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Abstract: The energy transformation of EU countries brings challenges in the field of energy
policies and forms of state support. Moreover, the introduction of new technologies and the
production of energy from renewable sources often face resistance and negative attitudes from
the population. Slovakia is a country, which, in addition to decarbonisation, needs to diversify
resources and reduce energy dependence on Russia. Especially after the Russian attack on
Ukraine in 2022. One of the forms of energy production that has experienced rapid growth is
anaerobic digestion in agricultural biogas plants. In the example of Slovakia, this study eval-
uates the impact of European and national energy policies on changes in the energy mix and
the development of energy production from biogas. Subsequently, in the form of guided inter-
views with biogas plant managers and mayors, and a questionnaire survey in the affected mu-
nicipalities, it identifies the perception of biogas plants and identifies the factors that shape it.
The results show that after the optimization of national energy policies and forms of subsidies,
the rapid development of energy production from biogas has slowed down. However, the les-
sons learned from the case studies offer important insights on how to eliminate the resistance
of the local population to the operation of a biogas plant and the overall negative attitudes
towards this form of energy production. All the surveyed communities sensitively perceive the
negative effects of the biogas plants operation. However, in communities that share the bene-
fits from the plant’s operation (taxes, sponsorship, good image, established economic activi-
ties, and new jobs), the plant acceptance is much better. Technology as such, as well as the idea
of building additional biogas plants, have much better support in these communities.
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Introduction

Global energy consumption and its environmental impacts are constantly growing, and so
is the social and political importance of this issue. The need to transform the traditional energy
system is widely accepted. Although approaches to such a transformation vary among experts
and in national policies, they agree on the need to eliminate the use of fossil fuels in favor of
renewable and low-emission energy sources. In many regions and countries, including
the United States and the European Union, the transformation is also linked to a reduction of
economic and geopolitical vulnerability stemming from dependence on import of the fossil
energy sources (Bluszcz 2016, Mata Pérez, Scholten and Stegen 2019, Miciuta, Wojtaszek and
Wiodarczyk 2021).

EU legislation on the promotion of renewable energy sources has also developed signifi-
cantly over the last 15 years. In 2009, EU leaders set a target of a 20% share of renewables in
EU energy consumption by 2020 (Directive 2009/28/EC). In 2018, a target for 2030 was set
to 32%, which was even increased in 2021 to 38-40% (Directive 2018/2001, Directive
2021/550). With regard to the EU's goals, Slovakia was to increase the share of energy pro-
duced from renewable sources to 14% by 2020, which it achieved in advance (Chodkowska-
Miszczuk et al. 2020). Energy policies and the ways in which financial support instruments
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are set up appear to be key instruments in supporting renewable energy production in Central
European post-socialist countries (Chodkowska-Miszczuk, Kulla, and Novotny 2017). How-
ever, as in other parts of the world, new projects often struggle with negative perception and
resistance from the local population (Upreti and van den Horst 2004, Magnani 2012). Thus it
is very important to identify examples of good practice in this area and to make recommenda-
tions from them. In NextGenerationEU — the largest stimulus package during the existence
of the European Union, the goal to make Europe a climate-neutral continent by 2050 is a pri-
ority (European Comission 2021). With such an ambitious goal, it is essential to deal with
the social acceptance of the use of renewable energy sources.

Taking into account traditional energy sources (nuclear, coal, natural gas), Slovakia is al-
most completely dependent on their imports. That is why the development of the use of re-
newable energy sources is of great importance in the country. Of the renewables, hydropower
and photovoltaics are the most developed. Over the last 20 years, there has also been a signif-
icant development in the production of energy from biogas (Chodkowska-Miszczuk, Kulla and
Novotny 2017, Janicek et al. 2017, 2018). However, the rapid development of this segment
has also brought considerable resistance from the population, due to which several planned
projects have been stopped.

The aim of this study is to assess the role of agricultural biogas plants (ABPs) in the process
of transformation of the energy system of the Slovak Republic and to identify regularities and
differences in the perception of ABPs by the population. For that purpose, a case study
of northwestern Slovakia, which is characterized by a large concentration of ABPs in a small
area, is employed. Based on these findings a possible vision for the future use of existing ABPs
is outlined.

