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Abstract: The use of individual biogas plants can be a means of solving many energy-environmental
and financial-economic problems. The article aims to assess the prerequisites and consequences of
using biogas plants at the macro and micro levels to search for opportunities to reduce the cost of
their installation and make them more affordable for individual farms. The need for the use of biogas
plants by farms is determined by the fact that these farms have a raw material base; the growing
cost of energy resources pushes them to search for new sources of profit. At the micro level, the
costs of biogas plants in the conditions of companies and individual farms in the Slovak Republic are
evaluated. At the macro level, the aggravation of energy and agricultural problems and the need
to transition to green technologies require a comprehensive approach to their solution. The article
investigated the cost of purchasing and operating biogas plants based on a private company’s data.
It assessed the cost of the construction of a biogas plant and more. The analysis of biogas plant
operation results showed that its purchase and use by a farm can be financially unprofitable but bring
significant benefits in the energy, environmental, and social dimensions.

Keywords: agricultural waste; bioenergy; biofuel; biogas plant; biogas; eco-economic viability;
economic-financial feasibility; energy problem; cost-efficiency of biogas plant; calculation of the cost

1. Introduction

In the modern world, biogas plants are considered an ecological way to produce energy
from organic wastes such as agricultural, domestic, food, industrial, and raw materials.
Biogas production from agricultural waste in biogas plants has been recognized in the EU
as a promising technology for transitioning to a green economy, solving environmental
and energy problems, and overcoming financial difficulties. Thus, to solve the problem
of energy supply in the period of a sharp rise in energy prices, the EU countries not
only expanded the supply of natural gas from such gas supplier countries as Denmark,
America, and others but also intensified efforts to develop renewable energy sources, in
particular biogas production. A network of biogas plants has long been in operation in
many European countries, such as Denmark, Italy, Germany, Poland, and others.

The potential efficiency of biogas plants for improving energy supply and reducing the
country’s dependence on energy supplies has been shown in the works of many scientists.
However, biogas plant operations also have several problems and limitations that should be
considered when calculating their financial and economic efficiency and determining their
benefits. Therefore, to provide a general overview of the advantages and disadvantages
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of biogas production regarding energy security and sustainability, the fundamental role
of biogas plants, along with its positive and negative aspects, needs to be considered.
Firstly, we must state that bioenergy is how energy security and sustainability can be
achieved. [1]. The most significant advantages of biogas production are the following:
(i) production of energy; (ii) transformation of organic waste into high-quality fertilizers;
(iii) reduction of workload in firewood collection and cooking; (iv) positive environmental
externalities in the form of protection of water, soil, air, and woody vegetation; (v) economic
benefits via energy and fertilizer substitution, additional income sources, and rising yields
of animal farming and agriculture; (vi) import substitution and environmental protection;
(vii) greenhouse effect reduction [2]. On the other hand, there are unambiguously some
disadvantages to biogas energy production, the greatest being monetary barriers and high
initial investment [3]. For decades, measurements of the performance of biogas plants have
been discussed by many researchers [4–6]. Wu, D. et al. presented some of the challenges
related to biogas plants and their operations, for instance, improper mixing ratios resulting
in process instability, seasonal availability of different waste in different regions, and extra
capital costs such as transportation [6]. According to the European Commission, every euro
invested in research and innovation of the agrobioeconomy should bring an additional
10 euros by 2025. Also, the agrobioeconomy brings over 2 billion EUR and gives jobs to
around 20 million employees, making up 9% of the employment in the European Union, to
which Slovakia belongs.

The output of the biogas plant is biogas and fertilizer. Biogas is a clean household
energy fuel, so it increases income as it turns farm waste into wealth; slurry enriches the
soil with nutrients, which in turn increases agricultural productivity [7].

Biogas has economic benefits because it provides households with gas, electricity, and
fertilizers, but the cost of digesters is a significant limitation in biogas production. The
study from 2022 also concluded that the technology of biogas plants is the solution to
the energy crisis. Their cost-benefit analysis showed that a small biogas plant was the
most profitable and that the government needed to provide subsidies for the installation of
biogas plants to incentivize potential users [8].

Different authors also agree with the conclusions of the previous researchers. The
authors of the study from 2021 assessed the socio-economic significance of biogas plants.
They concluded that the installation of a biogas plant had a direct and indirect positive
impact on farm productivity, time savings, air pollution, and income structure, which
confirms the economic importance of introducing biogas plants for rural households, not
only as an alternative source of energy but also an additional source of income [9].

After analyzing the operation of about 5000 biogas plants in Germany, a new method
was developed to evaluate their overall performance. The method focuses on four aspects of
the evaluation: biogas production, biogas utilization, environmental impact, and financial
and economic efficiency. The evaluation of biogas plants showed that biogas utilization has
the greatest potential to improve performance by increasing external heat utilization [5].

Analyses of the production parameters of biogas plants, including the reduction of
carbon emissions, have shown that electricity from biogas is one of the most promising
areas of energy and can become an additional source of income for farmers in Poland [10].

