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Fatty acid esters (FAEs) attract attention worldwide due to their environmental friendliness,

renewable nature and the possibility of their use as additives to traditional diesel fuel.

Current energy crisis in Ukraine can be solved only under the condition of rational use of

all energy sources and search for alternative ones. Among them, the technologies involving

FAEs play an important role. The paper discusses various options for the transesterification

process of FAEs: non-catalytic and catalytic ones. Information is provided about different

types of catalysis. Different raw materials for the production of FAEs of various origins are

overviewed. The characteristics of existing installations and methods of the FAE production

are given. The main advantages and disadvantages of the above-mentioned aspects of the

FAE production are analyzed. Comparison of the physicochemical characteristics of FAEs

obtained by different methods is made. Recommendations are given to partially overcome

the existing fuel crisis in Ukraine with the help of biofuel production.
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Introduction
Burning fossil fuels releases a significant amount

of carbon dioxide, which traps heat in the atmosphere
and contributes to global warming [1]. An alternative
to reducing the use of traditional motor fuels and
developing ecological and economic processes is the
development and research of biofuels [2].

Fatty acid esters (FAEs) contain fewer sulfur
compounds and have a higher flash point, emit 80%
less hydrocarbons and 50% less toxic particles with
exhaust gases [3]; they are distinguished by their
renewable, biodegradable, non-toxic and
environmental friendliness [4].

According to statistical data, the production of
FAEs in Ukraine has not been recorded, although
the potential is estimated at 2 million tons per year,
since the raw material for production is technical
oil, as well as rapeseed and soy, i.e. crops that are
actively exported [5].

Fatty acid esters are used in pure form or as an
additive to petroleum diesel fuel. General technical
requirements for methyl esters of fatty acids and for
ethyl esters of fatty acids are regulated by the state
standards DSTU 6081:2009 and DSTU 7178:2010,
respectively [6].

The quality of FAEs and the technological
mode of their production depend, first of all, on the
composition and properties of the original oil.

The first generation of FAEs mainly used edible
crops. The second generation used technical vegetable
oils, animal fats, lard and beef fat. The third
generation is algae, which play a very important role
in the production of FAEs, possessing numerous
advantages such as higher oil content compared to
other crops and environmental friendliness. Algae
do not affect the environment, requiring a small area
for cultivation [3]. Spent oils, industrial and
household waste are also used as raw materials [4].

Catalytic production of FAEs
Process chemistry
Traditionally, alternative fuel is obtained by

transesterification. The reaction proceeds in the
presence of alkaline or acid catalysts. The process
consists of three consecutive and reversible reactions
in which triglycerides are converted to diglycerides,
then to monoglycerides and finally to glycerol.

Fatty acid esters are formed in each of the three
reactions. Thus, starting from a triglyceride molecule,
at the end of the overall reaction, three molecules of
esters are produced, and glycerol is formed as a
byproduct (Figure) [3].
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Methanol is usually used due to its economic
feasibility. FAEs production is affected by various
factors, such as temperature, reaction time, catalyst
concentration, and the molar ratio of alcohol to oil.
As a rule, the reaction rate increases with increasing
the temperature. Due to the nature of the catalyst,
it s concentration significantly affects the
technological process. A large catalytic surface area
reacts faster and the reaction will be completed in a
short time, while a large catalyst concentration slows
down the reaction [7].

The processes of transesterification are divided
into the following groups:

1. Catalytic process
1.1. Homogeneous catalysts.
1.1.1. Alkaline: KOH, NaOH, NaOCH3,

KOCH3, and K2CO3.
1.2. Heterogeneous catalysts
1.2.1 Enzymes: immobilized lipase, and CH2N2.
1.2.2 Titanium silicates, sulfated titanium,

alkaline earth metal oxides (MgO, CaO, SrO), and
amorphous zirconium dioxide.

2. Non-catalytic process.
2.1. Supercritical alcohols.
2.2.  BIOX co-solvent process.
Homogeneous alkaline catalyst
A homogeneous alkaline catalyst is most

commonly used in FAE production due to its ability
to react at low temperatures and atmospheric
pressure, providing high conversion in a short time
[3]. NaOH, CH3OH and KOH are most often used
[8]. When using alkali, the following side reactions
occur concurrently with the main reaction:
neutralization of free fatty acids, saponification of
mono-, di-, triglycerides of higher fatty acids and
FAEs.

This type of catalyst is advisable to use when
the content of free fatty acids (FFA) and moisture is
no more than 3% and 0.05%, respectively. Otherwise,
the reaction with FFA leads to saponification,
deactivation of the catalyst and a decrease in the
conversion yield of the target product [2]. The
number of saponification products increases with an
increase in catalyst concentration over 1.3%, the
duration of the process, and an increase in
temperature up to 500Ñ [6].

The main disadvantages of the catalyst include
foaming and difficulty in extraction, which leads to
an increase in the production costs of FAEs [9].

Homogeneous acid catalyst
The results of homogeneous acid catalysis are

not influenced by the presence of FFA, which allows
using cheap raw materials. The efficiency of catalysts
is higher when the FFA content is more than 1%.
However, the process has disadvantages, including a
lower reaction rate, high temperature and alcohol/raw
material molar ratio, difficulties in catalyst separation,
and environmental issues [3].