Conceptual background
Policies towards Green Europe idea: Renewable energies in the EU and Slovakia

Energy production in the European Union is linked to two key problem areas. On the one
hand, it is the largest source of greenhouse gases, and on the other hand, it is highly dependent
on the import of energy raw materials. This is especially problematic for oil (97% imported)
and natural gas (90% imported) and it increases the EU's energy, economic and geopolitical
vulnerability. The recent enormous rise in gas and electricity prices is also a manifestation of
this vulnerability (EPN 2021). Nuclear energy production has decreased recently, but it still
covers almost 25 % of electricity produced in the EU (Eurostat 2022b). Uranium imports are
nearing 100% of its consumption, however, unlike fossil fuels, its distribution in the world is
more even (about 20% of imports currently come from Niger, Russia, Kazakhstan, Canada,
less so from Australia, Namibia, and other countries). This, together with the possibility to
build up nuclear fuel reserves for several years to come, means that the production of nuclear
energy does not increase the EU's vulnerability significantly. Even though nuclear energy pro-
duction does not generate greenhouse gases, it is under pressure, mainly for concerns about
the safety of the production and storage of radioactive waste (Jancura and Prozbik 2019, Eu-
rostat 2022).

Reflecting these circumstances, the EU is taking steps to build the Energy Union. In 2015,
the Framework Strategy for a Resilient Energy Union with a Forward-Looking Climate
Change Policy was presented (Directive (EU) 2015/080). The ambition of the strategy is to
make the EU a common energy system in an efficient manner using locally available, renew-
able energy resources and intensively developing low-emission technologies. Moreover, the
EU energy policies aim to regulate a proportion of energy produced from RES in each member
country by appropriate documents among which the fundamental one was the Directive of
the European Parliament and the Council no. 2009/28/WE (Chodkowska-Miszczuk, Kulla and
Novotny 2017). In 2018 it was repealed and replaced by the Directive (EU) 2018/2001 on
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the promotion of the use of energy from renewable sources and Regulation (EU) 2018/1999 on
the Governance of the Energy Union and Climate Action which introduced a new, binding, re-
newable energy target for the Union for 2030 of at least 32%. The target was later even increased
to 38-40% (Directive 2021/550). In 2020, the EU adopted the NextGenerationEU (NGEU), the
temporary instrument designed to boost the recovery and help to rebuild a post-COVID-19 Eu-
rope. When considering funding, the first and the most important NGEU's pillar is to make Eu-
rope green — to make it a climate-neutral continent by 2050. Such massive financial and institu-
tional support has the potential to strengthen the role of renewable energy in the energy mix
of individual EU countries. In 2022, the European Commission proposed including nuclear and
gas power in the bloc’s sustainable finance taxonomy (Euractive 2022). Even though these tech-
nologies were included in the taxonomy only as “transitional”, some countries may prioritize
them over the RES. At the same time, it may slow down the reduction of dependence on natural
gas imports, which appears to be problematic in terms of the EU's energy vulnerability.

Slovakia is a country poor in energy raw materials. Almost 90% of primary energy sources
are imported. The only major domestic energy source is brown coal. However, in line with the
EU's goals, its mining has been gradually declining and should quit in 2023, as well as the
burning of coal for energy production (PPCA 2020). Therefore, it can be expected that in the
coming years nuclear energy, which currently covers about 56% of total electricity production,
will still be the most important in Slovakia. In addition, a new unit of the Mochovce Nuclear
Power Plant is expected to be launched in 2022 (WNN 2021, SITA 2022). Launching a new
unit will change the power balance of Slovakia from imports to exports. However, it will sta-
tistically reduce the share of energy produced from renewable sources. The second most im-
portant source is hydropower, which provides 16% of electricity. Thanks to this composition
of the energy mix, Slovakia is a country that has low emissions from electricity production.
Still, it needs to intensify the use of RES and increase their proportion in the energy mix.

In comparison with the Visegrad Group countries (V4 — Czechia, Hungary, Poland, Slo-
vakia), the energy intensity of Slovakia is the lowest in the long term, and it even decreased
considerably since the early 2000s. Nonetheless, Slovakia remains among the most energy-
intensive economies in the EU, especially given the structure of industry, as it consumes almost
80% more energy per unit of GDP than the EU average (MENVSR 2020). This makes the
transformation of the energy system in Slovakia even more important.

