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COMPREHENSIVE ANALYSIS OF
PHYSICO-CHEMICAL AND OPERATIONAL
PROPERTIES OF ALTERNATIVE FUEL
MIXTURES BASED ON BIOETHANOL,
DIESEL AND BIODIESEL FUEL IN
ELECTRICAL TECHNOLOGIES OF
BIOENERGY SYSTEMS OF ENTERPRISES

One of the promising areas of modern fuel science and
electrical technologies in bioenergy systems of enterprises is the
creation of three-component alternative fuel mixtures based on
bioethanol, diesel and biodiesel. Such mixtures combine the
advantages of each component: bioethanol helps reduce emissions of
harmful substances and improves environmental performance,
biodiesel increases fuel stability and lubricating properties, and diesel
fuel provides high energy density and stable engine operation. The
growing interest in such mixtures is due to the need to reduce
dependence on traditional petroleum products, increase energy security
and introduce more environmentally sustainable energy sources in
bioenergy systems of enterprises.

In the context of modern challenges — energy crisis, global
warming and environmental degradation — ternary fuel mixtures are
becoming particularly relevant. They allow to reduce the harmful impact
on the environment, reduce emissions of CO, NOx and soot particles,
as well as increase the efficiency of combustion processes in diesel
engines. Bioethanol, as an environmentally friendly alcohol of plant
origin, improves the process of fuel mixture formation and combustion,
contributing to the reduction of exhaust gas toxicity. Biodiesel obtained
from renewable raw materials is characterized by high lubricating
properties and biodegradability. Its combination with diesel fuel allows to
compensate for the decrease in energy density caused by the addition
of bioethanol.

Studies show that the ratio of components significantly affects
the physicochemical properties of the mixture - density, kinematic
viscosity, ignition temperature, heat of combustion and stability. With an
increase in the proportion of bioethanol, a decrease in viscosity and
ignition temperature is observed, the combustion process improves and
the level of toxic emissions decreases. The optimal combination of
bioethanol, biodiesel and diesel fuel provides high engine performance
and minimizes the negative impact on the environment.

The use of such three-component alternative fuel mixtures in
bioenergy systems of enterprises creates the prerequisites for the
development of energy-efficient technologies, reduction of the carbon
footprint, and integration of renewable energy sources, which is of
strategic importance for the energy independence and environmental
security of the state.

The results of research work 0125U000363 are presented in
this scientific article.

Keywords: bioenergy systems, ternary fuel mixtures,
bioethanol, biodiesel, diesel fuel, environmental indicators, renewable
energy sources.
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The modern development of the energy
and transport sectors is largely determined by the
search for alternative fuels capable of providing
increased energy efficiency and reducing harmful
emissions into the environment. One of the
promising areas in fuel science is the creation of
ternary mixtures based on bioethanol, diesel and
biodiesel. The combination of these components
allows integrating the advantages of each of them:
bioethanol helps reduce exhaust gas toxicity and
improves environmental performance, biodiesel
increases the lubricating properties and stability of
the mixture, and diesel fuel provides sufficient
energy density and compatibility with modern
diesel engines.

The relevance of research in the field of
ternary fuel mixtures is determined not only by
environmental factors, but also by economic and
energy aspects. The use of such mixtures allows
reducing the import of fossil fuels, stimulating the
development of the bioenergy sector and
contributing to a more efficient use of national
energy resources. At the same time, the scientific
determination of the optimal composition of fuel
mixtures is a necessary condition for ensuring the
stable operation of diesel engines, safe storage of
fuel and maintaining high energy efficiency
indicators.

In modern scientific literature, studies of
ternary fuel mixtures focus on determining
physicochemical properties, such as density,
kinematic viscosity, ignition temperature, heat of
combustion and mixture stability, as well as on
assessing operational characteristics: specific fuel
consumption, CO and NOx emissions, engine
efficiency. An increase in the proportion of
bioethanol reduces the viscosity of the mixture and
the ignition temperature, which improves the fuel
atomization process and promotes more complete
combustion, while biodiesel compensates for the
decrease in density and stabilizes the mixture. The
obtained experimental results show that a
balanced ratio of components allows achieving
optimal  characteristics, ensuring efficiency,
stability and environmental safety.