Heterogeneous alkaline catalyst
The main disadvantages of homogeneous

catalysts are resolved by using heterogeneous catalysts
[8]. The system consists of a solid homogeneous
catalyst and two liquid phases that are mixed.
Synthetic catalysts based on hydroxides of alkali
metals (Na, and K) and oxides of alkaline earth
metals (Ca, Mg, Sn, and Zn) were studied.
Heterogeneous solid catalysts are easily recovered
and reusable, and they do not require a separation
step, but are less efficient than homogeneous
catalysts.

Heterogeneous acid catalyst
The use of solid acid catalysts such as zeolites,

General reaction scheme of transesterification in the presence of methanol
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ion exchange resins, sulfated metal oxides, and
sulfated carbon fibers has several advantages. The
catalyst is more easily separated from the reaction
medium, regenerated, and processed. However, the
heterogeneous acid catalyst is less active, requires a
longer reaction time, high temperature, pressure, as
well as a higher molar ratio of alcohol/oil compared
to alkaline catalysts [3].

Bio-based catalysts
Research into the effectiveness of a calcium-

potassium (Ca–K) catalyst on a bio-based basis is
being conducted. This catalyst can be regenerated.
The bio-based catalyst maintained its catalytic activity
from the 1st cycle to the 4th cycle with a slight
decrease from 93.6 wt.% to 92.20 wt.%. However,
in the 5th and 6th cycles, a significant decrease (89.7
and 88.7 wt.%) was observed, due to the glyceride
groups that blocked the catalyst holes. Regeneration
of this catalyst can be carried out without a significant
loss of efficiency no more than 4 times [7].

Enzymes
The use of enzymes as biocatalysts in the

production of FAE allows reducing the cost of
production. Enzymes have numerous advantages such
as biodegradability, reusability, simultaneous
conversion of FFA and triglycerides to FAEs, no
by-products, mild operating conditions and easier
product separation. In addition, they prevent the
occurrence of side reactions, such as saponification
and hydrolysis. However, enzymes have disadvantages
such as high cost, longer reaction time, inhibition
by methanol, and limited self-regeneration [3].

Non-catalytic FAEs production
In the non-catalytic process of

transesterification, no catalyst is used, therefore no
saponification occurs, and there is no need to remove
the catalyst. Two methods are mostly used: the
process under supercritical conditions and the process
with BIOX co-solvent [8].

Under supercritical conditions, the mixture
becomes a single homogeneous phase that accelerates
the reaction, since there is no mass exchange phase
that limits the reaction rate. Alcohol is both a reagent
and a catalyst. It is advisable to add water to improve
product separation, which increases the FAE yield.
The main disadvantages of this process are the high
cost of the equipment due to the high temperature
(170–3500C) and pressure (10–60 MPa) [3].

Glycerol implies problems in classical catalytic
transesterification, as further steps are required to
separate the glycerol fraction and FAE. Under
supercritical conditions, glycerol thermally
decomposes and reacts with alcohol, forming glycerol
esters, diglycerols and alcohols, which are mixed

with FAE, through esterification reactions. The
presence of these low-molecular-weight compounds
can improve the cold flow properties and viscosity
[10]. In addition to methanol and methyl acetate,
ethanol, methyl tert-butyl ether and dimethyl
carbonate are also used.

Methyl tert-butyl ether and tetrahydrofuran are
used as inert BIOX co-solvents to create a single-
phase system by dissolving alcohol in it. This process
allows reducing the reaction time (up to 5–10
minutes), as it increases the solubility of alcohol in
the co-solvent [8].

Raw materials
Edible and non-edible fatty raw materials
The main producers of FAEs worldwide are

the European Union (rapeseed, and soybean), the
United States (soybean), Brazil (soybean), Indonesia
and Malaysia (palm oil) and China (rapeseed), which
are used as feedstock for edible vegetable oil [8].
The use of technical sunflower oil, chicken, fish,
pork and beef fats is relevant for Ukraine.

The choice of raw materials depends on their
availability and volumes, for example, the volume
for oils depends on productivity per hectare. In
addition, the content of free fatty acids and moisture
should be taken into account in the raw materials.

Oil from micro-algae
Microalgae are the most efficient biological

producer of natural hydrocarbons in the form of fatty
acids, and therefore a universal renewable source of
biomass suitable for rapid processing into fatty acid
esters.

Currently, a huge number of methods of
cultivating phototrophic microorganisms are used,
but not all of them can ensure a low cost of finished
products [11].

In order to reduce the cost of production, the
development of the technology of cultivation of
microalgae strains on thermal and mineral springs is
relevant. Selection of strains and their characteristics
make it possible to use water resources of different
quality for cultivation of strains with desired
phenotypes and characteristics.

The composition of lipids in cells largely
depends on the type and conditions of cultivation of
microalgae. Microorganisms can change the
biochemical composition of cells (carbohydrates,
proteins, and lipids), reacting to the change in the
concentration of biogenic elements in the nutrient
medium. Nitrogen affects the cellular structure of
microalgae, as it is necessary for the synthesis of
proteins, amino acids, nucleic acids, enzymes, and
photosynthetic pigments [12].

Lack of nitrogenous substances stimulates the
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accumulation of intracellular neutral lipids,
triacylglycerides. The amount of lipids increases by
1.7–15 times. With a lack of nitrogen and an excess
of carbon in the nutrient medium, microalgae can
accumulate up to 88% of oil [11].

Due to unfavorable climatic conditions and
geographical location, growing microalgae biomass
in open sources is not a promising direction for
Ukraine. The use of bioreactors makes it possible to
use industrial waste as a medium and obtain a high
yield of biomass during cultivation.