Based on the results of a comprehensive analysis of the development of biogas plants
in Poland over 15 years, significant obstacles and high investment risks for the construction
of biogas plants in Poland were highlighted [11]. One of the most problematic aspects of
biogas plant operations in Poland is the supply of raw materials. As a result of calculating
the theoretical annual development potential of biogas plants in Poland, it was found that
under the conditions of a certificate system to support the operation of biogas plants, it is
economically favorable to use waste for fermentation. In contrast, the operation of biogas
plants on corn silage is economically unfeasible [12].

A comparative analysis of the use of different sources of raw materials for biogas
plants, from manure to substrate plants (cucurbits, grass) to external substrates produced
in the food industry (biological waste) and food residues, has shown that the amount
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of biogas produced per unit of substrate depends on the quality of the substrate and its
components. Sunflower and maize are the most suitable, but alternative energy plants
(clover) can also be used [13].

The analysis of exogenous and endogenous determinants of the development of
agricultural biogas plants as a chance for diversification of agriculture was carried out
in Poland. The structure of raw materials for agricultural biogas production was also
analyzed, which allowed us to highlight some problematic points [14].

The problems of regular feedstock supply for biogas production are considered in
the study from 2010. The necessity to ensure a regular and uninterrupted supply of raw
materials throughout the year was emphasized. The following factors influencing biogas
production were identified: political, environmental, energy, and rural development. It is
established that producing electricity from agricultural raw materials in biogas plants is
one of the most promising energy-political concepts of sustainable development, especially
ecological—the economic feasibility of biogas plant development on large farms [15].

The features of the unique biogas plant, which is based on organic by-products from
local industry and algae, were investigated [16]. It was shown that this biogas plant solves
a critical environmental problem for the municipality and the citizens affected by the
odor of rotting algae discharged into Koge Bay. In this way, several issues are solved
simultaneously—environmental, energy, and ecological.

Other authors analyzed and assessed the economic feasibility of a biogas reactor. Ac-
cording to the results, the estimated net present value, profitability, and annuity were high,
confirming that constructing a biogas plant is a favorable and feasible project. However,
it requires government subsidies at the initial stage [17]. The main contribution of this
paper is the evaluation of the economic and financial feasibility of biogas plants under
the conditions of the Slovak Republic. The presented manuscript is focused on recent
urging issues by evaluating biogas plants’ use at the macro and micro level to search for
opportunities to reduce the installation cost and make it more affordable for individual
farms while contributing to better waste management. At the same time, this topic is one
of the most critical research subjects supported by European Union research grants.

In 2015, the authors proposed a methodology for assessing the efficiency and productiv-
ity of farms with biogas plants [18]. The study of the input characteristics of environmental,
social, and corporate management made it possible to determine the weighting coefficients
for the contribution of individual criteria to the resulting farm productivity assessment and
propose a concept for managing such firms [18].

Some authors conclude that biogas production benefits farms, the environment, and
society and can consequently be a tool for effective waste management [19].

The authors carried out a fairly critical analysis of the biogas plants in 2019 [20]. A
study of development trends and factors that promote/block the use of biogas showed the
decisive role of government subsidies, which supported high growth rates in the number
of biogas installations until the end of 2012, after which their decline was observed. When
determining the profitability of a biogas plant, its size and initial cost were taken into
account. The researchers concluded that the most common electrical capacity of the station
is 1 MW, and its construction costs range from 4.2–4.8 million euros. In addition, actual
on-site measurements show a variable biogas composition, while engine emissions are
comparable to those of natural gas.

Features of the construction and operation of biogas plants in India to meet energy
needs in rural areas were studied by Kalia and Singh (2004) [21]. In the process of designing
and evaluating the Himshakti biogas plant project, it was found that if stones from the
excavation were used to construct the plants, the cost of these plants could be 9 percent
lower. A methodology for detailed analyses of energy consumption in biogas plants, which
will make it possible to evaluate and develop proposals for its improvement, is proposed
by Lindkvist et al. (2017) [22].

Crucial to the revenues that biogas plants can generate are heat prices. To investigate
the influence of this factor, 602 biogas plant operators in Germany were surveyed, obtaining
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1035 price points. An average price of 1.91 EUR/kWh at the contract level, an average
revenue of 2.1 EUR/kWh at the plant level, and wide price variations across different uses
were found. The higher the price of electricity, the more profitable the biogas plant will be
because the revenue from the sale of the produced electricity will be higher, and there will
be more savings on electricity costs. This should be learned by policymakers when setting
subsidies for biogas plants. In the context of rising electricity prices, the subsidy may be
smaller because of the expected profit from the biogas plant operation [23].

