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Abstract: Manufacturing and the further utilization of biogas is an efficient way of complementing
or replacing primary energy resources. Ukraine has followed the global tendency to substitute fossil
energy sources with renewable ones, which particularly includes biogas. Considering the experience
of European countries, as well as the potential and needs of Ukraine, the necessity of biogas plant
building implies three main factors: obtaining the energy sources, selling agricultural products
and by-products of biogas production, and managing the environmental issues surrounding biogas
generation. The growth dynamics of biogas plants and their productivity were analyzed for the
period of 2012–2019. In doing so, the capacity and potential capabilities of biogas production in
Ukraine by means of biological waste and agricultural raw materials were assessed. The article
focuses on the importance of resolving the issues of sanitary and technogenic protection in biogas
plant building and biogas manufacturing. It also points out the reasons that prevent Ukraine from
going forward with biogas projects, as well as the main factors that affect biogas plant viability
and efficiency. Based on the statistical data of previous years and regression analysis, the authors
calculated the production output and biogas transformation. Herein, the trend model and Excel
software were applied.

Keywords: biogas; biogas power plants; biogas waste; agricultural raw material

1. Introduction

The overall development of a country depends on the production output of its indus-
trial, agricultural, and service sectors. Nevertheless, an extensive increase in production is
not always beneficial in terms of social and economic welfare. In a situation of constant
deterioration of the ecological state in the entirety of a nation, region, or a local community,
the minimization of the negative influence on the natural environment becomes the bottom
line. A modern solution to the problem of economic development in a country such as
Ukraine is transiting to resource-efficient, environmentally safe, low-waste technologies.
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However, this process is complex, capital intensive, and implies the rejection of more
traditional means of manufacturing [1].

Thus, great attention is paid to searching for new technologies and improving the
current ones by enhancing their economic efficiency level and expanding their scope of
use. One of the most prominent directions of energy development in the world is making
the best possible use of renewable energy sources and, hence, increasing their share in the
overall energy resource supply. This last is predicated by the necessity of decreasing the
number of harmful emissions in the atmosphere and reducing dependence upon imported
energy sources [2].

In recent years, renewable energy sources have become one of the main criteria of
energy security throughout the world. The principal reasons are the prospected depletion
of fossil fuels, the rapid price increase of energy sources, uncertainty of stability of supply,
and reliability of procurement. Moreover, the negative effect on the environment is leading
to grave consequences that concern society in more ways that are becoming explicit. In
many countries, renewable energy utilization significantly augments current energy capaci-
ties, thus, delivering security and enhancing the social and economic situation. Ukraine,
unfortunately, may be listed among those that are dependent on energy resource imports.
Consequently, the development of renewable energy is crucial to expanding its state of
energy security. A reduction in expensive energy source imports will lead to a decrease
in Ukraine’s dependency upon other nations and prevent instability related to ongoing
energy crises [2].

One further reason for the increased utilization of renewable energy sources is that in
order to ensure economic development, overall energy consumption has become higher
since the normal functioning of industrial enterprises, thermal power stations, and transport
activities need a constant flow of energy inputs. The main sources of energy are coal,
natural gas, gasoline, kerosene (paraffin), and mazut (which are derived from petroleum).
Meanwhile, vehicle engines, industrial facilities, and thermal power stations increase carbon
dioxide emissions (a greenhouse gas). The reduction of CO2 emissions by transitioning
to the use of renewable energy sources and lowering the energy capacity of businesses is
the primary means of combating climate change. Renewable and ecologically safe energy
sources are recognized as being the most auspicious way to accomplish this goal [3].

The production of renewable energy becomes especially significant in the context of
global alterations of climate conditions. However, some countries possess certain features
that expand the role of ecologically beneficial energy. Ukraine can be mentioned as an
example of a nation that is not self-sufficient in terms of energy delivery and is heavily
dependent on weakly diverse energy source imports. This systematically leads to socio-
economic tensions with geopolitical consequences [4].

In recent years, due to the global energy crisis, agricultural production and waste have
come to be perceived as potential fuel sources. Waste products of plant production are, for
example, created in enterprises that process agricultural crops. In Ukraine, the utilization of
plant by-products began in the year 2000 with the construction of a pilot plant generating
electricity by burning straw. This had a capacity of 980 kW/h. The technology was based
on the Danish experience. In the short time since, the Ukrainian company UTEM has begun
to produce similar boilers using a license agreement made with the Danish firm BWSC [5].

Nowadays, it is impossible to anticipate ecological crises and not make use of modern
eco-biotech technologies involving the processing of solid and fluid waste generated during
agro-industrial production. However, the prospects for the successful development of
the biogas industry need more fundamental analysis, wherein economic, ecological, and
sociological factors are taken into consideration [6].

Obtaining biogas from organic leftovers that come from the agricultural sector is
considered to be an important vector of renewable energy development. The potential of
Ukraine in terms of biogas production is enormous since the country has a well-developed
agro-industry, the leftovers of which generate a perfect raw material base. The energy
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that is received from biomass, therefore, can become a tangible substitute for ‘traditional’
carbohydrate fuel.

Biogas can be used in different ways. It can be burned in heating installations, for
example, or, in its enriched form, it can be employed in vehicle engines as a fuel. Moreover,
cogeneration plants can produce electricity, which then can be sold or used in the manu-
factories’ own production. Biofuel production requires a biogas complex, an engineering
and technical facility that processes organic waste into biomethane. Ukraine has great
raw material opportunities and favorable tariffs for electricity from renewable sources, so
biogas is promising for the development of renewable energy [7].

Ukraine has highly developed agricultural sectors that annually produce a large
number of wastes and residues [8]. Today, agricultural waste is considered a valuable
secondary energy resource. Developed agricultural production has a strong potential for
biogas production, which can be produced from a wide range of organic substrates of
both animal and plant origin. The advantage of biomass is its renewability and relatively
cheap cost compared to traditional fuels. The benefits of using the potential of biomass
and household waste are quite significant because raw materials in the form of litter and
various types of waste are available throughout Ukraine. It is also important that modern
biofuel plants are relatively compact and can employ different types of raw materials. This
versatility allows them to be placed in close proximity to facilities that are planned to
provide energy or heat from these resources [2].

Considering all the features and specific conditions, a properly designed biogas com-
plex is able not only to recoup the cost of its construction but also, in the long run, to bring
additional income from the sale of electricity at a green tariff. Today, renewable energy
shows an annual increase of 1% in market share, which will only increase with time. In
addition to the impact on the environment in the form of reducing carbon emissions and
disposal of livestock and crop waste, the development of the biogas market will reduce
dependence on fossil fuels, hasten biotechnical and bioengineering development, and
smooth peak loads in the grid by connecting additional cogeneration facilities [9].