After 2000, several laws and strategies were adopted supporting the use of renewable en-
ergy sources in Slovakia. Chodkowska-Miszczuk, Kulla and Novotny (2017) provide a de-
tailed overview of these documents. Directive 2009/28/EC on the promotion of the use of en-
ergy from renewable sources for Slovakia resulted in a commitment to achieve a 14% share of
energy from renewable sources in gross final consumption by 2020. Reflecting this, the Na-
tional Renewable Energy Action Plan (MESR 2010) was adopted in 2010 (MESR 2010).

Gross final consumption includes all energy consumed by end-users and power plants. Ac-
cording to Eurostat (2020), Slovakia managed to reach its goal in 2019 (Fig. 1). In 2018, it
seemed that Slovakia would not meet it, but between 2018 and 2019 the share increased sharply
from 11.9 to 16.9%. However, the reason was not a sudden change in the energy mix, but updated
data on biomass consumption in households based on the new data from a survey of households
carried out by the Slovak Hydrometeorological Institute and Statistical Office (Jencova 2021).

Support for RES contributes to energy self-sufficiency, the elimination of greenhouse
gases, can stimulate technological development and innovation, and eliminates the economic,
energetic and geopolitical vulnerability. It also provides new job opportunities even in rural
areas. The negative side of some forms of RES is mainly the price of energy (Chodkowska-
Miszczuk, Kulla and Novotny 2019). The energy produced by solar, wind or biogas plants has
long been several times more expensive than energy from nuclear, hydroelectric or coal-fired
power plants (IEA 2021). However, the sharp rise in fossil fuel prices in recent months could
contribute to the competitiveness of renewable energy.
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Fig. 1. Share of energy from renewable sources (in % of gross final energy consumption)
Source: Eurostat (2022a)

Biogas as a renewable energy source in the EU and Slovakia

The oil crisis of the early 1970s, as well as the development of modern technologies, stim-
ulated the development of energy production from biogas. In 1985, there were 75 biogas plants
in operation in Germany. In 2013, there were already more than 14,500 ABPs in Europe,
of which more than 9,000 were in Germany and almost 1,400 in Italy. In the Czech Republic,
which is a pioneer of such energy production in the post-socialist EU countries, 500 ABPs
with an installed capacity of almost 400 MW were already in operation in 2013 (Chodkowska-
Miszczuk, Kulla and Novotny 2017). This period represents the biggest boom in building
ABPs in Europe. In Germany for example, the number of plants was increasing by more than
a thousand a year in the period 2009-2011 (Torrichos 2016).

It is evident that some European countries have been more successful than others in ex-
ploiting their domestic potential for biogas production. For example, Germany produces more
than 1 MWh per person and year, France, Norway, and Sweden only around 0.2 MWh per
person and year. The average for the EU-27 is nearly twice as high, just under 0.4 MWh (cal-
culated based on Eurostat 2021a, b). The production in Slovakia is only 0.1 MWh per person
and year (Energy 2020). However, there is a potential for production in Europe even higher
than currently achieved in Germany. This shall be obtained mainly by agricultural biogas, but
there is also a potential for increased anaerobic digestion of sewage sludge and municipal or-
ganic waste in some countries (Gustafsson and Anderberg 2022).

The development of biogas plants in Slovakia, as well as in other Central European coun-
tries, significantly affected the adopted legal framework and the deployment of financial sup-
port for energy production from RES. Chodkowska-Miszczuk, Kulla and Novotny (2017)
identify that relationship during the period of rapid development of biogas energy production
and agricultural biogas plants construction from the mid-2000s to mid-2010s. They also pro-
vide a thorough insight into the support mechanisms that contributed to the growth. The sup-
port mechanisms are similarly with other EU countries (cf. Gustafsson and Anderberg 2022)
based mainly on feed-in-premiums, feed-in-tariffs, or tax exemptions. Gustafsson and Ander-
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berg (2022) summarize that the generous financial support in most of the countries was guar-
anteed for a very long time horizon, which made investments in biogas energy production very
attractive on the one hand, but began to put an unsustainable burden on future state budgets
and distorted the competitive environment (cf. Chodkowska-Miszczuk, Kulla and Novotny
2017) in renewable energy production. Therefore, many countries, including Slovakia,
reduced financial support to less attractive levels for new projects. Changes in energy policies
and financial support also brought some uncertainty to investors. This is in contrast to
the stability and continuity that many studies consider to be key factors in the success of poli-
cies in support of the development of biogas energy production (Chodkowska-Miszczuk, Kulla
and Novotny 2017).