The work [13] presents a SWOT analysis matrix
of the FAE production from microalgae oil in
Ukraine.

The advantages of production include the
following: the possibility of growing biomass in open/
closed systems, the speed of growth of biomass, a
wide range of biofuels, ecological properties,
reduction of greenhouse gas emissions, and no need
for suitable arable land.

The weaknesses include the following:
dependence on climatic conditions, high viscosity
of algae oil, significant initial capital investment, the
lack of strains for large-scale cultivation, and the
lack of a unified research program in this field.

The production of FAEs from microalgae will
allow reducing dependence on traditional motor fuels,
and rationally using the waste of sugar and pulp
production as a nutrient medium for technological
processes of microalgae cultivation. Nevertheless, this
technology is not competitive in relation to traditional
types of fuels due to the low profitability of production
[13].

Production methods
For the production of FAEs, several types of

units and reactors are used, each of which allows
different operating conditions regarding the chemical
nature of reagents and products, as well as operating
parameters.

Unit of continuous operation
In a continuous process, transesterification is

carried out in two consecutive reaction circuits with
intermediate selection of the formed glycerin, which
allows increasing the product yield. The initial
components are volumetrically dosed by a pump into
the reaction circuit of the first reactor, in which
optimal temperature and pressure are ensured. The
reaction is carried out at a temperature of 90–1100C
and a corresponding pressure of 0.3–0.4 MPa. The
first reactor has a static separator, from which a layer
of FAE and unconverted triglycerides enters the
reaction circuit of the second reactor, where it is
mixed with fresh alcohol and a catalyst. The reaction
products from the bottom of the reactor pass through

a centrifuge in which glycerol is separated, and the
fat flow returns to the reaction circuit of the first
reactor.

FAEs are fed into the vacuum tank of the
methanol selection unit, where they are heated and
undergo deep vacuum cleaning. Alcohol vapors are
condensed in the heat exchanger. After the alcohol
selection unit, FAEs enter the residual alcohol
purification unit using ion exchange resins and the
mechanical impurities filtration unit [14].

This method provides a high yield of FAEs,
continuity of the process and a high reaction rate.
However, the complexity of the technological process
and sufficiently high sensitivity to the quality of raw
materials limit the scope of application [15].

Unit of periodic action
In a batch process, raw materials, catalyst and

alcohol are preloaded into the reactor, where they
are heated to a temperature of 700C. The resulting
mixture is settled and glycerol is separated. The yield
of FAEs is 97%. The obtained esters are processed
in different ways depending on their further
application.

The unit consists of two main groups of modular
units. The first group of modular units of reactors is
required for the chemical and technological process.
The second one consists of storage tanks for raw
materials, finished products and by-products.

The first group of modular blocks consists of
the following:

– reactor No. 1, where proceeds the process
of absorption, purification of raw materials and
bringing them to the required parameters;

– reactor No. 2, in which proceeds the main
reaction;

– reactor No. 3, in which potassium hydroxide
is dissolved in alcohol.

– reactor No. 4, designed for washing FAE
from alcohol and glycerin residues.

Prepared oil (fat) from reactor No. 1 is heated
to 600C and compounded for 15 minutes with a
mixture of alcohol and catalyst from reactor No. 3.
At the end of the process, the mixture is separated
into glycerol and FAE, which are then sent to
washing reactor No. 4 [16]. This unit is distinguished
by the relative simplicity of the technological process,
the low cost of the technological line and the
possibility of using low-quality raw materials. The
disadvantages include the following: a low yield of
FAEs and a long duration of the reaction [15].

Differences in technological schemes of the
FAME production process by transesterification of
vegetable oil with methanol are as follows:

– in the continuous process, pre-purified oil
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(fat) is used, in the periodic process, the raw material
is cleaned of impurities and brought to the required
parameters in reactor No. 1;

– in the continuous process, oil (fat), catalyst,
and alcohol are fed into the reactor separately, in
the batch process, the dissolution of the catalyst in
alcohol takes place in a separate reactor. Prepared
raw materials and a pre-prepared mixture of alcohol
and catalyst are fed into the main reactor;

– mixing in a continuous process is performed
using a hydrodynamic mixer without additional
heating of the mixture in the reactor, and in a batch
process - using a jet pump with constant heating of
the mixture in the transesterification reactor;

– in a continuous process, crude fatty acid esters
undergo vacuum drying and are passed through a
layer of ion-exchange resin (to separate alcohol),
and in a batch process, crude FAE in reactor No. 4
are washed by irrigation with circulating water [16].

Cavitation unit
The operation of cavitation reactors is based on

the effect of cavitation (the formation of gas-filled
cavities in the liquid), which occurs as a result of a
local decrease in pressure in the liquid, which can
occur either with an increase in its speed
(hydrodynamic cavitation) or with the passage of an
acoustic wave of high intensity. Moving along with
the flow to a zone with higher pressure, the cavitation
bubble bursts, causing the appearance of a shock wave.

Cavitation is divided into four main types,
according to the method of creating cavities: acoustic,
hydrodynamic, optical and magnetic pulse. Acoustic
cavitation uses ultrasound to create cavities.
Hydrodynamic cavitation is a phenomenon in which
a large number of cavities are formed due to the
pressure drop of a liquid passing through a
constriction. Optical cavitation is based on pressure
change. Magnetic pulse cavitation differs from the
usual cavitation process by the effect of the magnetic
field on microplasma formations that occur during
active cavitation [17].

Among the four types of cavitation, only
acoustic and hydrodynamic cavitation produce
sufficient intensity required for the FAEs production.