The benefits of using biogas are not only found in the production of alternative energy
but also in that it is the solution to a myriad of environmental problems because, through
proper disposal and processing of agricultural and household waste, biogas production
can prevent methane emissions into the atmosphere. In addition, the uncontrolled growth
in household and industrial waste leads to problems of land and water pollution due to
loss of containment in landfills and implies a considerable cost for disposal. Given that the
cost of fossil resources is growing and that they are a limited resource, the development
of alternative energy is inevitable. This is driven not only by the ever-deteriorating envi-
ronmental situation but also by economic expedience. Each new biogas complex reduces
dependence on purchased fuel and, ultimately, indirectly affects the country’s economy [3].

These factors are relevant, have practical significance, and have determined the choice
of the research topic. In this context, the study aims to analyze the current state and
prospects of biogas production and use in Ukraine and assess the economic, environmental,
and social effects and benefits of biogas production. The materials used in the study are the
following: information from the State Agency for Energy Efficiency and Energy Saving of
Ukraine, the State Statistics Committee of Ukraine, and scientific articles of domestic and
foreign scientists on the research topic.

Recently, the problems of production and use of biogas have been the subject of
numerous researches by foreign and domestic scientists. Accordingly, one of the promising
areas of energy saving in agricultural enterprises is the production of biogas as a type of
renewable energy source. The main advantage of biogas production is the opportunity to
make use of available and inexhaustible sources of industrial, domestic, and agricultural
waste raw materials [10].

Implementation of biogas projects in Ukraine will bring about moderate structural
changes; initially, these will take the form of a slowdown in coal production, natural gas,
steam, and hot water supply. In the longer term, the largest change will be observable
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in the case of coal, the demand for which is declining due to its replacement with solid
and gaseous biofuels. However, expanded use of biogas projects requires significant
modernization of existing energy networks and infrastructure [11].

In the European Union (EU), the use of biogas is mainly aimed at producing electricity
and heat. However, there are cases of converting biogas into biomethane, which is intro-
duced into the natural gas network or used as biofuel in vehicles. In this last direction, the
current reality in several countries of the north-central part of the European Union deserves
attention, as these have implemented effective policies to promote the use of biomethane
for public and private transport [12].

2. Materials and Methods

Biogas production mainly depends on the availability of appropriate raw materials.
Ukraine has a well-developed agriculture sector, the waste of which provides an excellent
raw material base. However, biogas plants for biogas production must be installed and
conditions created to ensure their operation. To assess the dynamics of biogas production in
some EU countries and Ukraine, in this paper, data on the availability of biogas plants and
their capacity were collected. The main sources of data used in the study were published
materials of the State Agency for Energy Efficiency and Energy Saving of Ukraine and the
Bioenergy Association of Ukraine [13]. The use of graphical research methods allowed
bringing to light the technical potential of biogas production in Ukraine compared to some
EU countries. In analyzing the dynamics of biogas production in some EU countries and
Ukraine, we can see a different range of opportunities for biogas production. In Germany,
for example, this process has developed steadily and yielded high results, as evidenced by
the indicators of installed capacity and their use for the development of biogas production.

Based on the data of the State Agency for Energy Efficiency and Energy Saving of
Ukraine, it is determined that the main beneficiaries of the biogas energy market in Ukraine
are its large sugar factories, as they have a large number of raw materials. This means, in
addition to sugar production, they can produce electricity from cellulose and earn money
by selling it. Biogas production can also be carried out on small livestock farms, provided
that energy crops are grown on small plots and added to livestock waste. In general, the
larger the farm, the greater the capacity of the biogas complex it can economically build.
The payback period of biogas plants is important here. Investors are interested in facilities
with a payback period of 2 to 3 years, which can be provided by installations with a capacity
of 2.5–3 MW. For a 1 MW installation, the payback period will be up to 4 years, but the farm
must have a sufficient raw material base. Such an agribusiness venture could be a farm for
10,000 head of cattle [14]. The Biogas Association of Ukraine demonstrates, however, that
agricultural biogas plants with a capacity of 100–300 kW cannot be repaid in fewer than 6
or 8 years, and special credit programs for farms do not yet exist. It is noted that at the end
of 2019, of the planned 290 MW of electricity capacity, only 86 MW was brought about via
biogas (29.7%) [15].

According to the materials of the State Information and Analytical Center, economic,
environmental, and social aspects of biogas production and use are characterized by the
need to develop and implement biogas technologies. The analysis of the positive effects
obtained from the implementation of biogas projects reveals that each new biogas complex
reduces dependence on purchased fuel and indirectly affects the country’s economy. The
economic, ecological, and social effects of the implementation of biogas projects have been
researched and assessed as positive. The potential for biogas production was estimated at
9633.4 million m3/h. However, currently, almost no biogas plant in Ukraine has achieved
the desired efficiency of electricity production [16].

Using the Ordinary Least Squares regression (OLS) method, we analyzed the dynamics
of biogas production and conversion at thermal power plants (TPP) and heat plants (HP)
and calculated the forecast indicators of biogas production and conversion. This made
it possible to compile a linear equation that best corresponds to a set of ordered pairs by
finding the values for (a) and (b), the coefficients in the equation of the line.
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The study used a dependence that describes the linear trend equation y = a + bx, which
assumes a linear relationship between the input variables (x) and the single output variable
(y) and the slope of the regression equation (a), the constant of equation (b).

The resulting graphs of the linear trend illustrate the relationship between the periods
and volumes of output and converted products and the coefficient of determination (R2).
This made it possible to estimate the density of the relationship between the studied
phenomena, which is determined by a quantitative value.

The coefficient of determination was calculated by the formula:

R2 =
RSS
TSS

(1)

where R2—coefficient of determination;
RSS—sum of squares of residuals;
TSS—total sum of squares.
The closer R2 is to 1, the more reliable the trend line, i.e., a better-defined relationship

is generated that reflects the relationship between values and the trend towards positive or
negative changes. For the trend line of biogas production, the linear equation of the trend
y = 348.4x + 473, R2 = 0.8925, which determines a high level of density of connection be-
tween values. For the trend line of conversion to thermal power plants, y = 418.3x − 263.9,
R2 = 0.9753 characterizes the relationship between values as a significantly high degree of
reliability, i.e., linear regression equation corresponds to the sample data. For the trend line
of biogas conversion to heat plants, y = −69.9x + 736.9, R2 = 0.2549, which confirms the
weak bond density and predicts a decrease in these indicators in the future.

The forecast of biogas production and conversion was calculated on the basis of
data from previous periods using regression analysis and Excel spreadsheet editor, which
allowed assessing the degree of relationship between variables and predicting the value of
a variable based on known values. The resulting trend lines are a geometric reflection of
the average values of the analyzed indicators, which, with the help of regression analysis,
were expanded beyond the available data to predict future values until 2024. Statistics on
biogas production and conversion for the period 2015–2019 helped obtain graphs showing
the forecast values of biogas production for 2020–2024.