One of the main reasons why research focused on biogas and biogas plants is so
important for society is that they may play a significant role in the transition to a circular
economy, which is the economic model of the future. The environmental effect of biogas
plants is that they help reduce deforestation and harmful emissions and improve soil
fertility and indoor air pollution [1]. The environmental impact of biogas plants is that they
help reduce deforestation and harmful emissions, improve soil fertility, and reduce indoor
air pollution [1]. Hence, electricity generation from biogas has environmental benefits
(reduces emissions and improves environmental performance) and social benefits, but
continuous government support for biogas projects is required [24]. Biogas plants are
particularly important for stabilizing the electricity system by providing electricity during
peak demand periods during the day, as well as for digestate, which is the second product.
On the one hand, a great challenge for plant owners; on the other hand, it can be seen as an
even greater opportunity for agriculture to become an additional source of revenue [25].

Sørensen and Jørgensen (2022) consider biogas production one of the elements of the
bioeconomy and, using input-output analysis, assess the direct and indirect creation of new
jobs in biogas plants [18]. The analysis proved that an increase in biogas production by 10%
of the available agricultural manure would result in a permanent increase of 342 jobs and
an additional annual income of around EUR 21 million [26].

Pfau et al. (2017) found in empirical studies that biogas production can contribute
to the achievement of renewable energy policy goals and the transition to a bio-economy,
encouraging farmers to collect, use, or sell their biomass (and thus increasing the avail-
ability of biomass and their income), allowing the development of new technologies to
improve the efficiency of biological stations, but is still underused and not stimulated
effectively financially [27].

The EU Act on the Promotion of Renewable Energy Production has led to a rapid
increase in the number of biogas plants and a corresponding increase in the share of energy
produced from agricultural biogas or renewable sources. In Slovakia, biomass has the
highest technical potential among all renewable energy sources while also being a long
term, stable energy source with less dependence on seasonal climate fluctuations [28]. That
is why the construction of biogas plants will represent a real increase in income with a
beneficial effect on the environment and a decrease in the share of imported gas used
for heating [28].

Thus, according to the results of analyzing the literature on the problems of biogas
plant use, we can conclude that, as a method of waste processing, biogas plants help to
solve energy and environmental problems, increase the quality of life of farmers, and
address financial and economic issues by providing an additional source of income by
producing biogas used for electricity and heat production. This increases the energy and
financial independence of farms and the country.

At the same time, there are several problems related to the supply of feedstock to
biogas plants, their energy efficiency, and economic viability, which are related to electricity
and natural gas prices, as well as perceived government subsidies. The problems also
include the high cost of biogas plants, the habit of traditional use of straw and waste as
bedding or fertilizer, the insufficient amount of raw materials for processing, and the need
for incentives to switch to new waste treatment technologies. Currently, the state does not
make sufficient efforts to explain the advantages of biogas plants and provide financial
support to farmers. Consequently, many farmers do not fully understand the full range of
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positive consequences of biogas plant use, including the possibility of obtaining a positive
financial and economic effect.

In addition to the direct financial and economic benefits of biofuel production, there
are also indirect benefits through environmental effects. Household waste, in particular
the manure of cattle, pigs, sheep, horses, and other animals, poultry manure, food waste,
vegetable matter, and toilet waste, can significantly pollute the environment and lead to
adverse environmental phenomena such as the penetration of various microorganisms
into the soil. In the case of poultry and water bodies (bacteria, viruses), fungal spores, and
helminth eggs, many of which are potentially dangerous for humans, animals, and plants,
they increase the risk of spreading diseases such as botulism, salmonellosis, dysentery, etc.

It should be noted that the useful effect of a biogas plant cannot always be assessed
only in monetary terms because:

• Firstly, the replacement of mineral fertilizers with biofertilizers is a transition to a new
quality of farming—organic, i.e., environmentally friendly, which has some positive
long term consequences for public health;

• Secondly, recycling and decontaminating animal and crop waste is a transition to a
new quality of life.

In general, the positive consequences of the use of biogas plants include a set of
financial, economic, environmental, and social benefits: utilization and disinfection of
animal and crop wastes; improvement of the quality of life of the population, production
of environmentally friendly products; improvement of energy supply in rural areas; and
additional employment for the people.

The opposing sides of biogas plant operation include difficulties with raw material
supply, problems with logistics and seasonality, high cost of equipment and materials
for biogas plant construction, technical aspects: irregularity of methane emission process
during the period of processing of one load, and labor intensity of separate stages of
production (filling the reactor with raw material and removing sludge from it). Also, due
to limited land resources, their use for growing energy plants or raw materials for biogas
plants reduces the area of possible grain crops for food.

The increased attention to ensuring energy, financial, and economic efficiency of
biogas plants is because business is expected to shift from the dominance of ethical and
environmental priorities to the principles of rationality, efficiency, and pragmatism very
soon. In the mid-term perspective of 5–7 years, entrepreneurs will again return to the need
to support the trend of developing environmentally friendly production, but they will
already take into account the need to ensure its profitability.