The advantage of cavitation reactors is their
high productivity. However, this may reduce the
quality of FAEs, since the very short time during
which the reagents are mixed does not always ensure
the formation of a high-quality target product.

Membrane reactor-assisted unit
Membrane technologies are able to separate

different elements in a single technological unit. The
membrane reactor ensures the passage of only
components with a smaller molecular size, retaining

components with a large molecular size. This method
strengthens the interaction between the oil and the
catalyst, which allows you to get the maximum yield
of the product.

Alcohol and oil are alternately added to the
mixing tank with a promoter based on CaO and
activated carbon, and then methanol is continuously
introduced. This reactor allows synthesizing FAEs
without additional purification and washing. The
maximum ester conversion of 96.9% was achieved
at 650C for 90 min, alcohol:oil molar ratio of 4.2:1
and catalyst concentration of 3.0 wt.% [9].

This method has significant advantages
compared to traditional ones. When using membrane
technology, a small amount of wastewater is
generated. In addition, the membrane can be used
as a means of treating wastewater generated during
FAE separation and purification [18].

Microwaves-assisted unit
FAEs can be obtained using microwaves with

a frequency between radio and infrared waves, which
accelerate the chemical reaction between alcohol
and raw materials, reducing the reaction time from
hours to minutes. For the transesterification process,
the moisture content and free fatty acids must be
very low; otherwise, the alkaline-type catalyst will
be spent on their neutralization, and the moisture
will form soap and foam, which will make it difficult
to separate the glycerin fraction. It is necessary to
determine the optimal values and the number of
different variables to obtain the maximum yield of
FAEs from different raw materials [8].

In work [19], a continuous flow microwave
reactor was used for the transesterification of palm
oil with methanol; a FAME yield of 99.4% was
achieved at 400 W for 1.75 min.

Purification of the target product
Separation of FAEs from catalysts, excess

alcohol, glycerin and unreacted oil residues is
essential to ensure the required quality and engine
protection. The choice of cleaning methods depends
on the catalyst used.

In the presence of alkali, the following side
processes occur along with the main reaction:
neutralization of free fatty acids, and saponification
of mono-, di-, triglycerides of higher fatty acids and
FAEs [6]. The number of saponification products
increases with an increase in the concentration of
the catalyst over 1.3%, the duration of the process,
and an increase in temperature up to 500Ñ.

When using a homogeneous alkaline catalyst,
washing with water is used [20]. This stage involves
washing first with acidified water, and then with
neutral water to remove impurities dissolved in water,
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alcohol and glycerin residues. However, this method
is unsuitable for washing FAE produced using
heterogeneous catalysts, as it leads to the formation
of calcium soap.

The precipitation method is used to remove
calcium ions (heterogeneous reactions catalyzed by
CaO) using various precipitants such as oxalic and
citric acids, and the resulting precipitate can be easily
removed by precipitation.

FAEs produced using enzymes and
heterogeneous bio-based catalysts are removed by
centrifugation.

There are two main methods of vacuum drying.
According to the first method, FAE(1) is separated
from the glycerol fraction, washed with a weak
organic acid solution, then with water and dried under
vacuum. According to the second method, FAE(2)
is isolated from the reaction mixture without prior
preparation by vacuum distillation at a pressure of
100–130 Pa and a temperature of 170–2200C. This
method makes it possible to obtain a product of
maximum purity, but with a lower yield, which

decreases in proportion to the yield of the cubic
residue. Vacuum distillation allows obtaining 99.8%
of methanol [21]. The recovered methanol and
heterogeneous catalysts can be recycled back into
the process. Crude glycerin can be used as a raw
material for other chemical processes, but it contains
a high amount of impurities (soap, alcohol,
glycerides, etc.) that prevent its direct use. To solve
this problem, methods of neutralization,
microfiltration, and exchangeable resins are used to
process raw glycerin.

The reduced density and viscosity of FAE(2),
purified by vacuum distillation, is caused by the
increased content of esters with a shorter length of
the hydrocarbon radical. FAEs(2) are distinguished
by a higher flash point and lower moisture content,
which is due to the distillation of volatile components
at high temperatures, as well as lower acid numbers,
since free fatty acids mainly remain in the cubic
residue.

The main differences in the characteristics of
FAE(1) and FAE(2) are the high content of esters

The test results are actually 

received 

Parameter 

Value according 

to the state 

standard DSTU 

6081:2009 

Unit of 

periodic 

action 

Unit of 

continuous 

operation 

Cavitation 

unit 

Mass fraction of esters, %, not less than 96.5 96.5 98 96 

Density at a temperature of 150С, kg/m3, within 860–900 879.7 881.2 883 

Kinematic viscosity at a temperature of 400С, mm2/s, within 3.5–5.0 4.94 4.97 3.74 

Flash point in a closed crucible, 0С, not less than 120 170 164 48 

Mass fraction of sulfur mg/kg, not more than 10 absence absence absence 

Coking, %, not more than 0.30 0.08 0.08 0.20 

Ash content, % by weight, no more than 0.02 0.001 0.001 0.01 

Mass fraction of water: %, not more than 0.05 0.03 0.04 0.06 

The content of mechanical impurities:     

mg/kg, not more than 24    

%, not more than absence absence absence absence 

Copper strip corrosion rating (3 hours at a temperature of 500С) 
withstand the 

test. Class 1 

withstand 

the test 

withstand 

the test 

withstand 

the test 

Acid number, mg KOH per g, not more than 0.50 0.50 0.50 1.07 

Iodine number, g of iodine per 100 g, not more than 120 56.4 55.6 31.2 

Mass fraction of methanol, %, not more than 0.20 0.1 0.1 1.0 

Mass fraction of monoglycerides, %, not more than 0.80 0.6 0.78 0.8 

Mass fraction of diglycerides, %, not more than 0.20 0.17 0.19 0.32 

Mass fraction of triglycerides, %, not more than 0.20 0.20 0.18 0.2 

Mass fraction of free glycerol, %, not more than 0.02 0.02 0.018 0.02 

Mass fraction of alkali metals:     