3. Results

The modern world is faced with the need to solve the problem of providing individual
countries and regions with energy resources. Presently, the production of energy from
renewable resources is globally relevant. Renewable energy has long been a worldwide
trend. Wind, solar, and biogas production can not only replace expensive natural gas but
also provide solutions to environmental problems. Given the constant demand for fuel
resources, one of the priority areas and ways to overcome energy problems is the develop-
ment of bioenergy and, in particular, the production and use of biogas, which is formed
by appropriate technologies and is an effective way to supplement and replace traditional
fuel and energy resources. Biogas is the general name for a mixture of combustible gases
obtained as a result of the process of natural decomposition of various organic substances,
i.e., methane fermentation. In the natural environment, the decomposition process takes a
long time, but to obtain biogas in industrial conditions, it can be significantly accelerated,
primarily by creating optimal conditions for the bacterial ‘engines of change’. To ensure the
efficient flow of the methane fermentation process, it is important to maintain an optimal
temperature that will stimulate the activity of these bacterial cocktails. Depending on the
type of substrate, it can range from +25 ◦C to +75 ◦C, so in winter (at low temperatures),
the meta tank must be heated. There are more than 60 listed and patented technologies for
biogas manufacturing. This is due to the fact that to ensure the maximum output of biogas
for each type of feedstock, a different technology is applied [17].

Biogas consists of a mixture of several gases. These are:
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- methane—(CH4) is the main source of energy, the share of which is equal to 60–70%,
and its content is determined by the choice of source material (bio substrate);

- carbon dioxide (CO2)—its share is from 25% to 40%;
- hydrogen (H2), ammonia (NH3), and hydrogen sulfide (H2S)—A total of 2–5% [17].

Of note: the theoretical potential of biohydrogen from crop-based biomass in Ukraine
is 77 billion m3 over a 3-year period (25.6 billion m3 on average) [18].

The development of bioenergy is very important for Ukraine as it has a significant
potential of biomass that is available for energy production. Indeed, this biomass is enough
to replace most imports of gas, gasoline, and coal (about 23 million tons oil equivalent) [15].
The obtained biogas, after appropriate technological separation, is superior to natural gas
in terms of calorific value. It can be used for heating or for electricity production. It has a
great advantage over sun or wind energy generation, as biogas plants can run on schedule,
start up, and shut down quickly. This makes it possible to use them in order to balance the
voltage in the grid [14].

In analyzing the dynamics of biogas production in certain EU countries and in Ukraine,
one may notice a different range of biogas production opportunities. In Germany, for in-
stance, this process has gained stable development and delivered high results, as evidenced
by the indicators of installed capacity and their use for the development of biogas produc-
tion (Table 1). The development indicators of this industry in Poland are much lower, but
they are characterized by stability and annual growth.

Table 1. Dynamics of biogas production development.

Year

Germany Poland Ukraine

Installed
Capacity,

MW

Electricity
Generation,

GWh

Installed
Capacity,

MW

Electricity
Generation,

GWh

Installed
Capacity,

MW

Electricity
Generation,

GWh

2012 4921 27,314 128 565 7 -

2013 5148 29,255 153 690 14 5

2014 5437 31,086 187 816 15 39.3

2015 5643 33,098 216 906 18 64.0

2016 5850 33,711 225 1027 21 89.0

2017 6147 33,879 229.2 1096 34 94.6

2018 6761 33,119 225.5 1128 46 176.0

2019 7068 32,910 232.9 1135 93 212.0

2020 7459 - 243.2 - 103 -
Source: own elaboration, based on data from The International Renewable Energy Agency (IRENA) [13].

In Ukraine, the installation of biogas plants began only in 2012, and production
was launched in 2013. At that time, European countries were already increasing their
potential and biogas production. Although having a sufficient number of natural resources
for biogas production, Ukraine lags far behind many European countries, and therefore,
conducting research and studying their experience is important for the development
of biogas production in the country [13]. According to IRENA, the share of electricity
generated from biofuels in the world is growing, although it still remains smaller when
compared to solar and wind energy [13]. The prospects for biogas production in Europe,
however, indicate a tenfold increase in production by 2030 [19].

Energy production is the main source of anthropogenic greenhouse gas emissions in
the world, and therefore, the introduction of renewable energy sources, energy efficiency,
and energy conservation play key roles [9]. Considering the state and possibilities of biogas
production in Ukraine, it is worth paying attention to the significant potential due to the
available biological waste and agricultural raw materials. Production of biogas may use as
raw material:
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- agricultural waste—corn silage, grass, straw, chicken manure, cattle manure [3,20–22];
- food industry waste—beer pellets, post-alcoholic bard, pulp (sugar beet processing

residues), milk processing waste (whey, lactose), fruit, berry, grape and apple extracts,
rotten potatoes, pulp, syrup [10,23];

- technical glycerin and other waste materials from the production of biofuels (biodiesel);
- food waste [3,16,24,25];
- wastewater and fecal masses;
- waste generated from the slaughter of animals on poultry farms, pig farms, livestock

enterprises [13,25].

Studies conducted by specialists from different countries have indicated the estimated
amount of biogas output during waste processing (Table 2) [3].

Table 2. Biogas yield from different types of raw materials.

Substrate Biogas Yield (Nm3) Per 1 Ton of Substrate

Biogas output from organic fertilizers

Cattle slurry 20–30

Pig manure 20–35

Cattle manure 60–120

Poultry litter 130–270

Biogas output from reproducible raw materials

Corn silage 170–230

Straw-grain silage 170–220

Cereal grains 620

Grass silage 170–200

Sugar beet 120–140

Fodder beet 75–100

Biogas output from sewage sludge

Sewage sludge 15

Food waste (organic waste) 123
Source: own elaboration, based on data from Biogas rat [3].

The production of biogas from garbage is also promising. In Ukraine, about 10 million
tons of waste are generated annually, and there are almost 5.5 thousand landfills. About
3 million m3 of landfill gas, which contains about 50% of pure biomethane, can be extracted
per year from more than 1 million tons of refuse. In late 2018, 20 biogas plants with a total
capacity of 18 MW were already operating in landfills. One successful project is a 659 kW
biogas complex at a landfill in Khmelnytskyi, where UAH 34 million has been invested
in the project. The complex can produce about 5 million kWh of electricity per year at a
“green” tariff of 12.4 Eurocents per kWh. This amount of electricity is enough for lighting
the streets of the city. Thanks to this biogas plant, the city of Khmelnytskyi received:

- an increase in the generation of “clean” electricity;
- a reduction of CO2 emissions into the atmosphere;
- minimization of fires in the landfill and reduction of volume thereof;
- a gain in taxes to the local budget [26].