It should be noted that most of the works we studied were written in the fields of
bioenergy and biology and studied the technical and technological details of biogas plants
and biogas production. All this is important for the efficient operation of biogas plants,
but aspects of economic feasibility are not sufficiently covered in the studied literature.
Therefore, our work focuses on the benefits of a biogas plant at macro- and micro-levels and
the search for the possibility of reducing the cost of construction of biogas plants by roughly
calculating the purchase of a separate biogas plant and its installation, provided that the
individual works are performed independently (as, for example, in the work by Kalia and
Singh (2004) [21]. From a practical point of view, it can serve as an argument for adjusting
the state agricultural policy. It is a question of providing financial assistance to farmers
(soft loans) for the construction of biogas plants, which would be more appropriate and
effective than the current system of subsidizing agriculture. The realization of this research
is based on the author’s involvement in the long term strategic project of the European
Union—URANOS. This project’s main goal is the creation of a database and knowledge
base to support strategic planning and decision-making processes in the area of adaptation
towards climate change minimalization of agricultural soil degradation, which directly
reflects the long term goal of RIS3—decreasing the chance of risk in the process of ensuring
production functions of agricultural soils related to climate change. The main goal of the
presented study was to find ways to decrease the costs of constructing biogas plants. This
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is through performing a calculation of the costs of purchasing a biogas plant as well as its
installation costs. The authors also conducted a literature search with an emphasis on the
main topic of this paper. The results in the literature were compared to the results obtained
in this research.

2. Materials and Methods

The information basis for writing the article was the open-access data of firms engaged
in the production and sale of biogas plants in different countries, as well as the data of a
private firm that has been using a biogas plant since 2010.

To determine the set of positive consequences and problematic moments of biogas
plant functioning, the analytical method and the method of cause-and-effect relations
were used. By the method of complex analysis and generalization of results of scientific
research and practice, conclusions were drawn about the role of biogas plants in solving
agrarian, environmental, and state energy problems in the state. Along with the method
of generalization, SWOT analysis was used to determine the advantages and risks of the
biogas plant project implementation, which is a very helpful tool to pinpoint relevant
factors. Standard SWOT analysis was used in this paper to identify internal factors—
strengths and weaknesses, as well as opportunities and threats—as external factors for
biogas plants.

Based on the study of materials on the websites of companies that manufacture and
install biogas plants on a turnkey basis, as well as unique literature that describes the
process of construction and installation of biogas plants, an approximate (conditional) list
of works for the installation of biogas plants was drawn up, and the number of necessary
materials was determined according to the construction standards. Using data from the
European Statistical Commission allowed us to determine the prices and calculate the
approximate cost of construction work. All calculations are rather conventional, as they
were made on the example of a small biogas plant and using data from a company whose
name was asked not to be disclosed for ethical reasons.

The calculation of the operating costs of biogas plants was made based on the financial
materials of private farming, which is not part of the group of large agricultural enterprises
and has no significant influence on the local market with/x products and food and special-
izes in crop production. When calculating the biogas plant performance, we relied on the
documentation of producers of biogas plants, which are placed on their sites, as well as
generally known proportions: 1 m3 of biogas can produce 2–2.5 kW of electricity and up to
2.5–3 kWh of heat energy; when producing heat, 1 m3 of natural gas is equal to 1.5 m3 of
biogas. According to Eurostat statistical data, gas prices in Europe have been decreasing
since the end of 2022; on 25 May 2023, for the first time in two years, they dropped below
300 USD/thousand m3. The price dropped 13 times from the record values of the first days
of spring 2022—3892 USD/ thousand m3.

The income discounting method was used to determine the efficiency of using the
biogas plant as an investment project. The discount rate used was the amount of the loan
interest rate and the projected inflation rate of 2.5% (ECB projections).

A regression using ordinary least squares was also constructed to determine the mea-
sure of the cost-benefit and income-benefit ratios (the initial data recalculated in logarithmic
form). The resulting ratios showed a possible percentage increase in profits with a change
in one case—expenditure—and the other, 1%.

3. Results

The SWOT analysis of the construction and operation of each individual biogas plant
is summarized in Figures 1 and 2. SWOT analysis demonstrates that the strengths and
opportunities of biogas plants far outweigh the weaknesses and threats that can be easily
overcome through various regulatory mechanisms.
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The main goal of the SWOT analysis is to demonstrate the potential of biogas plants
as well as the opportunities, threats, and challenges they may face, what strengths can be
promoted as advantages of biogas plants by renewable energy communities, and more.
This SWOT analysis can help both private and state investors decide whether to invest in
this green source’s production. In this SWOT analysis, strengths seem to bear the greatest
significance and weight. These promote the advantages of biogas and biogas plants in social
as well as environmental aspects. According to the URSO statistics, 111 biogas stations
with a total output of 103 MW were established in Slovakia by the end of July 2015 and
108 in 2020. Now, the implementation of biogas and biomethane projects in Slovakia faces
several financial problems. Firstly, the lack of own savings farms for start-up investments
and difficulties in obtaining a loan—as a rule, this is only about 20–25% of the initial capital
costs. Bank borrower requirements are often too stringent for individual investors (for
example, farmers) to raise the necessary capital. From the bank’s point of view, clients often
lack the technical knowledge in this area and the correct calculation of a sufficient number
of indicators to assess the risk/return for individual projects adequately. Some risks are
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difficult to determine, such as the security of feedstock supply or the non-compliance of
biogas with stringent gas quality standards for injection into national distribution networks.
This may affect the loan parameters (increase the percentage, shorten the term).

