused by shortage of oxygen during the process of combustion and originates in the 

engine chamber. The level of carbon oxide content in exhaust gases depends on the 

composition of the fuel mixture [34]. Nitrogen oxides occur in the exhaust gases in result of 

the combustion temperature. These substances are produced in the engine combustion 

chamber due to  oxidation of atmospheric nitrogen [35]. High value of nitric oxides is caused 

by premature combustion of the mixture. Occurrence of hydrocarbons during fuel 

combustion  in a self-injection engine is caused by oxygen shortage or  breaks in the ignition 

system operation [36]. The amount of hydrocarbons getting to the atmosphere depends on 

the fuel mixture composition. Measurement of emission of solid particles with dimensions 

exceeding  100 mm, was performed with the use of  MPM-4 analyzer of Maha company. 

Measurement of solid particles contained in the exhaust gases was performed by the optical 

method. This method involves measuring intensity of the light beam  which goes through the 

stream of exhaust gases, that is, comparison of infrared adsorption between a model neutral 

gas and the analyzed compound  [37]. Solid particles that occur during fuel combustion in 

self ignition engines are particles of carbon and  smaller particle absorbed by it, that is, soot. 

The value of solid particles emitted during fuel combustion was calculated from statistical 

values. Distribution of the solid particle sizes and  their number, were determined with the 

use of an electronic particle counter. Although literature provides results of research on 

similar units,  the authors of this study find it advisable to  present results of tests of selected 

performance parameters of a combustion engine [38, 39, 40].  

3 Test results  

The tests were performed for a mixture of 70% diesel oil and 30% fatty acid methyl esters. 

The tests were conducted in a laboratory environment for six performance parameters of the 

power unit. The test results are presented in table 1 including a basic statistical analysis 
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depicting standard deviation, variability coefficient and  the minimum and maximum for a 

given measurement. Each measurement was repeated 30 times. 

 

Table 1. Results of performance parameter tests of a power unit for mixture of 70% diesel oil and 

30% fatty acid methyl esters. 
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average [KM] 75.03 0.068 1.88 10.25 9.03 237.77 
median 75.5 0.04 9.0 9.98 9.0 236.5 
Standard deviation  4.468 0.065 0.325 2.069 0.546 16.132 
Variability coefficient 0.06 0.957 0.027 0.202 0.06 0.068 
minimum [KM] 68.0 0.04 11.3 6.96 8.0 107.0 
maximum [KM] 85.0 0.28 12.2 18.98 10.0 283.0 

 

 Table 2 shows components of exhaust gases for pure diesel oil with no fatty acid methyl 

ester additives. The test environment and the power unit have not been changed. 

 

Table . Results of tests of the power unit performance parameters for diesel oil with no fatty acid 

methyl ester additives. 
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average [KM] 94.0 0.13 11.96 17.29 51.47 227.23 

median 94.0 0.11 12.0 17.09 43.9 227.5 

standard deviation 2.607 0.071 0.384 0.694 19.94 12.983 

Variability coefficient  0.028 0.546 0.032 0.04 0.387 0.057 

minimum [KM] 87.0 0.04 11.2 16.21 30.0 196.0 
maximum [KM] 97.0 0.43 12.9 18.47 88.0 251.0 

 

The tests results allowed to find out whether application of fatty acid methyl ester 

additives in diesel oil is advisable or not. Comparison of the analysed components of exhaust 

gases with the base fuel that is, diesel oil, is presented in figures 4-9.  
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Fig. 4. Comparison of the amount of solid particles in the analyzed mixtures. 

 

         

Fig. 5. Comparison of the amount of oxygen in the analyzed mixtures. 

 

 

        

Fig. 6. Comparison of the amount of carbon dioxide in the analyzed mixtures. 
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Fig. 7. Comparison of the amount of carbon oxide in the analyzed mixtures. 

 

        

Fig. 8.  Comparison of the amount of hydrocarbons in the analyzed mixtures. 

 

          

Fig. 9. Comparison of the amount of nitric oxides in the analyzed mixtures. 

 

 The data presented in the charts shows a comparison of fuel mixtures: diesel oil with no fatty 

acid methyl esters and 70% diesel oil and  30%  fatty acid methyl esters. The lowest parameters for the  

mixture of 70% diesel fuel and  30%  fatty acid methyl esters were found for solid particles and 

hydrocarbons. The amounts of nitric oxides and carbon dioxide  in exhaust gases were at the same level. 

The results indicate too small content of fatty acid methyl esters in diesel oil.  
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4 Conclusion 

Environment protection and reduction in the emission of exhaust gas toxic components into 

the atmosphere involve a necessity to seek alternative solutions for self-ignition engine 

fueling. This work presents partial results of tests  for one mixture , that is,  70% diesel oil 

and 30% fatty acid methyl esters. Based on the results, it can be said that the 30% share of 

fatty acid methyl esters in diesel oil is not enough  to reach satisfying results. The analyzed 

parameters have a significant influence on the natural environment, though not all of them 

have a negative effect. The most important parameters which can be considered as toxic are 

carbon dioxide and nitric oxides. In the case of these parameters, no improvement, that is, 

amount reduction, was reported for the power unit fueled with the mixture alternative to 

diesel oil. Reduction in the amount of exhaust components was found for carbon dioxide, 

oxygen and hydrocarbons. A significant decrease could be also observed for solid particles 

whose amount has also an impact on the environment. When analyzing all the  results 

obtained for all the studied parameters it can be said that 30 % additive  of fatty acid methyl 

esters to diesel oil is insufficient to reduce the amount of fuel components down to the amount 

which is comparable with other power units considered to be ecological.  
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