For the previously indicated raw materials, for biogas production, the most common
technologies applied are:

- obtaining energy from biomass by anaerobic fermentation in biogas plants;
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- applying methane fermentation technology, which allows acquiring, in addition to
the energy source in the form of biogas, high-quality fertilizers and protein-vitamin
feed additives and is essentially waste-free [10].

Biogas energy production is not harmful to the environment, as it does not cause
additional greenhouse gas emissions of CO2, and it reduces the amount of organic waste.
In addition, biogas can be obtained regardless of climate and weather conditions. In contrast
to fossil energy sources, the potential for biogas production in Ukraine from waste from
agricultural companies, the food industry, landfills, and wastewater is up to 3.2 billion m3

of methane (CH4) per year [3].
Creating a generation running on biogas has become a new direction for Ukraine.

Until 2012, there were only seven biogas complexes in Ukraine installed at solid waste
landfills. However, the potential is not exhausted, as there are many landfills where biogas
plants can be installed, work on biogas produced by these landfills, and provide clean
energy to the country’s energy system. In 2013, the first biogas plants began to be put into
operation by agricultural enterprises. In 2018, 33 biogas plants were operating [24].

At present, the number of biogas plants in Europe exceeds 18,000. Among the leading
countries are Germany, which has more than 11,000 biogas plants, and Italy, where there
are about 1700 plants. France has 837, the United Kingdom has 715, while Switzerland has
634 biogas plants [27–29].

According to the State Agency for Energy Efficiency, 28 biogas plants and 21 biogas
plants for agriculture were already operating at household waste landfills in 2019 (Figure 1).
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Figure 1. Dynamics of growth in the number of biogas plants in Ukraine, 2012–2019, in units.
Source: own.

The owner of one of the most powerful biogas complexes in Ukraine is the company
MHP Agroholding, which has an existing complex, “Oril-Leader”, in the Dnipropetrovsk
region. This steadily generates 5.5 MW per day. It was built in 2013. In 5 years, the complex
has utilized 300,000 tons of chicken manure, produced 100 million m3 of biogas, and
generated 200 million kW of electricity. In 2018, the biogas complex reached its maximum
capacity and contributed roughly 40 million kW of green energy to the grid [15,30].

Large sugar factories remain the major beneficiaries in the biogas energy market
in Ukraine, as they possess huge amounts of raw materials. So, in addition to sugar
production, they can produce electricity from the pulp and earn money from its sale.
In 2017, a 5.1 MW biogas plant operating on the territory of the Teofipol Sugar Plant was
established in the village of Teofipol. A year later, a new unit of 10.5 MW was put into
operation. The total installed capacity of the station is 15 MW. The raw material for the
production of electricity from biogas is beet pulp from sugar beet and corn silage taken
from the same sugar factory [14].
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This scale of possibility also exists with regard to small livestock holdings, provided
that energy crops are grown on small plots and added to their livestock waste. In general,
the larger the farm, the greater the capacity of the biogas complex it builds. However, the
payback period of biogas plants is important here. Investors are interested in facilities
with a payback period of 2 to 3 years, which may provide installations with a capacity
of 2.5–3 MW. For an installation of 1 MW, the payback will be up to 4 years, but for this,
the farm must have a sufficient raw material base. According to research, payback makes
economic sense for a farm of 10,000 head of cattle [31].

Ecodevelop has built and launched an experimental low-power biogas complex of
333 kW. The project cost EUR 1.5 million and has an estimated payback period of 6 to
8 years. The raw material base is comprised of its own farm for 950 cows. In addition, the
company buys 8 tons of silage per day. The daily production of biogas is 3600 m3, and the
plant can produce 2.64 MW/h of electricity and 3.16 MW/h of heat per year. Moreover,
additional income will be generated from the production of liquid and solid fertilizers—up
to 28,000 tons per year [15].

The task of Demis-Agro’s low-capacity biogas plant at 100 kW was primarily to solve
an environmental problem related to a pig farm located next to a residential area. The
project was implemented before the introduction of the “green” tariff for electricity from
biogas in 2013 and has paid off in 6 years. However, as the experience of members of the
Biogas Association of Ukraine shows, such examples are quite rare. Unfortunately, farm
biogas plants with a capacity of 100–300 kW cannot be repaid in less than 6 to 8 years, and
special credit programs that would be available to farms do not yet exist [15].

The State Agency for Energy Efficiency (Figure 2) has revealed that, in 2019, 49 plants
produced energy from biogas at a “green” tariff. In the study period, the installed capacity
increased from 7 MW in 2012 to up to 86 MW in 2019, of which 59 MW are generated from
agricultural waste and 27 MW from solid waste. The total investment in this sector was EUR
140 million during 2012–2019. The National Commission for State Regulation of Energy
and Utilities (NKREKP) states that, in 2019, biogas plants generated 247 million kWh of
electricity [14].
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Figure 2. Dynamics of biogas capacity growth in Ukraine, 2012–2019, MW. Source: own elaboration,
based on data from The State Agency for Energy Efficiency and Energy Saving of Ukraine [9].

Biogas production in 2019 increased by 3.3 times compared to 2015, and its use in
thermal power plants by 9.7 times. In Ukraine’s heating plants, during 2016 and 2017, the
use of biogas expanded. However, in 2018 it contracted by almost 1.7 times as compared to
2015 [32–35] (Table 3).
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Table 3. Dynamics of production and conversion of biogas, GJ.

Indicators 2015 2016 2017 2018 2019

Produced 600 1367 1601 1995 2028

Transformations, including

Thermal
Power Plant 161 596 865 1565 1768

Heat Plant 439 771 736 430 260
Source: own research, based on data from the State Statistics Service of Ukraine [32–35].

Production and energy use of biogas has a number of reasonable and proven world
practice advantages; among others, a wide range of raw materials can be used for biogas
production. This means that biogas plants can be built basically everywhere in areas
of concentration of agricultural production and technologically related industries. The
universality of methods of energy use of biogas, both for production of electric and/or
thermal energy at the place of its formation, allows any site that is connected to a network
of natural gas (in the case of supply of purified biogas to the natural gas network) to be
used, while it can also be applied as a vehicle motor fuel. In addition, the stability of
annual electricity production from biogas allows it to cover peak loads in the network,
especially taking into account the operation of unstable sources, such as solar and wind
power plants [15,36].

Biogas plants are characterized by the possibility of modern waste-free production
in agriculture, as they allow partial or complete use of organic waste from the farm while
reducing harmful greenhouse gas emissions into the environment. It is important to note
that biogas plants make it possible to dispose of agricultural residues and produce energy
near waste disposal sites. In addition, it is possible to generate manufactured organic
fertilizers for organic farming. Biogas plants can also be installed as treatment facilities on
farms, poultry farms, distilleries, sugar factories, and meat processing plants. A biogas
plant can replace a veterinary factory where dead animals are disposed of [13,37]. Biogas
projects, therefore, create new jobs, provide cheap heating, reduce the need for imported
natural gas, and reduce methane emissions.