State support can simplify obtaining a loan for a biogas plant. We conducted a SWOT
analysis to assess the advantages and problems of the installation and operation of biogas
plants, which will help to understand whether the state should support their implementation.

The above SWOT analysis demonstrates that the strengths and opportunities of biogas
plants far outweigh the weaknesses and threats that can be easily overcome through various
regulatory mechanisms. Therefore, it makes sense for the state to support farmers in their
desire to install a biogas plant by providing both preferential financing and explaining the
advantages and possibilities of installing a biogas plant on a separate farm.

We assessed the financial aspects of the implementation of biogas plants at the micro
level to determine the direction of state support for farmers. For a rough estimate of the
cost of purchasing and operating a biogas plant, the following figures can be used: based
on market offers from biogas plant companies, the total cost of a biogas plant without land
costs is EUR 936.6 (USD 500) per 1 m3 of reactor capacity, 30–40% of the total cost is for a
metal reactor, and construction works can be up to 25% of the biogas plant cost. The cost of
each project is calculated based on material prices, the availability of materials, and labor.
On average, the cost of its installation, considering transport and design works, can be
about EUR 150–200 thousand, and the cost of the reactor is shown in Table 1.

Table 1. Cost of a biogas plant and its characteristics, as presented on the specialized sales site [33].

Biogas Plant Volume, m3 Processing of Raw
Materials, Tons per Year

Amount of Biogas
per Year, m3 Price in USD Price in EUR

5 100 5400 7372.781 6905.413

10 250 12,600 9278.107 8689.958

15 360 18,000 18,589.35 17,410.95

25 550 28,800 23,230.77 21,758.15

50 1200 59,400 33,094.67 30,996.77

100 2400 118,800 50,698.22 47,484.41

250 6000 298,800 98,224.85 91,998.28

2,000,000 m3

1.7 kToe
4,800,000 237,600,000 1,500,000–2,000,000 1,404,914–1,873,218

When buying a biogas plant, the fact that the manufacturer reduces its cost, despite
the increase in the volume of the reactor should be taken into account, which, accordingly,
increases the ability to process a large amount of raw material per year. Thus, there is a
financial opportunity to buy more biogas, especially with the possibility of its subsequent
operation by several farms. However, in this case, it should be kept in mind that the
costs of gas and water supply, logistics of raw material supply, and sales of products will
also increase.

Based on data from a private farm that is not a large agricultural enterprise and has no
significant impact on the local market for farm products and food, although it specializes
in crop production, and with the purchase of a biogas plant he sells energy, we analyzed
the cost of implementing a 2448 m3 biogas plant project (2010–2020). In 2010, the cost
of installing and commissioning a 2448 m3 biogas plant was EUR 3.6 million. A soft
loan of EUR 1.5 million at 7 percent interest was taken to purchase the biogas plant. The
amortization period was assumed to be 15 years. The estimated profitability, according to
the documents, is 3.3% per year, and the average annual profit of the farmer should be at the
level of EUR 100 thousand. The biogas plant was used to produce and sell electricity. The
ratio of sold and owned electricity consumption during 10 years was on average 60–80%.
The forecasts of average annual expenses and incomes, which were taken into account by
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the private farmer when estimating the biogas plant as an investment project, are given in
Table 2 (depreciation is not accelerated, equal shares).

Table 2. Data for financial calculations: cost and annual profit for the biogas stations based on forecast
data from a private entity.

Income €/KW KW

Electricity 0.1487

Biogas 7,901,650

Total income 1,174,975,36

Cost items Unit

Depreciation technology 15 years 140,316.9

Depreciation building part 15 years 105,853.1

Interest 7% 96,929.44

Purchase of corn silage 25 €/t 432,500

Digestate export costs €/m3 18,695.89

Operating water costs 0.5 €/m3 100

Energy costs 0.148 €/kWh x 553,115 81,900

Costs per employee 10 €/hour 11,000

Biological service 1000 €/month 12,000

Power plant insurance 1400 €/month 16,800

Service and maintenance of the cogeneration unit 79,016.5

Service and maintenance of the remaining technology 79,016.5

Total costs 1,074,128

Forecast annual profit 100,847.03

By discounting total annual income and total annual costs by the rate of 9.5 (7%—the
average market rate of credit and 2.5%—the average annual rate of inflation), we got the
following indicators in Table 3.

Table 3. Discounted income and expenses of a biogas plant (EUR, thousand).

Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Total
Ammount

Costs 107.43 1031.89 991.1 952.0 914.5 878.4 843.8 810.5 778.6 747.9 718.5 690.1 662.9 636.8 611.7 587.6 12,930.8

Income 1174.9 1128.6 1084.2 1041.4 1000.4 960.9 923.1 886.7 851.7 818.2 785.9 754.9 725.2 696.6 669.1 642.8 14,144.8

Thus, the NPV for 15 years of operation of the biogas plant was EUR 1.2 million, which
made the biogas plant an attractive enough project.