(Na+K), mg/kg, not more than 5.0 3 4 10 

(Ca+Mg), mg/kg, not more than 5.0    

Mass fraction of phosphorus mg/kg, not more than 10 8 8 9 

 

Test results on batch process, continuous process and cavitation reactor units
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in FAE(2), as well as low resistance to oxidation.
Oxidation resistance is due to the presence of fat-
soluble antioxidant vitamins (tocopherols), the
amount of which decreases during refining.
Depending on the refining method, the concentration
of tocopherols in vegetable oils decreases by 25–
70%, which leads to a decrease in resistance to
oxidation.

Up to 14% of tocopherols and half of sterols
go into the glycerol fraction. During vacuum
distillation, natural antioxidants remain in the cubic
residue, so FAE(2) does not contain them. The
content of tocopherols in FAE(1) is quite high, which
provides the necessary resistance to oxidation. Thus,
the resistance to the FAEs oxidation depends
significantly on the method of their purification [6].

Physicochemical properties of various FAEs
Comparison of the physicochemical parameters

of FAEs obtained using various technological
processes was carried out. The results of the FAE
tests, obtained in batch and continuous units, as
well as in a cavitation reactor, are shown in Table.
All test results given are averages for two different
continuous-action units, four batch-type units and
four cavitation units.

The necessary viscosity and density of the fuel
ensure normal fuel supply and atomization in the
combustion chamber. The obtained results are within
the limits allowed by the standards.

The flash point in a closed crucible on batch
and continuous units is more than 1700Ñ, so this
fuel is more fire-explosive. The low flash temperature
of FAEs, 480Ñ, obtained on the cavitation unit can
lead to engine problems [22].

Methyl esters of fatty acids do not contain
sulfur, as they are made from vegetable raw materials.

Coking does not exceed the norms according
to the Ukrainian state standards (DSTU), therefore,
when burning in the engine, the fuel will not form
deposits on the parts.

The mass fraction of water in the samples
obtained at intermittent and continuous units does
not exceed the norm, but it is more than the
permissible norm at cavitation units. This indicates
the quality of product separation.

The test on a copper plate characterizes the
presence of sulfur and the ability of fuels not to
cause corrosion of the engine fuel system parts made
of copper-containing alloys. This parameter meets
the requirement.

The mass fractions of monoglycerides,
diglycerides, triglycerides, free glycerol and methanol,
the acid number in the fuel, obtained at intermittent
and continuous units, meet the norms according to

the DSTU.
In the samples obtained at the unit using the

cavitation process, the above-mentioned parameters
do not meet the standards. The mass fraction of
alkali metals (Na+K) also exceeds the norm, which
indicates that the catalyst is not completely separated
during the production process.

Modern units of periodic operation allow
obtaining FAEs of sufficiently high quality. An
important factor is high-quality and complete settling
and purification of the obtained fatty acid esters.
This is also characteristic of the continuous
production process.

Cavitation units usually produce fuel with a
low flash point, high methanol content, and alkali
metal content. We believe that these units will require
a FAE separation and purification unit to remove
unreacted source components taking into account
the specifics of the cavitation process.

Conclusions
Currently, biofuel is considered in Ukraine as

a significant alternative to traditional energy
resources. We have considered raw materials, catalysts
and methods of production of fatty acid esters. The
use of non-edible and waste oils and fats as raw
materials is promising. Fatty acid esters produced
from microalgae oil provide a more sustainable and
environmentally friendly alternative to fossil fuels,
but such production is currently not economically
feasible. Heterogeneous catalysts are more commonly
used due to the ease of their recovery and reuse
compared to homogeneous catalysts. In addition,
they are more environmentally friendly and can work
on units in a continuous mode.

Various production methods can provide high
yields of the target product in a short reaction time
and at a lower alcohol/oil ratio. All production
methods considered in this paper showed a yield of
fatty acid esters of more than 95%. The
physicochemical parameters of FAEs obtained at
intermittent and continuous units meet the
requirements of the standards. The quality of FAEs
samples obtained at cavitation units can be improved
by using the process of separation and purification
from alcohol, catalyst and glycerin residues.

The economy of the production process can
be improved by integrating the production process
with the recovery process and converting the by-
products into other valuable products.

In the conditions of the fuel crisis, in order to
ensure the energy independence of the state, it is
advisable to reduce the export of oil crops, use of
non-edible fats for the production of motor fuel
components.



24

O.B. Shevchenko, D.V. Popytailenko

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2023, No. 4, pp. 17-25

REFERENCES

1. Heterogeneous catalysts for conversion of biodiesel-waste

glycerol into high-added-value chemicals / Tabassum N., Pothu R.,

Pattnaik A., Boddula R., Balla P., Gundeboyina R, et al. //

Catalysts. – 2022. – Vol.12. – Art. No. 767.