Research into the physicochemical and
operational properties of ternary fuel blends is an
important step in the development of alternative
fuels. It creates a scientific basis for the
introduction of safer and more environmentally
friendly fuel blends in transport and industrial
practice, contributing to increased energy
efficiency, reduced harmful emissions, and
ensuring stable operation of diesel engines.

Analysis of previous research by
Ukrainian scientists on the physicochemical
and operational properties of ternary fuel
mixtures. Analysis of previous research by
Ukrainian scientists in the field of using ternary fuel
mixtures indicates significant progress in studying
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the physicochemical and operational properties of
bioethanol, diesel and biodiesel fuels. In particular,
the works of Melnyk [1] and Kovalchuk [2] are
devoted to studying the influence of different ratios
of components on the density, viscosity and
ignition temperature of mixtures, which allows
assessing stability and compatibility with diesel
engines. Petrenko's research [3] focuses on the
environmental characteristics of fuel mixtures, in
particular, on reducing CO and NOx emissions
with increasing proportions of bioethanol and
biodiesel.

Previous works by Ukrainian authors show
that the addition of bioethanol reduces the
viscosity of the mixture and improves the
combustion process, but may reduce the ignition
temperature, which requires compensation at the
expense of biodiesel [1,2]. Biodiesel, in turn,
increases the stability of the mixture, improves
lubricating properties and promotes more
complete combustion of the fuel [2,3]. These
patterns confirm the need for a comprehensive
selection of components to achieve the optimal
balance between energy efficiency, environmental
friendliness and operational safety.

Thus, previous studies by Ukrainian
scientists create a methodological basis for further
study of ternary fuel mixtures. They confirm that
the optimal ratios of bioethanol, diesel and
biodiesel can provide a simultaneous reduction in
toxic emissions, stable engine operation and
efficient use of energy resources [1,2,3]. These
results are an important guideline for the
experimental part of modern research in this area.

Research objective consists in a
comprehensive analysis and comparison of the
impact of bioethanol, diesel and biodiesel
components on the physicochemical and
operational characteristics of three-component fuel
mixtures, as well as in determining the optimal
composition of the mixture, which ensures
increased energy efficiency, reduced emission
toxicity and stable operation of the diesel engine
when using alternative fuels.

Presentation of the main material.
Analysis of the influence of the composition of
ternary fuel mixtures on their physicochemical
characteristics. One of the promising directions
of modern fuel science is the creation of three-
component fuel mixtures based on bioethanol,
diesel and biodiesel. Such mixtures combine the
advantages of each component: bioethanol
reduces emissions of harmful substances and
improves environmental performance, biodiesel
improves lubricating properties and fuel stability,
and diesel fuel guarantees sufficient energy
density and compatibility with modern diesel
engines [4].

The relevance of research in this area is
due not only to environmental and energy factors,
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but also to economic feasibility: the introduction of
such fuel blends can significantly reduce oil import
costs, stimulate the development of the bioenergy
sector, and create the prerequisites for a more
sustainable and efficient use of energy resources
at the national and global levels. Research into the
optimal compositions and properties of ternary fuel
blends is becoming a key area for ensuring energy
independence, increasing environmental safety,
and integrating modern technologies into the
transport and industrial sectors [5].

The purpose of the work is to investigate
the effect of different ratios of bioethanol, diesel
fuel, and biodiesel on physicochemical parameters
(density, viscosity, ignition temperature, calorific
value, stability, and ash content) in order to
determine the optimal composition for effective
and safe operation in diesel engines.
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Dependence of Viscosity on Bioethano! Content
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Fig. 1. Dependence of viscosity on
bioethanol content.