As for the actual economic indicators of the biogas plant operation, according to data
provided by the private sector, only four years from 2014 to 2017 were profitable for the
period of operation of the biogas plant from 2012 to 2020 (Table 4).

Profit was only generated if the portion of electricity sold was more than 70%. This
is because the main component of efficiency is the expression of additional benefits from
the sale of electricity. For waste treatment’s ecological and economic efficiency, both the
financial savings on energy resources obtained by processing waste and the income from
the sale are important. The difference in the price of natural gas and the cost of production
of own biogas reduces direct material costs in the cost structure of the main production, and
the income from sale increases the profit. Thus, the potential profit of biofuel production on
a farm is determined based on its needs for energy resources and the possibility of realizing
the produced electricity.
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Table 4. Financial indicators of the biogas station based on data from a private company, EUR.

Year 2012 2013 2014 2015 2016 2017 2018 2019 2020

Costs

Silage 124,590.12 146,520.75 123,026.245 187,330.6 352,475.3 192,482.8 108,842.5 291,862.9 188,034.7

Repairs and services 57,427.15 117,135.81 154,806.205 159,576.3 158,128.3 139,131.2 149,669 88,631.13 124,907.9

Depreciation 0 307,589 266,264 397,013 371,142 371,142 371,142 371,142 371,922

Personal expenses 26,798.43 25,423.05 105,754.79 54,112.93 82,413.77 68,810.52 80,076.71 93,581.62 66,363.06

Material 127,142.95 3123.57 21,325.69 13,007.79 32,763.53 6442.84 90,237.69 11,045.09 10,031.28

Energy 0 57,832 33,454 28,067 23,821 24,771 20,413 28,671 24,860

Tax and fees 0 0 19,422 27,196 15,095 14,382 9113 16,343 19,902

Total costs 335,958.65 657,624.11 724,052.4 866,303 1,035,838 817,161.9 829,494 901,277.4 806,020.8

Revenues

Sales 265,694 709,030 1,531,944 1,538,038 893,350 715,991 796,541 717,574

Damage compensation from
the insurance company 922,848 6093 70,830

Subsidies 95,242 95,242 70,867 70,867 70,867 70,867

Total bank loans 300,000 1,631,807 1,520,400 1,341,496 1,199,496 1,630,653 1,512,602 1,386,651 673,690

Total revenues 300,000 1,897,501 2,324,672 3,891,530 2 814 494 2,594,870 2,299,460 2,254,059 1,462,094

The loss rate in the first two years was at the level of 10–11% due to loan repayments,
and in the last years (2018–2020), it was 1–2%. The expiry of state subsidies and the need to
apply for them due to changes in the legislative requirements, where the focus was shifted
from biomass processing to agricultural waste, worsened the situation with the profitability
of the biogas plant.

The regression analysis of the profit-to-expenditure ratio showed that the profit-to-
expenditure ratio was less than the income ratio (co-effects 0.88 and 1.44, respectively).
However, an R-square = 8% regression of profit on income means there is no linear rela-
tionship, possibly due to the presence of subsidies, so we do not present this regression in
the article. Profit is negatively affected by the operating costs of the biogas plant, deprecia-
tion (about 50%), maintenance (Jenbacher repair service, 10%), the high ongoing costs of
operating and maintaining the plant, as well as the cost of materials and labor [24].

• procurement (payment, collection, and transport of raw materials);
• water consumption for cleaning the farm and breeding the feedstock;
• fueling and operation of the biogas plant;
• monitoring, inspection, and repair of the biogas plant;
• storage of biofertilizer;
• distribution and utilization of biogas.

A regression analysis of the dependence of profit on expenses is given in Table 5.
As world practice shows, it is possible to save money on the biogas plant project by

performing part of the work and some elements of installation independently. For example,
many construction materials (digging of pits, construction of protective hedges) can be
performed independently, and any hermetically sealed container can be used as a reactor
or welded from steel sheets.

There are three main categories of costs associated with biogas plants:

1. The cost of construction and materials;
2. The cost of operation and maintenance;
3. Interest if a loan is taken for the construction of a biogas plant (on average, banks

charge 7–9% per annum for a soft loan under state aid).
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Table 5. Regression analysis of the dependence of profit on costs.