Biogas is used as a fuel for the production of electricity, heat, steam, or as a motor
fuel. Each new biogas complex reduces the dependence on purchased fuel and indirectly
affects the country’s economy. However, the large-scale implementation of biogas projects is
currently hampered by high initial investment costs, lack of working capital and investment,
and wasteful treatment of biomass residues [38].

The economic effects of biogas production and the benefits of its use, thus are:

- obtaining fuel that can be applied for the production of electricity, heating, and
other industrial and domestic needs of industrial complexes that are suppliers of
biosubstrates;

- enhancing the economics of treatment plants;
- minimizing the cost of raw material delivery—biofuel plants are usually placed

directly next to the raw material supplier;
- solving the issue of waste disposal, meaning instead of the cost of their removal and

disposal, the company receives additional income;
- converting biosubstrate residues into fertilizers [13].

The ecological influence of biogas production has great importance. This is the en-
vironmentally friendly processing of biomass, organic waste, and by-products of animal
origin through methane fermentation. As indirect environmental effects, we can identify
the prevention of contamination of groundwater, surface water, and soil. Electricity pro-
duction as a result of biogas combustion in cogeneration plants allows maximum use of
the received thermal and electric energy, but the most essential environmental effect is that
biogas plants solve the problem of utilization of agricultural waste [39].
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The conversion of organic residues into biogas occurs as a result of a sequence of
complex biochemical transformations (biomass fermentation). Fermentation residues
formed during biogas production in biogas plants are high-quality fertilizers that can be
sold or used instead of mineral fertilizers. These pure liquid or solid biofertilizers do not
contain weed seeds, nitrates, or a number of other negative components [3].

The most significant environmental impact is exerted by raw materials of animal
origin. Currently, in Ukraine, there is an acute issue of utilization and safe processing of the
wastes of poultry farms, pig farms, and cattle farms. In contrast, the anaerobic processing
of livestock waste can be considered the best of the available technologies because the
processing of waste in biogas plants can partially reduce environmental problems and has
significant economic benefits in the form of decentralized renewable energy production
(Table 4).

Table 4. Effects from the implementation of biogas projects.

Types of Effect Advantages of Using Biogas

Economic

Strengthening the country’s energy security;
savings on the purchase of imported natural gas;

energy supply of farms in non-gasified areas;
production of high-quality fuel;

development of biotechnology and mechanical engineering;
income from the production of heat and electricity out of waste and economic activity leftovers;

smoothing of peak loads in power grids;
growth of tax revenues.

Ecological

Reducing the use of fossil and other natural resources for energy purposes;
use of renewable energy sources;

reduction of greenhouse gas emissions;
solving the problem of waste disposal;

reducing the volume of landfills for household waste;
prevention of groundwater and surface water pollution;

formation of organic fertilizer for the production of environmentally friendly products.

Social

Creation of new jobs;
advancement of employees’ skills;

increase of income per capita;
improving the quality of life and meeting social needs;

development of rural areas and their infrastructure.

Source: own research, based on data from Eenergy.ua., Ecodevelop, Ecobusiness.

In addition to the environmental and economic effects, the social outcome is consid-
erable, which is the improvement of the health of the population and expansion of the
capacity to provide the population of rural areas with appropriate benefits. The social effect
and important advantage of biogas power plants is the creation of a large number of new
jobs, the training of workers, and the development of local economies as additional sources
of revenue for local budgets and to increase household incomes. It is bioenergy that creates
the largest number of jobs per 1 MWh of electricity produced from RES (renewable energy
sources), including a significant part in related areas such as raw materials and biofuels,
mechanical engineering, logistics, and more [3,40].

The relevance of biogas technologies also lies in preventing fires during droughts, as
they use as raw materials and fuel, just those forest and agricultural wastes and residues
that lead to mass fires. Biogas technologies are likewise one of the most efficient means of
processing agricultural waste into organic fertilizers [41].

Moreover, the socio-economic effect of the implementation of biogas projects is that the
heating generated by cogeneration plants is directed towards schools and office buildings.
Therefore, biogas plants are an effective way to solve the problems of using agricultural
waste, including animal by-products. Hence, the introduction of biogas plants operating
on household waste and agricultural waste is relevant and economically feasible and
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contributes to strengthening the country’s overall energy security, as well as regional
economic development [38].

Ukraine’s potential in the development of biogas production is huge. Ukraine has a
well-developed agricultural sector, the waste from which provides an excellent raw material
base. In 2018, the biogas production potential was estimated at 7.8 billion m3 of CH4 per
year. This is about 25% of total natural gas consumption. According to the State Agency
for Energy Efficiency and Energy Saving, the usage of only 37% of waste from livestock
and crop production will produce more than 10 billion cubic meters of bio-gas [3]. Due
to the available crop and livestock residues in agriculture, favorable climatic conditions,
the accessibility to agricultural land, relatively inexpensive labor, and a large number of
landfills, the use of biogas has significant potential for heat and electricity production [42].

The potential for biogas production is 9633.4 million m3/h. However, this potential
is rarely used. At the beginning of 2020, only 86.1 MW of biogas power plants were
operated in the country. As a result, the “National Renewable Energy Action Plan until
2020” in terms of the introduction of electricity generating capacity on biogas has not
been fully implemented. Of the planned 290 MW, only 86 MW was installed, which is
29.7%. The development of biogas facilities for the processing of agricultural, industrial,
and municipal waste should be considered as a way to address the issue of waste disposal
and environmental pollution. It is also an important component of a circular economy
and sustainable development, as well as a powerful factor in reducing greenhouse gas
emissions. With a total production of electricity by biogas plants of 247.4 million kWh in
2019, the reduction of greenhouse gas emissions amounted to more than 300,000 tons of
CO2 eq./year [16,36].

The energy potential of biogas consists of various potentials. These include:

- potential of areas for growing energy crops;
- theoretically possible potentials of traditional organic fertilizers (purulent liquid, solid

manure, chicken manure, etc.);
- potentials of the manufacturing industry (organic waste);
- potential use of municipal waste
- increasing efficiency in growing energy crops per hectare.

The use of the available potential makes possible continuous biogas production. Thus,
the average biogas plant, which can be co-located on a livestock complex and process about
37,000 tons/year of manure, after processing can generate approximately 35,000 tons of
valuable biofertilizers per year. One ton of such fertilizers contains an average of 3.5 kg of
total nitrogen. Implementation of biogas complexes makes it possible not only to process
crop and livestock waste but also to eliminate the need to provide conditions for storage of
waste [43]. The various potentials for biogas use are important, including clean electricity
generation, electricity and heat production (CHP), or transport. It should be noted, however,
that the political and legal framework, as well as the existing infrastructure, play a crucial
role in the development of biogas production and the efficient use of existing potentials [3].