Perception and social acceptance of biogas plants

One of the biggest obstacles to the development of renewable energy production is
the resistance of the local population to such projects (Martinat et. al. 2017, Prosperi, Lom-
bardi, and Spada 2019, Dumont, Hildebrandt and Sempuga 2021, Strober et al. 2021, Kulla et
al. 2022). Therefore, social acceptance, defined as the active or passive approval of a policy
by the public, is a major challenge in achieving the goals of building renewable energy facili-
ties (Bertsch et al. 2016, Batel 2020). In this regard, it is possible to distinguish between
a general public-wide acceptance (or socio-political acceptance) and a local acceptance on
the level of community that is directly affected by a particular project (Wiistenhagen et al.
2007). Representative surveys indicate strong support from the population of the European
Union (EU) for renewable energy (European Commission 2007, 2010). This means that there
is a general public-wide acceptance of the renewable energy projects implementation. How-
ever, at the local level, when it comes to a specific project, certain resistance from the local
population appears. This discrepancy between general public-wide and local acceptance can
be explained by the concept of "Not in my backyard" — NIMBY (e.g. Bell, Gray and Hagget
2005, Devine-Wright 2005, Warren et al. 2005, Van der Horst 2007, Batel 2020). This means
the element of the theory of rational choice, which is that human behaviour is motivated mainly
by self-interest (Hunter and Leyden 1995). In the context of renewable energy, this means that
people usually support the development of renewable energy only if the facility is not supposed
to be in their proximity.

Several scientific studies have examined the perception of biogas plants by residents of the
community in which such a facility was built. Segreto, Principe, and Desormeaux (2020) pro-
vide a qualitative analysis of 25 case studies addressing the significant factors of social ac-
ceptance of renewable energy projects in Europe. They point to the need to better understand
the general trends in the local acceptance of RES facilities throughout Europe, thus eliminating
negative public attitudes and facilitating the implementation of renewable projects. Of the case
studies analyzed, most focus on the acceptance of wind and solar installations, which have
a long history in Europe. Biogas is addressed by Upreti and Van den Horst (2004), Zoellner,
Schweizer-Reis and Wemheuer (2008), Magnani (2012), Soland, Steimer and Walter (2013),
Prosperi, Lombardi and Spada (2019), Chodkowska-Miszczuk, Kulla and Novotny (2019),
Martinat et al. (2022), Kulla et al. (2022).

Martinat et al. (2017) used a questionnaire survey to examine the perception of three se-
lected ABPs in the Moravian-Silesian Region in the Czech Republic. Their aim was also to
identify and provide local governments and investors with suggestions on how to avoid mis-
takes that worsen public perception. The survey shows that the basic condition for social ac-
ceptance of ABP is to maximize the benefits for the local population and minimize the negative
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impact on their quality of life. It is also clear that there is a higher level of acceptance in mu-
nicipalities where ABP construction plans were regularly consulted with the local population
and where there is cooperation and trust between the plant operator and the municipality.

The perception of ABPs in three communities in Poland, Czechia, and Slovakia is ad-
dressed by Chodkowska et al. (2020). Among surveyed countries, respondents in Slovakia
have the most negative attitude towards the ABPs in operation. The most common reasons for
negative attitudes comprise odour, noise, absence of benefits for the community, unrealized
projects for the use of heat, etc. In order to identify regional and individual advantages and
disadvantages as well as the acceptance of ABPs by the local population, Kortsch, Hildenrand,
and Schweizer-Reis (2015) conducted qualitative research in four municipalities in East Ger-
many. Respondents cited odour, noise, excessive targeted corn cultivation, and increased traf-
fic as the biggest negatives of ABPs. Among the positives, they mentioned the economic ben-
efits for the municipality and the ecological way of energy production. Schumacher and
Schultmann (2017) offered largely similar results on biogas perception, addressing residents
living 1 km or less from the ABP. Of the respondents, only 18.5% accept a distance from
the ABP of less than 1 km. In a study by Bertsch et al. (2016) it as many as 40%, but residents
living at a greater distance from the ABP were also addressed here.