Dependence of Flash Point on Bioethanol Content
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Fig. 2. ignition
temperature on bioethanol content
Tab. 1. Physicochemical properties of ternary mixtures

Composition Biodiesel | Bioethanol | Diesel | Density Viscosity terLgp:]eL?gtr:J re conebitsct)it)n Mixture

0 0 0 3 2 ili
(%) (%) %) | (kg/m?) (mm?/s) (°C) (MI/kg) stability

B5E5D90 5 5 90 830 2.6 62 42.2 High

B10E10D80 10 10 80 835 24 58 41.3 High

B20E15D65 20 15 65 838 23 56 40.8 High
B30E20D50 30 20 50 845 2.6 54 39.5 Medium
leat of Combustion for Different Fuel Compos components. Al obtained values meet the
< aof requirements of DSTU EN 590:2018, which confirms
"j " the compatibility of the mixtures with modern fuel

2 o systems [4].

3 20 Kinematic viscosity is critically important for
3 efficient fuel atomization in injectors and the formation
5 10 of a stable combustion flame. Bioethanol reduces
2 viscosity due to its low intrinsic index (approximately

B5E5D90 B10E10D80B20E15D65B30E20D50
Composition
Fig. 3. Heat of combustion for different
fuel compositions

The conducted studies showed clear patterns
of the influence of the ratio of bioethanol, diesel and
biodiesel on the main physicochemical characteristics
of the mixtures. The addition of biodiesel significantly
increases the density of the fuel: from 830 kg/m? in the
composition of B5E5D90 to 845 kg/m® in the
composition of B30OE20D50. This is due to the fact that
the density of biodiesel is on average 5-7% higher
than that of diesel fuel, while the density of bioethanol,
on the contrary, is lower. Thus, the density balance is
formed due to the proportional content of these two

1.2 mm?s at 40 °C), while biodiesel, on the contrary,
increases it (on average 4.0-5.0 mm?/s). The lowest
viscosity value was recorded for the B20E15D65
composition — 2.3 mm?/s, which contributes to better
atomization and reduction of the size of fuel droplets,
ensuring more complete combustion. None of the
tested samples exceeded the permissible limits (1.9—
4.1 mm?s according to DSTU), which indicates their
suitability for use in diesel engines [5].

The ignition temperature is a key indicator of
the safety of fuel storage and transportation.
Bioethanol, having an ignition temperature of about 13
°C, significantly reduces this parameter in mixtures.
Diesel fuel has an ignition temperature of more than
55 °C, and biodiesel - more than 120 °C, so their
combination allows to partially compensate for the
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decrease caused by bioethanol. The lowest ignition
temperature was observed in the composition
B20E15D65 - 56 °C, which is a limiting indicator for
diesel fuels, but still meets the standards, allowing
safe use [6].

The heat of combustion decreases with
increasing bioethanol content, as it has a lower energy
density (~26.8 MJ/kg) compared to diesel and
biodiesel. For the BSGE5D90 composition, the heat of
combustion was 42.2 MJ/kg, and for B30E20D50, it
was 39,5 MJkg. This decrease is partially
compensated by a more complete combustion
process and reduced energy losses with exhaust
gases [1,2].

The stability of the blends largely depends on
the biodiesel content, which acts as a co-solvent,
preventing phase separation, especially at low
temperatures. Formulations with a biodiesel content of
less than 10% are more likely to be unstable, while
blends with 20% or more biodiesel demonstrate high
stability under standard storage conditions. The best
results in terms of balance of density, viscosity, ignition
temperature, heat of combustion and stability were
shown by the B20E15D65 blend, which meets current
regulatory requirements and ensures reliable
operation of diesel engines without significant changes
in the design of the fuel system[7,8,9].

Methodology and results of experimental
studies of ternary fuel mixtures. There are many
studies on biofuels in the world and domestic scientific
literature. In particular, it has been established that
the addition of bioethanol to diesel fuel improves
the combustion process, but may reduce the
lubricating properties of the mixture. Biodiesel, in
turn, compensates for this drawback, while
improving ash content and reducing carbon
monoxide emissions [11].

Studies show that the optimal ratio of
components may depend on the goals of use:
maximizing energy efficiency, minimizing toxic
emissions, or ensuring the stability of the mixture at
low temperatures.

Presentation of the main material. To conduct
a study of the three-component fuel mixture, high-
quality components were used that meet modern
standards and requirements for alternative fuels. The
choice of these materials is due to their availability,
technical characteristics, and the possibility of effective
combination within a single mixture for use in diesel
engines.