Studies of the activities of already launched biogas plants have revealed a number of
main factors influencing the viability of such projects. The results of the studies revealed
what one needs to pay attention to when planning them. The main positive factor is the
existence of its own raw material base with the projected cost and quality of raw materials.
The second factor determines the need, before the implementation of the biogas project,
to predict how the heat produced will be used. In most cases, the “green” electricity tariff
does not provide the necessary indicators of project profitability.

In reality, almost no biogas plant in Ukraine has reached the desired efficiency of
electricity generation. Therefore, if the business plan is calculated taking into account 100%
capacity utilization, and in practice, the output is only 30%, then the payback period is
3 times longer, and the biogas plant will be cost-effective in generating 8200 h of electricity
per year. To increase the profitability of biogas plants, it is important to have heat consumers
because, in fact, for every MW of electricity, there are MW of heat that can either be sold
or wasted, whereupon it pollutes the atmosphere and contributes to global warming.
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Therefore, when designing biogas plants, it is necessary to consider and include heat
consumers in the scheme [3].

Forecasts of the development of any production and marketing activity of enterprises
or industries are scientific explanations of possible quantitative and qualitative changes
in the level of development as a whole or within an individual area of activity. In this
paper, the forecast of biogas production and conversion is calculated on the basis of
statistical data of previous periods using regression analysis and the Excel spreadsheet
editor. Here, regression analysis makes it possible to estimate the degree of relationship
between variables and predict the value of a particular variable based on known values
(Table 5).

Table 5. Biogas production and conversion and development forecast, (units-GJ).

Indicators 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Produced 600 1367 1601 1995 2028

Transformed in the Thermal Power Plant 161 596 865 1565 1768

Transformed in the Heat Plant 439 771 736 430 260

Trend line-produced 821.4 1170 1518 1867 2215 2563 2912 3260 3609 3957

Trend line-transformed in the Thermal Power Plant 154.4 572.7 991 1409 1828 2246 2664 3083 3501 3919

Trend line Transformed in the Heat Plant 667 597.1 527.2 457.3 387.4 317.5 247.6 177.7 107.8 37.9

Source: own calculation.

On the basis of the obtained data of the State Statistics Service of Ukraine (section
Fuel and energy resources), the state of biogas production and its conversion at thermal
power plants and heating plants was investigated using calculation and tabular methods
(Table 5). The resulting model reveals an increase in its production and conversion to
thermal power plant inputs by 2024, while the conversion of biogas into heating purposes
shows a tendency to a steady decline (Figure 3).
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In analyzing the trend model of biogas production and conversion for the period
2015–2024, it should be noted that biogas production in 2015–2019 was constantly growing,
and the trend line showed a further tendency to increase its production to 3957 GJ in 2024.
Similarly, the graph shows the growth of the conversion of biogas into fueling thermal
power plants, which by 2024, will reach the level of 3919 GJ. However, the conversion of
biogas into thermal plant operation input in the period 2017–2019 is characterized by a
decrease in production, and the trend line shows a tendency to a steady decline to 37.9 GJ
by 2024 (Table 5, Figure 3).

To develop the biogas market, companies need to achieve their goals by meeting the
needs and desires of selected target groups of consumers. This can be achieved through a
set of activities within the framework of marketing concepts. The concept means a way of
presenting the process of organization and implementation of any activity. World science
and practice recommend the use of the concept of productivity improvement, the concept
of product improvement, the concept of intensification of commercial efforts (sales), the
concept of marketing, the concept of socio-ethical (socially responsible) marketing and
marketing interaction [44].

When using the concept of improving production, manufacturers need to take into
account that buyers will prefer products already on offer due to wide availability, their
relatively low prices, and the maturation of the production technique. The main thing
when using the production concept is the manufacture and increase in the production
of the existing range of goods. Using this concept, one needs to systematically improve
the production system and focus on achieving high series production and sales of goods
through all possible sales companies [45,46].

In 2018, the State Agency for Energy Efficiency, with the participation of local govern-
ments and experts of relevant associations, conducted a study of the prospects of installing
biogas facilities at landfills. It was found that it is economically feasible to build biogas
facilities on landfills with a total amount of waste of over 1 million tons. As of 1 January
2020, biogas plants have already been installed at almost 90% of Ukraine’s landfills with a
total amount of waste of more than 1 million tons. Therefore, the potential of landfill gas
is used to the maximum. However, it is estimated that the growth rate of biogas capacity
using agricultural waste as input in the next 3–5 years should increase by about +40 MW
annually. This is due, in particular, to the adoption in 2019 of the Law of Ukraine, “On
Amendments to Some Laws of Ukraine to Ensure Competitive Conditions for Electricity
Production from Alternative Energy Sources”, which kept the “green” tariff for biomass
and biogas at a stable level (12.39€ cent/kWh) for another 10 years (until 2030) [9]. One
of the areas of implementation of the marketing concept of product improvement is the
cultivation of energy crops for biomass for biogas production [47,48].

The peculiarity of the concept of product improvement is that the manufacturer
directs all their efforts to improve product characteristics and improve product quality and
develop a sufficient number of modifications with the best consumer properties. Often
the problem of decentralized production of electricity and heat from biogas is the lack of
heat dissipation. Enriching biogas to biomethane can solve this problem. With the help of
enrichment technology, biogas can be purified and brought to the quality of natural gas.
Significant advantages of biomethane, compared to other renewable energy sources, is that
it can use the existing natural gas supply infrastructure and that it does not require the
creation of new storage systems. Existing natural gas networks with huge capacities offer
an efficient and economical solution for the storage and supply of biomethane with low
capital costs [49].

The concept of intensification of commercial efforts is based on the sales process
itself. This concept is used when the buyer is insufficiently aware of the product and its
properties. The concept involves the impact on the consumer by various means: product
demonstrations, advertising, special discounts [46].

Marketing concepts in the formation of the biomass market in Ukraine include enrich-
ment of biogas to biomethane, as doing so expands sales opportunities. Due to biomethane
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and natural gas holding the same quality, biomethane can be used in existing technical
devices (household, industrial, transport). The enriched biogas can either be used directly
on-site or fed into the existing natural gas network [49].

The dominant form of production and marketing activities in market-oriented coun-
tries is the concept of marketing. Implementing this concept, companies are constantly
conducting market research, identifying the needs and real purchasing power of consumers
with a focus on maximizing the adaptation of production to consumer requirements and
making a profit from it. This concept is used in areas where there is work with goods in
mass demand, which are produced by large enterprises [46].

The concept of socio-ethical marketing has emerged under the influence of external
factors such as limited natural resources and environmental degradation. This concept
examines the activities of enterprises in close connection with new global problems and the
reorientation to combine the interests of producers, consumers, and society. That is, it is
socially responsible in that it is an activity that uses ethical ways of achieving goals that do
not harm people, nature, and society [46,50].