2. A biorefinery approach to biodiesel production from castor

plants / Sandoval-Salas F., Mendez-Carreto C., Ortega-Avila G.,

Barrales-Fernandez C., Hernandez-Ochoa L.R., Sanchez N. //

Processes. – 2022. – Vol.10. – Art. No. 1208.

3. Carlucci C. An overview on the production of biodiesel

enabled by continuous flow methodologies // Catalysts. – 2022.

– Vol.12. – Art. No. 717.

4. Patent landscape review on biodiesel production:

technology updates / Mahlia T.M., Syazmi Z.A.H.S., Mofijur M.,

Pg Abas A.E., Bilad M.R., Ong H.C., et al. // Renewable

Sustainable Energy Rev. – 2020. – Vol.118. – – Art. No. 109526.

5. Zhuk H.V. Perspektyvy vyrobnytstva alternatyvnoho

avtomobilnoho palyva v Ukraini // Visn. Nats. Akad. Nauk Ukr.

– 2022. – Vol.8. – P.19-24.

6. Influence of production technology on characteristics of

methyl esters of higher fatty acids / Antonova Z.A., Maksimuk Y.V.,

Kruk V.S., Kursevich V.N. // Chem. Technol. Fuels Oils. –

2012. – Vol.48. – No. 3. – P.169-174.

7. An application of non-edible oils, bio-base catalyst, and

process optimization as an economical route for a hybridized oil

biodiesel synthesis / Adepoju T.F., Etim V.I., Uzono R.I.,

Balogun T.A., Emberru E.R. // Case Stud. Chem. Environ. Eng.

– 2022. – Vol.6. – Art. No. 100231.

8. Methods for biodiesel production / Gul M., Mujtaba M.A.,

Masjuki H.H., Kalam M.A., Zulkifli N.W.M. // Biodiesel

Technology and Applications. – USA: Scrivener publishing. –

2021. – P.267-284.

9. Olagunju O.A., Musonge P., Kiambi S.L. Production and

optimization of biodiesel in a membrane reactor, using a solid

base catalyst // Membranes. – 2022. – Vol.12. – Art. No. 674.

10. Production of biodiesel under supercritical conditions:

state of the art and bibliometric analysis / Andreo-Martinez P.,

Ortiz-Martinez V.M., Garcia-Martinez N., de los Rios A.,

Hernandez-Fernandez F.J., Quesada-Medina J. // Appl. Energy.

– 2020. – Vol.264. – Art. No. 114753.

11. Vozmozhnosti ispolzovaniya termalnykh i mineralnykh

istochnikov Respubliki Kazakhstan kak sredy dlya kultivirovaniya

mikrovodorosley – produtsentov biodizelya / Sarsekeyeva F.K.,

Bolatkhan K., Saparkhan E.S., Sandybayeva S.K., et al. //

Eurasian J. Ecol. – 2022. – Vol.71. – No. 2.– P.34-43.

12. A review on biodiesel production from microalgae:

Influencing parameters and recent advanced technologies /

Zhang S., Zhang L., Xu G., Li F. // Front. Microbiol. – 2022. –

Vol.13. – Art. No. 970028.

13. Yakovlieva A., Boichenko S. Energy efficient renewable

feedstock for alternative motor fuels production: solutions for

Ukraine // Systems, decision and control in energy I, studies in

systems. – 2020. – Vol.298. – P.267-284.

14. Hydrated metal salt pretreatment and alkali catalyzed

reactive distillation: a two-step production of waste cooking oil

biodiesel / Grosmann M.T., Andrade T.A., Bitonto L., Pastore C.,

et al. // Chem. Eng. Process. Process. Intensif. – 2022. – Vol.176.

– Art. No. 108980.

15. Palamarenko Ya.V. Ekonomichna efektyvnist diialnosti

silskohospodarskykh kooperatyviv z vyrobnytstva biodyzelia //

Ekonomika i Suspilstvo. – 2018. – Vol.17. – P.138-147.

16. Small-scale biodiesel production plants – an overview /

De Paola M.G., Mazza I., Paletta R., Lopresto C.G., Calabro V.

// Energies. – 2021. – Vol.14. – Art. No. 1901.

17. Kolhe N.S., Gupta A.R., Rathod V.K. Production and

purification of biodiesel produced from used frying oil using

hydrodynamic cavitation // Resource-Efficient Technol. – 2017.

– Vol.3. – No. 2. – P.198-203.

18. Optimization of continuous biodiesel production from

rubber seed oil (RSO) using calcined eggshells as heterogeneous

catalyst / Sai B.A., Subramaniapillai N., Begum K.S., Narayanan A.

// J. Environ. Chem. Eng. – 2020. – Vol.8. – Art. No. 103603.

19. Biodiesel production in a novel continuous flow

microwave reactor / Choedkiatsakul I., Ngaosuwan K.,

Assabumrungrat S., Mantegna S., Cravotto G. // Renew. Energy.

– 2015. – Vol.83. – P.25-29.

20. Purification technologies for crude biodiesel obtained

by alkali-catalyzed transesterification / Stojkoviñ I.J,

Stamenkoviñ O.S, Povrenoviñ D.S, Veljkoviñ V.B. // Renew.

Sust. Energy Rev. – 2014. – Vol.32. – P.1-15.

21. De R., Bhartiya S., Shastri Y. Multi-objective

optimization of integrated biodiesel production and separation

system // Fuel. – 2019. – Vol.243. – P.519-532.