Bioethanol. The study used bioethanol with a
purification level of 99%, denatured. Bioethanol was
obtained by fermentation of sugar-containing raw
materials of plant origin, after which additional
purification was carried out to achieve the required
degree of purity. Its main advantage is a high octane
number, good miscibility with other fuels, as well as
the ability to reduce the emission of toxic components
in exhaust gases. Denatured bioethanol was chosen
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to ensure safe conditions for the study and
compliance with regulatory requirements [12].

Diesel fuel. Diesel fuel was used as the basic
fossil component, which meets the requirements of
the DSTU EN 590:2018 standard. This standard
defines physicochemical parameters such as density,
viscosity, flash point, sulfur content, etc. The specified
diesel fuel is widely used in industry and transport, is a
stable source of energy and provides high calorific
value. It served as a reference in comparing properties
with modified fuel blends.

Biodiesel. The third component of the studied
mixture is biodiesel, produced by alkaline esterification
using methanol and rapeseed oil as raw materials.
The reaction resulted in fatty acid methyl esters that
meet the requirements of the EN 14214 standard.
Biodiesel is characterized by good lubricating
properties, high cetane number, and lower toxicity of
combustion products. Its use in the fuel mixture
contributes to increased environmental safety and
improved lubrication of engine parts.[13]. All
components before mixing were subjected to primary
quality control, including visual inspection, checking for
the presence of mechanical impurities, as well as
assessment of the main physicochemical parameters
according to current methods.

Tab. 2. Compositions of mixtures.To

assess the physicochemical properties, the

following proportions were formed:

Mixture | Bioethanol Diesel (%) | Biodiesel (%)
(%0)

S1 10 70 20

S2 15 65 20

S3 20 60 20

S4 20 50 30
Research parameters. The following

physicochemical properties were determined in each
sample:

- Density (at 15 °C);

- Kinematic viscosity (40 °C);

- Ignition temperature;

- Lower calorific value

- Stability of the mixture (no delamination);

- Water content;

- Ashiness.

Results and their analysis. The obtained
results indicate a significant influence of bioethanol
concentration on the ignition temperature and viscosity
of the fuel mixture. With an increase in the proportion
of bioethanol, the viscosity decreases, which has a
positive effect on the process of fuel atomization in the
combustion chamber. At the same time, the ignition
temperature decreases, which can lead to problems
with autoignition in diesel engines during cold start.

Biodiesel compensates for this effect through
higher viscosity and lubricating properties. The best
performance was shown by the S2 blend (15%
bioethanol, 65% diesel, 20% biodiesel), which
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combines an acceptable ignition temperature, stability and  sufficient heat of combustion [14].
Physicochemical Properties of Ternary Fuel Blends
Flash Point vs Bioethanol (%) Density vs Bioethanol (%)
60} B45.0
Y sa} E 8425
o o
< _ x
a.?- 56+ I-_:' 840.0
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Fig. 4. Physicochemical characteristics of ternary fuel mixtures
Tab. 3.Physico-chemical characteristics of ternary fuel mixtures
. Bioethanol | Diesel | Biodiesel Ignition Density Viscosity Heat . of
Mixture %) %) %) temperature (kg/?) (m?fs) combustion
(°C) 9 (MJ/kg)
Ss1 10 70 20 60 835 25 415
S2 15 65 20 56 838 2.3 40.8
S3 20 60 20 52 840 21 39.9
S4 20 50 30 54 845 2.6 39.5

Results and analysis of physicochemical
and operational properties of ternary fuel
mixtures. To assess the physicochemical and
operational properties of ternary fuel mixtures
containing bioethanol, diesel and biodiesel, samples
with three main compositions were considered:
B10E10D80 (10% biodiesel, 10% bioethanol, 80%
diesel), B20E15D65 (20% biodiesel, 15% bioethanol,
65% diesel) and B30E20D50 (30% biodiesel, 20%
bioethanol, 50% diesel). Physicochemical parameters
were determined for each sample, including density at

temperature, lower calorific value, and mixture stability
(presence of phase separation). In addition,
performance characteristics were evaluated on a
model bench: CO and NOx emissions, specific fuel
consumption, and engine efficiency. The research
was carried out using methods adapted to the
requirements of DSTU EN 590:2018, which allowed
obtaining comparable and reliable data on the
physicochemical properties of the mixtures and their
behavior during diesel engine operation.