Data and methods
Study area

When evaluating the policies and the role of energy production from agricultural biogas,
we took into account Slovakia as a whole. However, we examined the perception and social
acceptance of biogas energy in detail in a specific territory of north-western Slovakia.
The selected area is characterized by a high spatial concentration of ABPs. There are nine
of them in five villages on the approximately 50 km section in the Vah River valley (there
are two in one village and even four in another) in the Trenc¢in county (Fig. 3). The total
installed capacity of these ABPs is 12 MW, so it is clear that the average installed capacity
is over 1 MW, and thus that they are large ABPs. The smallest ABP is in Mestecko, its
installed capacity is 0.68 MW.

In addition to the spatial concentration of ABPs, the surveyed area was chosen because all
localities in which we examined ABPs are characterized by similar geographical, natural and
social-economic characteristics. Such similarity at least partially eliminates the influence of
these characteristics on the differentiation of the perception of ABPs by local actors and the
population. This allows for a better understanding of the role of relationships between the ABP
investor, the municipality, and the local population.

It is a relatively densely populated and one of the most industrialized areas in Slovakia.
It is important for the functioning of ABPs that agriculture is also developed in this area. Live-
stock production focuses mainly on cattle, sheep, and poultry. The cultivation of potatoes and
less demanding cereals and fodder is of great importance in crop production. As a result of the
operation of ABPs in the region, a sharp increase in the sown area of maize in recent years has
been recorded. For example, in the district of Ilava (where Horovce and Kamenicany are lo-
cated), it increased from 426 hectares to 1,208 hectares in the period 2009-2017.

We conducted controlled interviews with ABP operators and mayors in five rural commu-
nities (Horovce, Meste¢ko, Tren¢ianska Tepla, Velké Bierovce and Kamenicany; fig. 2).
A specific case is ABP, which is located in Kamenicany, but at about the same distance from
the village Slavnica. Kamenicany and Slédvnica form a compact built-up area, but from an
administrative point of view, they are separate municipalities. We, therefore, conducted a
guided interview also with the mayor of Slavnica. We conducted a questionnaire survey to
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explore the perception of the population in two communities that we selected based on the
shortest distance of APBs from residential areas, and the intensive and sensitive perception of
the ABPs by the local population indicated by mayors during the interviews. This way we
selected ABPs in Horovce, and in Kameni¢any and Slavnica. We considered Kamenicany and
Slavnica as one community, but the questionnaire survey in some aspects also showed a dif-
ferentiated perception between these municipalities, which we point out when interpreting the
results. All surveyed municipalities have 500 — 700 inhabitants. An exception is Trencianska
Tepla with more than 4,000 inhabitants.
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The researched ABPs were built during the period of the biggest ABPs construction boom
shortly after 2010. Their relatively large installed capacity is in line with the subsidy policy at
the time and suggests that their investors were more focused on profit than on agricultural
waste treatment. The range of substrates used is quite diverse but the maize is usually a basic
substrate. It can be considered a positive that all biogas plants process beet cuttings from the
sugar factory in Trencianska Tepla, with the use of which the factory had major problems in
the past. Livestock waste (cattle manure, poultry manure, and whey) is sourced from local
suppliers. Due to its high need, corn silage is also imported from more remote regions (about
100 km in the case of BPS Kamenicany). In recent years, the proportion of food waste in the
substrates has also increased.

In 2012, a law was passed requiring new ABPs to use at least 50% of the heat produced.
As the investigated ABPs obtained operation permits before 2012, the heat produced is mostly
underused by most of them. It is used to a greater extent in Kameni¢any and Mestec¢ko. The
basic characteristics of the investigated ABPs are given in table 1.

Tab. 1. Basic information about the biogas plant case studies

Community Investor Start Electric Substrate Use of heat
of the installed
operation capacity (MW)
Kamenicany NWT company 2012 0.999 Maize, manure, hay Heating of a large-scale glass-
house for tomato production
Horovce Biotec Company 2010 - 2.996 Maize, rye, haylage, Heating of on-site buildings,
2013 chicken and cattle manure, halls, offices. The plan for con-
beet cuttings, food waste,  necting residential homes has
urban greenery never been realized.
Trencianska BEF, s.r.o. 2011 0.999 Beet cuttings Only fermenters
Tepla
Velké Bierovce Bioplyn 2012 1.998 Maize, sorghum, haylage,  Only fermenters
Bierovce, s.r.o. cattle and chicken manure,
beet cuttings, burnt oil,
breadcrumbs
Mestecko PD Mestecko 2012 0.680 Cattle and chicken manure, Fermenters and five farm build-
maize, whey ings