22. Estimation of resistance of engine rubber sealants to

influence of mixed diesel fuel / Shevchenko O.B., Zybailo S.I.,

Sukhyi K.M., Holovenko V.O., Popytailenko D.V. // Voprosy

Khimii i Khimicheskoi Tekhnologii. – 2021. – No. 5. – P.118-123.

Received 22.02.2023

Ì²Í²-ÎÃËßÄ ÌÅÒÎÄ²Â ÎÄÅÐÆÀÍÍß Á²ÎÄÈÇÅËß ÒÀ
ÉÎÃÎ ÂËÀÑÒÈÂÎÑÒ²

Î.Á. Øåâ÷åíêî, Ä.Â. Ïîïèòàéëåíêî

Åñòåðè æèðíèõ êèñëîò (ÅÆÊ) ïðèâåðòàþòü óâàãó â óñüî-
ìó ñâ³ò³ çàâäÿêè åêîëîã³÷íîñò³, â³äíîâëþâàíîñò³ é ìîæëèâîñò³
¿õ çàñòîñóâàííÿ ÿê äîáàâêè äî òðàäèö³éíîãî äèçåëüíîãî ïàëè-
âà. Ïîòî÷íà åíåðãåòè÷íà êðèçà â Óêðà¿í³ ìîæå áóòè âèð³øåíà
ò³ëüêè çà óìîâè ðàö³îíàëüíîãî âèêîðèñòàííÿ âñ³õ äæåðåë
åíåðã³¿ òà ïîøóêó àëüòåðíàòèâíèõ. Ñåðåä íèõ âàæëèâó ðîëü
ìàþòü â³ä³ãðàâàòè òåõíîëîã³¿ ç âèêîðèñòàííÿì ÅÆÊ. Ó ñòàòò³
ðîçãëÿíóòî ð³çí³ âàð³àíòè ïðîöåñó ïåðååòåðèô³êàö³¿ ÅÆÊ:
íåêàòàë³òè÷íèé òà êàòàë³òè÷íèé, íàâåäåíî ³íôîðìàö³þ ïðî
ð³çí³ âèäè êàòàë³çó. Ïðîâåäåíèé îãëÿä ñèðîâèíè âèðîá-
íèöòâà ÅÆÊ ð³çíîãî ïîõîäæåííÿ, íàâåäåíà õàðàêòåðèñòèêà
³ñíóþ÷èõ óñòàíîâîê òà ìåòîä³â âèðîáíèöòâà ÅÆÊ. Ïðîàíàë³-
çîâàíî îñíîâí³ ïåðåâàãè é íåäîë³êè âèùåâêàçàíèõ àñïåêò³â
âèðîáíèöòâà ÅÆÊ. Çä³éñíåíî ïîð³âíÿííÿ ô³çèêî-õ³ì³÷íèõ õà-
ðàêòåðèñòèê ÅÆÊ, îäåðæàíèõ ð³çíèìè ìåòîäàìè. Íàäàíî ðå-
êîìåíäàö³¿ äî ÷àñòêîâîãî ïîäîëàííÿ íàÿâíî¿ ïàëèâíî¿ êðèçè
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â Óêðà¿í³ çà äîïîìîãîþ âèðîáíèöòâà á³îïàëèâà.

Êëþ÷îâ³ ñëîâà: åñòåð, æèðíà êèñëîòà, îëèâà, ñïèðò,
êàòàë³çàòîð, òåõíîëîã³ÿ, ïàëèâî.
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Fatty acid esters (FAEs) attract attention worldwide due
to their environmental friendliness, renewable nature and the
possibility of their use as additives to traditional diesel fuel. Current
energy crisis in Ukraine can be solved only under the condition
of rational use of all energy sources and search for alternative
ones. Among them, the technologies involving FAEs play an
important role. The paper discusses various options for the
transesterification process of FAEs: non-catalytic and catalytic
ones. Information is provided about different types of catalysis.
Different raw materials for the production of FAEs of various
origins are overviewed. The characteristics of existing installations
and methods of the FAE production are given. The main
advantages and disadvantages of the above-mentioned aspects of
the FAE production are analyzed. Comparison of the
physicochemical characteristics of FAEs obtained by different
methods is made. Recommendations are given to partially
overcome the existing fuel crisis in Ukraine with the help of
biofuel production.

Keywords: ester; fatty acid; oil; alcohol; catalyst;
technology; fuel.

REFERENCES

1. Tabassum N, Pothu R, Pattnaik A, Boddula R, Balla P,
Gundeboyina R, et al. Heterogeneous catalysts for conversion of
biodiesel-waste glycerol into high-added-value chemicals.
Catalysts. 2022; 12: 767. doi: 10.3390/catal12070767.

2. Sandoval-Salas F, Mendez-Carreto C, Ortega-Avila G,
Barrales-Fernandez C, Hernandez-Ochoa LR, Sanchez N. A
biorefinery approach to biodiesel production from castor plants.
Processes. 2022; 10: 1208. doi: 10.3390/pr10061208.

3. Carlucci C. An overview on the production of biodiesel
enabled by continuous flow methodologies. Catalysts. 2022; 12:
717. doi: 10.3390/catal12070717.

4. Mahlia TM, Syazmi ZAHS, Mofijur M, Pg Abas AE,
Bilad MR, Ong HC, et al. Patent landscape review on biodiesel
production: technology updates. Renewable Sustainable Energy

Rev. 2020; 118: 109526. doi: 10.1016/j.rser.2019.109526.
5. Zhuk HV. Perspektyvy vyrobnytstva alternatyvnoho

avtomobilnoho palyva v Ukraini [Prospects for the reliability of
alternative automotive fuel in Ukraine]. Visn Nats Akad Nauk Ukr.
2022; (8): 19-24. (in Ukrainian). doi: 10.15407/visn2022.08.019.