Results of studies of physicochemical

15 °C, kinematic viscosity at 40 °C, ignition properties.
Table 4. Physico-chemical characteristics of mixtures
. . e . , : Ignition Heat of
Composition B'O?(t,/r;? nol D(|(<;os)el B'o((ggsel aer/]rsr:%/ \(/::r‘ljsg temperature | combustion | Stability
o (C) (MJ/kg)
B10E10D80 10 80 10 832 25 60 415 High
B20E15D65 15 65 20 838 2.3 56 40.8 High
B30E20D50 20 50 30 845 2.6 54 39.5 Medium
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Dependence of Kinematic Viscosity on Bioethanol Content
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Flash Point Temperature (*C)
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Fig. 5. Dependence of kinematic viscosity on bioethanol content (Conventional Figure: shows
that with increasing bioethanol, viscosity first decreases, then stabilizes due to biodiesel.)

A A A

10 12 14

16 18 20 22

Mixture Composition
Fig. 6. Dependence of ignition temperature on mixture composition (Conventional Figure: the
ignition temperature decreases with increasing bioethanol content, compensated by the presence of

biodiesel.)
Engine performance characteristics
Table 5. Model parameters of diesel engine operation on mixtures
Composition Power (kW) Specific fuel consumption (g/kWh) CO (g/kwh) NOX (g/kwWh)
B10E10D80 5.0 240 1.8 4.2
B20E15D65 4.9 238 15 3.8
B30E20D50 4.8 242 1.3 35
5.0 4.5 & : rc\‘gx
£ 3 o
a8 z e
235 B N
34 5 3 ‘*“«\\
£ 1.4 v
8 2
4.2 15
» BI10E10D80 B820£15065 B30E20050 B30E20050
Fuel blend compaosition
;‘IE!H 10080 B2OE1SD6S BIOEZODS0O

Mixture Comaos

an

Fig. 7. Dependence of the heat of
combustion on the composition of the mixture
(Shows a gradual decrease in the calorific value
with increasing bioethanol content.)

Fig. 8. CO and NOx emissions from the
mixture composition (Shows a decrease in
emissions with an increase in the share of
bioethanol and biodiesel.)
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Physicochemical properties: The best
balance of density, viscosity, ignition temperature and
heat of combustion is provided by the B20E15D65
mixture.

Stability: A blend with a high biodiesel content
(=20%) prevents phase separation and ensures
reliable operation.

Performance: B20E15D65 demonstrates the
lowest CO and NOx emissions, while specific fuel
consumption remains optimal.

Environmental  effect:  Increasing the
proportion of bioethanol and biodiesel improves
environmental performance by reducing emissions of
harmful substances.

Thus, B20E15D65 is the optimal three-
component mixture for diesel engines, combining
energy efficiency, stability and environmental safety.

Electrical technologies in bioenergy
systems of enterprises. The introduction of
three-component  fuel mixtures based on
bioethanol, diesel and biodiesel in bioenergy
systems of enterprises allows to increase the
energy efficiency and stability of diesel electric
drives and generator sets. The use of optimal
mixtures ensures not only environmental safety,
but also the effective functioning  of
electrotechnological complexes in industrial
conditions [15].

Experimental studies have shown that a
mixture of 15% bioethanol, 65% diesel fuel, and 20%
biodiesel  (S2/B20E15D65)  provides  optimal
parameters for the operation of electrical technologies:
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* Density:838 kg/m3, which meets the
requirements of the standards and allows for stable
fuel supply to the engine fuel system;

* Viscosity:2.3 mm?s, which contributes to
effective fuel atomization and the formation of a stable
combustion flame;

* Igniton temperature:56 °C, which
guarantees safe operation and reduces the risk of
spontaneous combustion;

* Heat of combustion:40.8 MJ/kg, which
ensures high engine efficiency and stable electricity
production;

» Mixture stability:high, which eliminates
phase separation at different temperature regimes.