Based on the information provided by the ABPs’ operators in 2018

Data collection

Following the identification and reconnaissance of the study area, we conducted controlled
interviews with mayors and with representatives of operating biogas plants in the April of
2018. The interviews aimed to obtain information from competent persons who provided us
with valuable information about the process of preparation and construction of ABPs, their
operation, and mutual relations between the municipality and ABPs. The interviews were rec-
orded, which ensured a consistent capture of the thoughts of the interviewees. The interviews
provided valuable insights, while also making it possible to identify communities suitable for
research into the perception of ABPs by the local population. We conducted a questionnaire
survey in Horovce and Kameni¢any/Slavnica, where ABPs are similarly located, but previous
interviews have shown that the relationship between ABPs and municipalities is significantly
different, and the electrical capacity installed and the use of heat are also different.

The operators of the ABPs were asked about the following matters:
- Economic aspects of the ABP operation
- Relations and information flow between ABP, municipality, and inhabitants
- Plans with future operation based on attitudes towards current energy policies in Slovakia
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The mayors of the given municipalities were asked about the following matters:

- Providing information to the municipality and residents about the operation of the bio-
gas plant and participating in the decision-making process (in the preparatory phase of
the ABP project)

- Impact of ABP operation on local development and its benefits for the community

- Attitudes towards the environment and energy policy, support for the RES

The questionnaire survey was conducted in the May of 2018. Qualified interviewers
(trained university students) addressed respondents directly on the street in the surveyed mu-
nicipalities. The population over the age of 18 was addressed in such a way that the structure
of the respondents corresponded as much as possible to the structure of the population of the
given municipality with regard to gender, age, and educational attainment. The questionnaire
contained 13 questions. For the purposes of this study, we used the following questions re-
garding the perception of the ABP at the time of its planning and after years of operation:

Q1. Was your community sufficiently informed about the plans for the construction of
ABP in its planning phase? (fig. 4)

Q2a. Did you agree with the ABP project in your community before its construction
started? And Q2b. Would you agree with its construction based on your current experience?
(fig. 5)

Q3. Does the ABP operator in your municipality take the residents' reservations about the
station and address them? (fig. 6)

The answers to these questions were measured on a 5-point scale (where 1 = definitely yes,
2 =rather yes, 3 = I do not know, 4 = rather no, 5 = definitely no).

Q4. What is your personal attitude towards further development of ABPs?” A respondent
could choose from the following answers: a) I don't mind if other ABPs are built in the prox-
imity of my community, b) ABPs should be built but not in the proximity of my community”,
and c¢) ABPs shouldn't be built at any locality. (fig. 7)

A total of 234 questionnaires were included in the analysis. Of these, 112 were from Ho-
rovce and 122 from Kameni¢any and Slavnica. We only took into account the questionnaires
in which the respondents answered all the questions. The results were processed by common
statistical-mathematical methods.

Results and Discussion

In this section, we introduce and assess the current development of energy production from
agricultural biogas in the light of Slovak energy policies and with special emphasis on strategic
documents and specific measures. Subsequently, we evaluate the results of controlled inter-
views with ABP operators and mayors, and this is followed by the assessment of local ac-
ceptance based on the research on the perception of the local population.

ABPs under the energy policy and strategic plans in Slovakia

The first three ABPs in Slovakia with an installed capacity of 2MW launched the operation
in 2005. A more significant increase in the number of ABPs occurs only after the adoption of
the Act on the Support of RES no. 203/2009 Coll. (Fig. 3). In 2012, there were 30 ABPs with
a total installed capacity of 26 MW (the share in the total installed capacity in Slovakia was
0.35%). The highest number of ABPs was recorded in 2014 and 2015 (76), and the highest
installed capacity (93 MW) of ABPs was reported in 2016. The share of total installed capacity
in Slovakia then reached 1.4% (tab. 2) and since then the values of all three indicators have
been declining slightly.
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Fig. 3. Development of agricultural biogas plants numbers and installed capacity in Slovakia
Source: SOSR (2022)

Tab. 2 shows the position of biogas among RES in Slovakia in terms of installed capacity.
It is clear that, despite the sharp growth in the period 2009-2016, the share of installed capacity
in biogas plants is only about 2.5% of the capacity of all renewable energy plants. In addition,
this share has been declining in recent years. Renewable energies continue to be dominated by
hydropower, followed by solar energy.