6. Antonova ZA, Maksimuk YV, Kruk VS, Kursevich VN.
Influence of production technology on characteristics of methyl
esters of higher fatty acids. Chem Technol Fuels Oils. 2012; 48:
169-174. doi: 10.1007/s10553-012-0354-z.

7. Adepoju TF, Etim VI, Uzono RI, Balogun TA, Emberru ER.
An application of non-edible oils, bio-base catalyst, and process
optimization as an economical route for a hybridized oil biodiesel
synthesis. Case Studies in Chemical and Environmental Engineering.
2022; 6: 100231. doi: 10.1016/j.cscee.2022.100231.

8. Gul M, Mujtaba MA, Masjuki HH, Kalam MA,
Zulkifli NWM. Methods for biodiesel production. In: Inamuddin,
Ahamed MI, Boddula R, Rezakazemi M, editors. Biodiesel

Technology and Applications. 2021. pp. 267-284.
doi: 10.1002/9781119724957.ch9.

9. Olagunju OA, Musonge P, Kiambi SL. Production and
optimization of biodiesel in a membrane reactor, using a solid
base catalyst. Membranes. 2022; 12: 674.
doi: 10.3390/membranes12070674.

10. Andreo-Martinez P, Ortiz-Martinez VM, Garcia-
Martinez N, de los Rios A, Hernandez-Fernandez FJ, Quesada-
Medina J. Production of biodiesel under supercritical conditions:
state of the art and bibliometric analysis. Appl Energy. 2020; 264:
114753. doi: 10.1016/j.apenergy.2020.114753.

11. Sarsekeyeva FK, Bolatkhan K, Saparkhan ES,
Sandybayeva SK. Possibilities of using thermal and mineral springs
of the Republic of Kazakhstan as a medium for the cultivation of
microalgae – biodiesel producers. Eurasian J Ecol. 2022; 71(2):
34-43. doi: 10.26577/EJE.2022.v71.i2.04.

12. Zhang S, Zhang L, Xu G, Li F, Li X. A review on
biodiesel production from microalgae: Influencing parameters and
recent advanced technologies. Front Microbiol. 2022; 13: 970028.
doi: 10.3389/fmicb.2022.970028.

13. Yakovlieva A, Boichenko S. Energy efficient renewable
feedstock for alternative motor fuels production: solutions for
Ukraine. In: Babak V, Isaienko V, Zaporozhets A, editors. Systems,

Decision and Control in Energy I. Studies in Systems, Decision and

Control. 2020; 298: 247-259. doi: 10.1007/978-3-030-48583-2_16.
14. Grosmann MT, Andrade TA, di Bitonto L, Pastore C,

Corazza ML, Tronci S, et al. Hydrated metal salt pretreatment
and alkali catalyzed reactive distillation: a two-step production
of waste cooking oil biodiesel. Chem Eng Process Process Intensif.
2022; 176: 108980. doi: 10.1016/j.cep.2022.108980.

15. Palamarenko YaV. Ekonomichna efektyvnist diialnosti
silskohospodarskykh kooperatyviv z vyrobnytstva biodyzelia
[Economic effectiveness of the activities of agricultural cooperatives
in the production of biodiesel]. Ekonomika i Suspilstvo. 2018; 17:
138-147.

16. De Paola MG, Mazza I, Paletta R, Lopresto CG,
Calabro V. Small-scale biodiesel production plants – an overview.
Energies. 2021; 14; 1901. doi: 10.3390/en14071901.

17. Kolhe NS, Gupta AR, Rathod VK. Production and
purification of biodiesel produced from used frying oil using
hydrodynamic cavitation. Resource-Efficient Technol. 2017; 3: 198-
203. doi: 10.1016/j.reffit.2017.04.008.

18. Sai BA, Subramaniapillai N, Begum KS, Narayanan A.
Optimization of continuous biodiesel production from rubber seed
oil (RSO) using calcined eggshells as heterogeneous catalyst.
J Environ Chem Eng. 2020; 8: 103603.
doi: 10.1016/j.jece.2019.103603.

19. Choedkiatsakul I, Ngaosuwan K, Assabumrungrat S,
Mantegna S, Cravotto G. Biodiesel production in a novel
continuous flow microwave reactor. Renew Energy. 2015; 83: 25-
29. doi: 10.1016/j.renene.2015.04.012.

20. Stojkoviñ IJ, Stamenkoviñ OS, Povrenoviñ DS,
Veljkoviñ VB. Purification technologies for crude biodiesel
obtained by alkali-catalyzed transesterification. Renew Sustainable

Energy Rev. 2014; 32: 1-15. doi: 10.1016/j.rser.2014.01.005.
21. De R, Bhartiya S, Shastri Y. Multi-objective

optimization of integrated biodiesel production and separation
system. Fuel. 2019; 243: 519-532. doi: 10.1016/j.fuel.2019.01.132.

22. Shevchenko OB, Zybailo SÌ, Sukhyi KM,
Holovenko VO, Popytailenko DV. Estimation of resistance of
engine rubber sealants to influence of mixed diesel fuel. Voprosy

Khimii i Khimicheskoi Tekhnologii. 2021; (5): 118-123.
doi: 10.32434/0321-4095-2021-138-5-118-123.