Summary Output

Regression Statistics

Multiple R 0.979896

R Square 0.960196

Adjusted R Square 0.953562

Standard Error 0.040102

Observations 8

ANOVA

df SS MS F Significance F

Regression 1 0.23277 0.23277 144.7398 0.0000200083530252173

Residual 6 0.009649 0.001608

Total 7 0.242419

Coefficients Standard Error t Stat p-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%

Intercept −3.20232 0.779509 −4.10812 0.0063 −5.10970663 −1.29493 −5.10971 −1.29493

costs 1.471474 0.122309 12.03079 0.000020008353 1.172194158 1.770753 1.172194 1.770753

A government subsidy can compensate for the high costs of loan repayment during the
first few years. Therefore, the state should bear part of the cost of financing biogas plants
by directly subsidizing their installation through private measures or reimbursing the loan
amount to compensate for the interest rate. Usually, the share of equity capital in the total
capital costs of a prominent investment project (and the construction of a biogas plant is
the same for a single farm), according to the data of a specialized investment company, is
from 10 to 50% [30].

The proportion of the distribution of own and public funds in the financing of the
biogas plant depends on several factors:

• cost of a biogas plant: the greater it is, the greater the need for subsidies;
• financial situation of the farm;
• the level of risk—the propensity to invest with a high level of risk is higher for

investment companies, and the state is focused on the macro-economic effect, which
also increases the risk threshold of its investments;

• positive external macroeconomic effects that justify a government subsidy.

The percentage of funding from the state is determined according to the parameters of
each individual project. To overcome financial obstacles, farmers use different approaches,
including attracting sponsors—energy companies or large agro-firms—or farmers can
form agricultural co-operatives. Market-based financing methods, such as green bonds or
investment company trust funds, can be used [34]. There are many financing models, but
not all farm managers are aware of them.

Also consider the possibility of reducing the cost of the first item during the construc-
tion phase of the biogas plant premises. The construction cost includes all the traditional
costs necessary for the construction of an industrial facility (cost of land acquisition or
lease, foundations, preparation and installation of the reactor, gas system, storage and
mixing tanks for raw materials and fertilizer, storage tanks for biogas and biofertilizer,
wages of workers, etc.) and depends on factors such as the model and size of the biogas
plant, quantity and cost of materials required, a number of working days, and the wages of
maintenance staff.

Table 6 gives an estimate of the estimated cost of construction and commissioning of
an individual biogas plant with a volume of 2500 m3, provided that the farm performs
construction work independently.
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Table 6. Approximate estimates for construction and commissioning of an individual biogas plant
with a capacity of 2500 m3.

Materials Quantity Price for 1 pc, EUR Total Price, EUR

1. Building materials:

Cement, kg 500 0.37 185

Ready-made cement, m3 2 111.36 222.72

Lime, kg 20 0.96 19.2

Sand, kg 1000 16.86 16,860

Brick, pcs. 4000 4.5 18,000

Gravel, kg 2000 16.86 33,720

Polyurethane foam, mL 750 7.93 158.6

Fiberglass, m2 4.56 7.33 219.9

2. Optional equipment:

Pipes, m 200 6.22 1243.68

Fittings 10 1.8 1807.6

Couplings 5 3.7 822

3. Household equipment:

Chemical reagents, L 5000 42 210,000

Biogas plant (technology
and equipment) 1 749,400

Biogas gas stove 1 30,641

4. Salary:

Skilled labour of workers EUR/m2 209.11 41,822

Assembling 2.07 414

Overall expenses 1,105,536
The author’s own calculation is based on Zorg Biogas (2023) [35] and private company data.

Thus, if the construction works are performed independently, the cost of implementing
a biogas plant in 2022 would be 1,105,536 euros, which is significantly lower than the cost of
purchasing a biogas plant package of work for its commissioning in the case of the example
we considered of a private farm (EUR 3.6 million in 2010). With inflation of 2.5% over the
years, the cost could have risen to EUR 3.69 million. However, it appears to be lower. We
assume that this is the result of independent construction work, as well as the fact that the
decrease in costs is also due to the overall cost reduction of biogas plants as a result of their
wide use and technical progress.

In general, the purchase and utilization of biogas plants at the farm level, provided that
a state subsidy is received, can be break-even: while being financially unprofitable in some
years, it can bring significant benefits in the energy, environmental, and social dimensions.
When assessing the macro- and microeconomic financial and economic efficiency of biogas
plant construction, it is necessary to take into account the fact that the use of individual
biogas plants contributes to the integrated solution of agricultural and energy problems.

4. Discussion

The necessity to spread biogas plants in Slovakia at the macro level is determined by
the financial, economic, and energy problems of the current period and the need to follow
the “green” course of sustainable development, which is the main direction of EU policy.
The need for the use of biogas plants by farms is determined by the fact that, firstly, these
farms have a raw material base: in addition to household waste, there is also waste from
auxiliary farms, the increase of which leads to an increase in the negative impact on the
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environment. Secondly, the growing cost of energy resources worsens the financial and
economic condition of the country and individual farms and pushes them to search for
new sources of profit. A SWOT analysis of the use of individual biogas plants allowed
us to demonstrate the obstacles to the expansion of the use of individual biogas plants
in agriculture in Slovakia. Our results of SWOT analysis were similar to the results of a
study conducted by authors Brudermann T. et al., although they concluded their research
pointing to results indicating strong drive by external factors, which was different in our
case [36]. In general, the construction of individual biogas plants operating on crop and
livestock waste is bio-energy efficient and economically beneficial for society.