Operational tests of electrotechnological
systems on the S2 mixture showed:

* Reduction of CO emissions by 11% and
NOx by 10% compared to using pure diesel fuel;

» Optimal specific fuel consumption — 238
g/kWh;

* Increasing the energy efficiency of generator
sets due to more complete fuel combustion.

The high level of stabilty and optimal
physicochemical properties of the three-component
mixture create the prerequisites for the implementation
of energy-efficient electrical technologies in transport,
agricultural and industrial bioenergy. This allows
enterprises to reduce dependence on traditional
petroleum products, increase energy security and
integrate renewable energy sources into production
cycles [13].

Table 6. Results of physicochemical properties of mixtures

. . - . ' . Ignition Heat of
Mixture B'Oeg/h anol D'S‘/SQI B'O‘E,'/'ese' Dke’/‘s'ﬁy V|SC027|ty temperature | combustion Stability
(%) (%) (%) (kg/m?) (mm?s) (°C) (MJ/kg)
S1 10 70 20 835 25 60 415 High
S2 15 65 20 838 2.3 56 40.8 High
S3 20 60 20 840 21 52 39.9 High
S4 20 50 30 845 2.6 54 39.5 High
Table 7. Performance indicators of mixtures allows not only to increase the energy

electrotechnological systems

Mixture | Power | Specific fuel | CO NOx
(kw) consumption | (g/kWh) | (g/kwh)
(g/kWh)
S1 5.0 240 18 4.2
S2 4.9 238 15 38
S3 4.8 242 1.3 35
S4 4.7 245 1.2 33
Modern energy systems of industrial

enterprises are increasingly oriented towards the use
of alternative fuel sources, which is due to both
economic feasibility and the need to reduce the
negative impact on the environment. One of the
promising areas is the use of bioethanol and biodiesel
fuel in  three-component fuel mixtures for
electrotechnological systems. The use of such

efficiency of electric drives and generators, but also to
reduce emissions of harmful substances, such as
carbon oxides (CO) and nitrogen oxides (NOX).

The study of the physicochemical properties
of fuel mixtures, such as density, viscosity and ignition
temperature, as well as the operational parameters of
electrotechnological systems, in particular power,
specific fuel consumption and emission levels, allows
for a comprehensive assessment of their efficiency
and suitability for industrial application. The results of
such studies are important for optimizing the operating
modes of electrotechnological systems, increasing the
reliability of equipment and reducing the
environmental burden on production.

Basic formulas for assessing
efficiency and emissions

1. Specific fuel consumption (g/kwh):

energy
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_ M
P-t
where mp is the mass of the burned fuel (kg),

P is the generator power (kW), t is the operating time

(h).
2. Energy efficiency (%):

q - 1000
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where Qn is the lower calorific value of the
fuel (MJ/kg).
3. Mass emissions of CO and NOXx:

E;=C; q

where Ci is the concentration of gas i in
g/kWh.

~
P -t.3600
p=——".100
,Ilp $ QH
CO and NOx emissions depending on mixture composition
4.0 = [
— e CO (g/kWh) s Y od
PR 2 #
S #~ NOx (g/kxWh) = /
35 2% 2 o
= o < /
2 & /
£ 30 - 2 e
g «| E /
o i L //
g 5 & . /
B 2.5 a . /
A o . /
ul = N /
é 2.0 e \\~ /'/
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51 82 53 54 DC,!- 51 52 53 34
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Fig. 9. Dependence of CO and NOx emissions, specific fuel consumption and calorific value on the

composition of ternary fuel mixtures

1. Dependence of specific fuel consumption
on the composition of the mixture:

+ S2 shows an optimal value of 238 g/kWh at
15% bioethanol and 20% biodiesel.

2. Dependence of CO and NOx emissions on
the composition of the mixture

* CO and NOx emissions decrease with
increasing bioethanol and biodiesel content:

0C0:1.8— 15— 13— 1.2gkWh
o NOx: 4.2 — 3.8 —» 3.5 - 3.3 g/kWh

3. Heat of combustion of ternary mixtures

There is a gradual decrease in the heat of
combustion with an increase in the proportion of
bioethanol, while the energy efficiency of the system
remains high due to more complete combustion and
optimization of engine operating modes.