The socially responsible orientation of biogas production contributes to the improve-
ment of the local economy. This is because the use of household waste for biogas production
significantly reduces pollutant emissions, and the produced biogas is converted into elec-
tricity and heat at thermal power plants. Due to the production of biogas and biomethane
from local resources, new jobs are created in rural areas.

The positive environmental effect of biogas production is that it is climate-neutral, as
the biomass used removes carbon dioxide from the atmosphere throughout the growing
season, which is then released again during the combustion of biogas or biomethane. The
socially responsible direction of biogas production from biomass has been demonstrated
by the pilot project on the cultivation of energy willow. The energy that is produced
from energy willow is considered carbon-neutral because the amount of carbon released
during combustion corresponds to the amount of carbon absorbed by the crop during
growth. In addition, fallen leaves and willow roots help enrich the soil with minerals and
nutrients, and rooted branches effectively protect the topsoil from erosion and landslides.
Energy willow, like other energy crops, can be grown on slopes and degraded lands, hence,
preventing further degradation and promoting long-term recovery. Socially responsible
marketing is, hence, the highest level of ethical marketing concepts to focus upon [51].

In addition to the classic concept of marketing and its extension to social responsibility,
in modern conditions, it is advisable to use the concept whose main task is to form a
relationship with the buyer to organize the buying and selling process. The proposed
conceptual model (Figure 4) draws attention to the factors that contribute to the develop-
ment of biogas production. The presence of a large raw material base allows successfully
producing biogas throughout Ukraine [46].

The results of the research show that, despite the presence of significant biomass
potential in the domestic agricultural sector, biogas production in Ukraine has not received
sufficient development. There are a number of factors that hinder the implementation of
biogas projects, in particular:

- insufficiently developed infrastructure for transporting raw materials for bioenergy
projects

- high interest rates;
- high cost of the initial investments;
- the lack of current assets and investments;
- high inflation rate;
- inappropriate approaches to biomass leftovers;
- poor incentive to use biomass technologies;
- insufficient business awareness of the prospects and benefits of biogas production and

usage;
- the existence of a complex procedure for allocating land plots for RES facilities [11].
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To stimulate the development of this area, in 2015, Ukraine introduced a “green” tariff
for electricity from biogas at the level of 12.39 Eurocents/kWh. In addition, the Law of
25.04.2019 No. 2712-VIII on ensuring competitive conditions for the production of electricity
from alternative energy sources implies:

- maintaining the current “green” tariff for electricity from biogas until 2030;
- voluntary participation of developers of such projects in auctions;
- the possibility of selling electricity from biogas at the auction price for 20 years [14,51].

To intensify the processes of biogas production in the agricultural enterprises of
Ukraine, it is advisable to develop a government program to promote the introduction of
biogas plants, approve a system of benefits, subsidies, and guarantees for investors, and
create a regulatory framework for the design and construction of biogas plants and biogas
production, etc. at the legislative level.

4. Discussion

The energy needs of the population and the global environmental crisis are forcing
the countries of the world to introduce and apply alternative means of energy production.
There is a need, therefore, to find innovative energy sources that do not harm the environ-
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ment and have a significant economic effect. The development of the country’s economy
depends on many factors, including the volume of industrial production, agricultural
products, and others. However, in modern conditions, an extensive increase in production
is not always appropriate and socio-economically justified. Ukrainian publications raise
the issue of energy independence as an important issue. Over the last decade, Ukrainian
scientists have intensified their efforts to analyze the environmental situation in the country,
its regions, and specific localities, and the new task for business units is to minimize the
negative impact on the environment. The transition to the use of resource-saving, environ-
mentally friendly, low-waste technologies is a modern challenge for Ukraine’s economy,
but this process is complex and capital-intensive. In addition, it involves the abandonment
of conventional management methods [1,52].

The demand for alternative energy sources in the world is growing every year. The
technologies of biogas production deserve special attention. Ukraine has great potential for
producing biomass available for energy use. The largest amount of agricultural biomass
is formed in the areas located in the central, south-eastern, and southern regions of the
country, that is, in places most favorable for growing crops [53].

The attention to the issues of rational waste management in Ukraine by both the
authorities and scientific circles has significantly increased in recent years. A solution to
the problem is possible through implementing effective measures for rapid, safe recycling
of waste and obtaining a positive economic and environmental effect from the disposal and
reuse of raw materials. At the same time, biogas of organic biomass, regardless of origin,
can be significant competition to traditional fuels due to the low cost of source material [54].

Obtaining biogas from organic residues in the agricultural sector of the economy is
considered one of the important vectors for the development of renewable energy. As
noted in the introduction, one of the priority areas of Ukraine’s energy policy is to increase
the use of biomass for electricity and heat production [3]. It should be noted that in the
EU countries, the use of biogas is also mainly aimed at electricity and heat production. In
addition, biogas is converted into biomethane, which can be introduced into the natural
gas network or used as biofuel in vehicles [55]. It is noteworthy that several countries in the
north-central part of the European Union have implemented effective policies to promote
the use of biomethane for public and private transport [12].

It is estimated that the prospects for biogas production in Europe indicate a tenfold
increase in production by 2030. It is now believed that in biogas production, it is better
to focus on less conflicting raw material resources, such as livestock manure, agricultural
waste, and residues that do not compete with agricultural land used for food production.
This model is advocated by Denmark, which opened its first manure-based biogas plant
in 1975. The country began developing biomethane after the adoption of the national
“energy agreement” for 2012–2020. As a result, biomethane now accounts for about 10% of
what is introduced into the natural gas network. The Danish model has become the gold
standard in Europe and has greatly inspired others, such as France and Italy. Ukraine, too,
has entered into the global trend of replacing fossil energy sources (natural gas, oil, coal)
with renewable ones, including biogas.

Ukraine does not neglect the global challenges of humanity, in particular, the problems
of climate change and adaptation to these changes. The country is a party to the Paris
Climate Agreement and has already expressed its intention to implement the principles
of the European Green Course. The concept of the green energy transition of Ukraine
until 2050 has been developed and presented on paper. Energy production is the main
source of anthropogenic greenhouse gas emissions in the world, and therefore the intro-
duction of renewable energy sources, enhancing energy efficiency, and practicing energy
conservation play key roles. Considering the possibilities of biogas production in Ukraine,
it is worth noting the significant potential that exists due to the available biological waste
and agricultural raw materials [41].

Biogas production is an attractive alternative in terms of energy production. Given the
almost inexhaustible raw material resources, the attention of the state is directed towards
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attracting more and more opportunities for biogas production [56]. It should be underlined
that this type of fuel is multifunctional and can make use of existing transportation infras-
tructure. The growth of biogas plants in Europe has been driven primarily by government
policies to improve environmental protection and combat greenhouse gas emissions due
to low recycling of household and industrial waste. Methane (a component of biogas),
which is formed during the decomposition of waste, without processing, pollutes the air
and thus complicates the environmental situation. Therefore, European countries support
and encourage through “green” tariffs and preferential interest rates on loans for such
projects, companies that process household and other organic waste and are engaged in the
production of biogas with subsequent production of electricity, heat, and bioethanol [7].