The study of the financial and economic aspects of the purchase and operation of
biogas plants based on the experience of a private company, as well as the assessment of
the cost of construction of biogas plants, considering the possibility of self-performance of
some of the works, showed the possibility of significant cost reduction in the latter case.

We estimate the total cost of the biogas plant start-up work to be EUR 1,105,536 if the
individual works were carried out independently, whereas the project for the purchase and
installation of biogas plants in 2010 cost EUR 3.6 million. According to a similar study, in
Latvia, biogas plants seem to be more expensive. Total investment was calculated to be
3,600,000 EUR, solely plant expenses being 2,892,384 EUR [37].

5. Conclusions

Based on the data obtained from the private farm, we have tested the profitability of
the project for a biogas plant of 2448 m3. The estimated NPV for 15 years of operation of the
biogas plant was EUR 1.2 million, which made the biogas plant an attractive enough project.
In fact, only four years from 2014 to 2017 were profitable for the period of exploitation of
the biogas plant from 2012 to 2020.

According to our estimates, it is possible to reduce the cost of commissioning and
commissioning of the biogas plant if individual works are carried out independently
(EUR 1,105,536 in 2022. against EUR 3.6 million in 2010). According to the analysis of the
private company data, the profit was realized only if the share of electricity sold was more
than 70%. If energy prices rose, as was very likely in the current volatile global energy
markets, they would be at a loss.

The purchase and use of biogas plants by a farm under the condition of state subsidy
may be unprofitable at the level of the individual farm but can bring significant benefits to
society in the energy, environmental, and social dimensions. So, regarding the performance
of the biogas plant, the anaerobic digestion of organic waste in the bioreactor produces:

• Biogas has approximately 60% methane, 38% carbon dioxide, and 2% hydrogen sulfide
and moisture. After purification from hydrogen sulphide and moisture, it is used as
natural gas in conventional gas appliances with minimal modification.

• Biofertilizers without the smell of pus have a moisture content of 95% and contain all
the necessary complex of nutrients NPK, which is not the case with manure, which
overripens in heaps because nitrogen fertilizers evaporate by 80%. In Europe, a tonne
of biohumus with a moisture content of 40–60% costs approximately EUR 500. Thanks
to biofertilizers it is possible to increase yields by 10–20%, and the output will be
environmentally friendly (organic) products grown without mineral fertilizers and
herbicides (weed seeds on biogas plants lose germination). Organic products cost at
least twice as much as conventional ones.

That is, not enough positive direct effects at the micro level will be covered by indirect
benefits at the macro level. The positive influence of biogas plants will spread to such indus-
tries as agriculture (waste processing and biofuel production, improvement of farmers’ living
standards, energy sector: consumption of biogas for heat production, electricity, or transport);
production and maintenance of biogas plants will receive a strong impulse. Environmental
protection: reduction of greenhouse gas emissions and improvement of air quality.

SWOT analysis of the use of individual biogas plants has confirmed their value for
society and financial and economic feasibility at the micro level. Increasing the number of in-
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dividual biogas plants will allow the state to take a step towards solving the environmental
problem of waste processing and create the possibility of additional electricity production
and additional income for farmers. In the future, it will save budget funds, which are now
spent on subsidies for agriculture. Agrarians will be able to process waste into biofertilizers,
biofuels, and electricity. Manufacturers of biogas equipment will expand sales of their
products and gain profit, which can give a multiplicative impetus to the development of
production in neighboring industries. Thus, the total financial and economic effect will
significantly exceed the benefit of an individual farm. Therefore, it is advisable to envisage
such a direction in state aid to agriculture as stimulating the purchase and operation of
biogas plants by farms, which forms the basis for future savings of public funds and solves
environmental, financial, and economic problems. In order to make a balanced transition, a
plan should be developed and followed to reorient agricultural subsidies from land size to
the criterion of the level of use of modern technologies, including using a biogas plant in
the framework of the EU Green Policy.

Several technical details of biogas plant operation have been overlooked in this paper—
fluctuations in biogas production during the winter months and insufficient use of dynamic
investment appraisal methods defined in terms of cash flows. Also unexplored is the
problem of feedstock supply for biogas plants—agricultural waste may not be enough to
keep the plant running, which may require the use of biomass for the biogas plant. In turn,
this creates a dilemma between the efficiency of utilizing land for crops to produce grain
for food consumption, or to produce bioenergy. A more detailed analysis of these points is
the subject of future research.

The implementation of methods of processing waste and biomass into biofuels through
the installation of biogas plants seems to be quite accessible. The stemming recommen-
dation is the stimulation and support of farms, which should bring many positive effects
to agriculture as well as energetics. That way, the energetic independence of farmers
can increase, and the current situation of the environment can get better through waste
recycling. This can be a great opportunity to decrease fuel costs and earn additional income
in the case of the sale of biofuels or their purchase by the state, as well as contribute to
innovative technologies within the “green course” development of the European economy.
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