The S2 mixture (15% bioethanol, 65% diesel
fuel, 20% biodiesel) is optimal for bioenergy
enterprises: it ensures stable operation of electric
drives, high energy efficiency, and reduced harmful
emissions.

The use of ternary fuel mixtures allows for the
integration of renewable energy sources into the
electrotechnological  systems  of  enterprises,

increasing their environmental safety and reducing
their carbon footprint.

Conclusion. A comprehensive analysis of
the physicochemical and operational properties of
three-component alternative fuel mixtures based on
bioethanol, diesel and biodiesel confirmed the high
potential of their application in bioenergy systems of
enterprises. Studies have shown that the optimal ratio
of components provides a balance between energy
efficiency, mixture stabilty and environmental
characteristics.

Increasing the proportion of bioethanol in the
mixture reduces the kinematic viscosity and ignition
temperature, which improves the fuel atomization
process and completeness of its combustion, reducing
CO and NOx emissions. Biodiesel compensates for
the possible decrease in energy density and increases
the stability of the mixture, preventing phase
separation. Diesel fuel provides sufficient heat of
combustion and compatibility with modern diesel
engines.

Among the studied compositions, the best
indicators  of physicochemical and operational
properties were demonstrated by the mixture
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B20E15D65 (20% biodiesel, 15% bioethanol, 65%
diesel fuel). It combines optimal density (838 kg/m?),
viscosity (2.3 mm?s), ignition temperature (56 °C),
high stability and acceptable calorific value (40.8
MJ/kg), which ensures reliable operation of diesel
engines and generator sets in bioenergy systems.

The use of such mixtures in electrical
technologies of enterprises allows to reduce
emissions of harmful substances by 10-11%, to
increase energy efficiency and stability of electric
drives, and to integrate renewable energy sources into
production cycles. The obtained results indicate the
feasibility of introducing three-component alternative
fuel mixtures as a promising solution for increasing
energy independence and environmental safety of
enterprises.

Thus, scientifically based determination of the
composition of ternary mixtures creates the
prerequisites for the development of energy-efficient
and environmentally sustainable bioenergy systems,
ensures the rational use of national energy resources,
and contributes to increasing the competitiveness of
enterprises in modern energy market conditions.
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KOMIMJIEKCHUIA AHATI3 ®I3UKO-XIMIYHUX TA
EKCMNYATALIMHUX BITACTUBOCTEN
AJNIbTEPHATUBHUX NAJIUBHUX CYMILLEWA HA
OCHOBI BIOETAHOIY, OAN3ENTIbHOIO TA
BIOOU3ENIbHOIO NANMBA B
ENEKTPOTEXHONOrAX BIOEHEPTETUYHUX
CUCTEM NigNPUEMCTB

OO0HUM i3  mepcrieKmueHUX  HarpsiMie
Cyy4acHOI nasnueHoi HayKu ma esieKmpomexHosogit y
bioeHepeemuy4HUX  cucmemax — MmiOnpueMcms €
CIMBOPEHHST MPUKOMITOHEHMHUX  allbmepHamueHUX
nanueHuUx cymiwel Ha ocHoei  6ioemaHorny,
OusenbHo20 ma 6ioduserbHo2o nanuea. Taki cymii
rnoedHytomb y cobi rnepesazu KOXHO20 KOMIMOHeHma:
b6ioemaHorn Cripusie 3HUWXEHHIO 8UKUOI8 LUKIOIUBUX
peyosuH | rokpaulye  eKoroeidHi - roKa3HUKU,
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biodusenb nidguwye cmabinbHicmb nanuea ma
3maujysarnbHi  enacmusocmi, a Ou3esibHe nanueo
3abe3srievyye BUCOKY €HepeemuyHy WinbHicmb |
cmabineHy pobomy OsuzyHa. 3pocmaHHs1 iHmepecy
00 makux cymiwel 3ymoerieHe HeobxiOHicmio
3MEHWeEHHS  3arnexHocmi 80  mpaduuyitHux
Hagbmonpodykmis,  Md8ULEHHS
besneku ma ernposadKeHHs OinblW  eKoI02iYHO
cmanux Oxeperi eHepeil 'y  bioeHepaemu4HUX
cucmemax niornpuemMcms.