In order to achieve the set goals in the development of Ukraine as a viable, independent
nation, the choice of marketing concepts to be followed is important. That which needs to
be practiced is one in which the enterprise meets the needs of consumers without conflicting
with the long-term needs of society [44]. Production of biogas fulfills this obligation.

5. Conclusions

In conditions of unstable fossil fuel prices, given the inevitability of reducing green-
house gas emissions, the production of renewable energy is becoming more relevant.
In order to enhance its energy self-sufficiency, it is extremely important for Ukraine to
diversify energy production by increasing the use of renewable energy sources. The Law of
Ukraine “On Energy Conservation” defines the legal, economic, social, and environmental
bases of energy conservation and green energy production as actions aimed at the rational
production of energy and its economical use. One of the most notable directions in the
development of renewable energy is the production of biofuels.

An important reason for the increase in the use of renewable energy sources is the
uncontrolled growth of household and industrial waste. This adversely affects the nat-
ural environment. Moreover, it generates costs in disposal. By waste, we do not mean
exclusively household or construction waste, but mainly sewage and wastes from the agri-
cultural and food industries. Obtaining biogas from the organic waste remaining after the
production cycles of agricultural enterprises is considered one of the most visible vectors of
renewable energy production.

Summing up the results of the study, it should be noted that Ukraine has favorable
climatic conditions, large areas of agricultural land, and a developed agricultural sector.
The wastes generated within the agricultural sector can provide an excellent raw material
base, along with municipal wastes as disposed of in landfills to create conditions for
heat and electricity production from biogas. According to the State Agency for Energy
Efficiency and Energy Saving, the use of only 37% of livestock and crop waste will produce
more than 10 billion cubic meters of biogas. However, while the potential for biogas
production is 9633.4 million m3/h., this potential is not being used. At the beginning of 2020,
only 86.1 MW of biogas power plants operated in the country. As a result, The National
Renewable Energy Action Plan until 2020 in terms of addressing electricity generation via
biogas has not been implemented. Of the planned 290 MW, only 86 MW, or 29.7%, has
been installed. It should be noted that increasing the number and capacity of biogas plants
for the processing of agricultural, industrial, and municipal waste is a powerful factor in
addressing the issue of environmental degradation and its related health factors.

Using the available potential makes continuous biogas production viable. Currently,
the average biogas plant that is located in livestock production complexes processes about
37 thousand tons/year of manure, and after biogas production, generates about 35,000 tons
of valuable biofertilizers per year. The introduction of biogas complexes on-site allows, not
only the processing of crop and livestock waste, but also eliminates the need to provide
conditions for waste storage.

Biogasses can be used for many purposes in the substitution of fossil fuels. Among oth-
ers, these include clean electricity generation, co-electricity and heat production (CHP), and
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transportation. The existing infrastructure and political and legal framework play impor-
tant roles in the development of biogas production and efficient use of existing potential.

By solving Ukraine’s energy production problems through stimulating the production
of electricity and heat from biogas, the state increases the level of environmental security
in Ukraine, as waste from agriculture and utilities, food, and processing industries pose
threats to public health, soil, air, and groundwater. Biogas technology is one of the main
and most efficient ways of disposing of organic waste. Another factor in favor of biogas is
that biogas plants do not depend on weather conditions and can ensure the uninterrupted
operation of power plants by way of the stable supply of raw bio-materials.

Research into the already launched biogas plants has revealed a number of key factors
influencing the viability of such projects. The results of the present study demonstrate that
planning is of utmost importance. The main positive factor in biogas production is the
existence and extent of the raw material base. However, there is a need to predict how the
generated heat will be used before constructing a biogas plant. In most cases, the “green”
electricity tariff does not provide the necessary indicators of project profitability, as almost
no biogas plant has achieved the desired efficiency of electricity production. Therefore,
if the business plan is calculated taking into account 100% capacity utilization, and in
practice, the output is only 30%, the payback period is 3 times longer than planned. The
biogas plant will, however, still be cost-effective in the long run providing that it generates
more than 8200 h of electricity per year. To increase the profitability of biogas plants,
when designing them, it is advisable to take into account and include in the scheme, the
heat consumers. To stimulate the development of this sector in Ukraine, the government,
in 2015, introduced a “green” tariff for electricity from biogas at 12.39 Eurocents/kWh,
which will remain until 2030.

The calculation of the forecast of biogas production and transformation on the basis
of statistical data of previous periods using regression analysis showed a further trend of
growth of its production in 2024 to 3957 Gigajoules. Also, the growth of biogas conversion
to thermal power plants in 2024 will reach 3083 Gigajoules. However, the conversion of
biogas to thermal power plant input tends to steadily decrease to 37.9 Gigajoules in 2024 as
a result of reduced production in 2017–2019.

To stimulate the biogas technology industry in Ukraine, a special bill was adopted in
April 2019—the Law of Ukraine “On Amendments to Certain Laws of Ukraine on Ensur-
ing Competitive Conditions for Electricity Production from Alternative Energy Sources”.
It allows voluntary participation in auctions of investment projects in electricity from
biomass and provides an appropriate government support mechanism by maintaining the
auction price of electricity for 20 years [9]. Given that the country’s economy is largely
dependent on fossil sources, the adopted Energy Strategy of Ukraine for the period up
to 2035 provides for up to 25% of the energy produced from renewable sources, including
biogas. To implement this strategy, “green tariffs” have been approved, which make the
production of electricity from biogas profitable.

To achieve the goals of biogas market development, it is necessary to put in place a set
of measures within the framework of marketing concepts. The main object of the marketing
concept is to establish a comprehensive study of buyers of goods of enterprises with their
requests and needs. Manufacturers must build all their activities with the expectation of
maximum actor satisfaction instead of making the appropriate profit. Thus, the starting
point of the concept is the theory of consumer sovereignty. Taking into account the concept
of marketing in the historical context, there are five global, basic concepts that any firm
interested in making a profit should use.

Based on the study, it can be argued that the production and use of biogas in Ukraine
has great prospects due to favorable climatic conditions and great potential for the de-
velopment of biogas production. It should be noted that the study reveals the state of
development of the biogas market in Ukraine on the basis of available statistical materials.
An obstacle to a more detailed analysis of the state of production and use of biogas, the
management system for production and sale of finished products, as well as the strength



Energies 2022, 15, 1710 20 of 22

of relationships with raw material suppliers and consumers of biogas, was the limited
available statistics covering the production dynamics. However, the mining of the avail-
able sources has allowed the researchers of this paper to gain new knowledge about
this problem.
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