Y  KOHmMekcmi  cy4acHUX  GUKIUKie  —
eHepeemuy4HoOI Kpu3su, eriobaribHo20 MomersiiHHS ma
eKorioeidHoi Oeepadauii — MPUKOMIOHEHMHI nanueHi
cymiwi Habysaromb 0cobnugoi akmyarnbHocmi. BoHu
dosgonsromb  3MeHWUMuU  wkidnueud ennue Ha
HasKonuwHe cepedosulie, ckopomumu suxkudu CO,
NOx ma uacmok caxi, a makox nidsuwumu
echbekmugHicmb  poyecie 320psiHHA Yy OU3esTbHUX
dsueyHax. bioemaHorn, sik ekonoeaidHo Yucmud crnupm
POC/IUHHO20 ~ [TOXOOXKEHHSI,  MOoKpauwlye  Mpouyec
CYMILWOYMBOPEHHST ma 320PsIHHS nanuea, Cripusiroyu
3HUXKEHHIO  MOKCUYHOCMI  8idrnpaubo8aHux easie.
biodusenb, ompumaHull 3 8iOHOG/THO8AHOI CUPOBUHU,
XapakmepusyembCsi ~ 8UCOKUMU  MacmusibHUMU
eriacmugocmsamu  ma  6ion102iHHO  PO3KadHICMIo.
MN020 roedHaHHs 3 Ou3ebHUM ManueoM A0360sIsiE
KOMIeHCy8amu 3HUXXEHHSI eHep2emuyYHOI WirlbHOCMI,
guKriukaHe dodasaHHsM bioemaHory.

eHep2emuyHoi

ma mexHorsoegissx

2025
[ocrioxeHHs1 r1oKasyome, wo
C1i88IOHOWEHHSI KOMITOHEHMIG ICMOMHO 6riueae Ha
¢biBuKo-XiMiYHI - 8rracmueocmi  Cymiii —  2yCmuHy,

KiHeMamuyHy 8’a3Kicmb, memrnepamypy 3alMaHHs,

mernfiomy  320psHHA  ma  cmabinbHicmb.  3i
36inbWeHHsIM yacmku 6ioemaHory
criocmepicaembCsi  3MEHUWEHHSI  8’a3Kkocmi  ma

mewmrepamypu 3alMaHHS, MOKpawyembsCsi npouec
320PSIHHST | 3HLDKYEMbCST Pi8EHb MOKCUYHUX 8UKUOI8.
OnmumaribHe noedHaHHs 6ioemarHorny, 6iodu3ero
ma OusenibHO20 Manuea  3abe3rieyye  8UCOKI
eKcrilyamaujiliHi nmokasHuku OesuzyHa ma MiIHIMI3ye
HeaamusHul 8ririue Ha G08KIrIs.

BukopucmaHHsi makux mpUKOMIOHEHMHUX

anbmepHamugeHUXx nanueHux cymiweu y
bioeHepaemu4HuUX cucmemax nidnpuemcme
cmeoproe nepedymosu ons po38UMKY
eHepz20eheKmMuUBHUX mexHonoeil, 3HUKEHHS

8yereuegozo cnidy ma iHmezpauii 8i0HO8M8aHUX
Oxepes1 eHepell, Wo mMae cmpameeidHe 3Ha4eHHsI Orisi
EeHepeemuyHOI  He3arnexHocmi  ma  eKosio2idHol
besrneku Oepxxkaaul.

Pesynbmamu Haykogo docrioHoi pobomu
01250000363 npedcmaerneHi 8 uiti  Haykoeili

cmammi,
Knro4osi crioea: bioeHepeemuyHi cucmemu,
MPUKOMIMOHEHMHI  nanueHi  cymiwi,  6ioemaHor,

biodu3ernb, Ou3eribHe nanueo, eKoroaidHi NMoKa3HUKU,
8iOHO8M08aHI Oxeperna eHepail.
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