Tab. 2. Production Capacity of Electricity in 2009-2020 (MW)

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Hydro Plants 2487 2516 2523 2522 2523 2523 2522 2524 2523 2528 2527 2529
Solar Photovoltaic - - 188 513 588 533 533 533 528 472 590 535
Wind 3 3 3 3 5 3 3 3 4 3 4 3
Industrial, Municipal 6 5 5 5 8 22 22 29 22 22 22 22
Solid Wastes

Wood/Wood Wastes 160 169 171 169 176 153 145 150 149 148 138 137
Biogases 4 9 14 26 35 78 91 93 91 89 82 82
RES together 2660 2702 2904 3238 3335 3312 3316 3332 3317 3262 3363 3308
% Biogases/ RES 015 033 048 080 105 236 274 279 274 273 244 248
Production Capacity =~ 6528 7258 7295 7370 7406 6977 6658 6643 6595 6518 6523 6557
together (including

non-RES)

% Biogases Produc- 0,06 012 019 035 047 112 137 140 1,38 137 126 1,25
tion Capacity together

Source: SOSR (2022)

This development confirms the importance of the legal framework and support instru-
ments. The slowdown in the positive development trend in the production of energy from bi-
ogas occurred in 2014, when a new price regulation in the electricity industry came into force
according to the Regulation (URSO) No. 221/2013. For ABPs, the proposed concept meant
grading the purchase price of electricity according to their installed capacity into four groups
(the higher installed capacity the lower price). The most used type, i.e. ABP over 0.75 MW,
thus fell into the lowest price category, which led to their unprofitability. In addition, a stop-
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state - a general suspension of the acceptance of applications for the connection of electricity
generation facilities to distribution systems with an output of more than 10 kW came into force
in 2014 (Jani§ 2014). The stop-state was supposed to ensure the safety and stability of the
power system. It was cancelled in April 2021, when new cross-border interconnections of the
Slovak and Hungarian transmission systems were launched, making it possible to connect an
additional installed capacity of 1,837 MW to the electricity system (MESR 2021).

These changes in the legal framework brought uncertainty to development plans and sus-
pended new projects. On the other hand, they sparked a discussion about the future of bioen-
ergy in Slovakia. The opinion of AEBIOM (EBA 2016) does not consider the production
of bioenergy from silage to be long-term sustainable. It is recommended to focus on agriculture
and animal husbandry, which have a significant amount of processable waste. The average
installed capacity of such stations should be smaller — up to 250 kW, which would bring
it closer to Germany, where the average installed capacity is about 500 kW (Daniel-Gromke
et al. 2017). Such installed capacity is supposed to cover the own consumption and partial
supply of electricity and heat to the distribution system. In addition, the final digestate is con-
sidered a valuable organic fertilizer. Larger biogas plants with an installed capacity of more
than 1 MW appear to be an efficient solution for the production of biomethane or the combined
production of heat and electricity by burning biogas in cogeneration units.

In 2015, Act no. 79/2015 Coll. on waste, which obliges municipalities and catering opera-
tors, to separate biodegradable waste. Together with the current abolition of the stop-state to
grid connection (MESR 2021) and potential support for renewable energy investments in ac-
cordance with the Recovery Plan (GOSR 2021), this law can be an important step for the future
of energy production from biogas. In addition, the conversion of waste into digestate itself
would be an added value.

In 2019, Slovakia's Integrated National Energy and Climate Plan for 2021 to 2030 (MESR
2019) prepared pursuant to Regulation (EU) 2018/1999 was adopted. The Plan proposes
a target of 19.2% for the share of energy from renewable sources in gross final energy con-
sumption in 2030, which is significantly below the EU target of 32% but for Slovakia, it means
an increase of 5.2 percentage points when compared to the target set for 2020. In addition, the
Ministry of the Environment of the Slovak Republic declares institutional support for achiev-
ing this target in the Strategy of the Environmental Policy of the Slovak Republic until 2030
(MENVSR 2020). The Recovery Plan (GOSR 2021) adopted by the Slovak government is
a significant legislative and financial incentive to meet these targets as well as to contribute to
the ambition of achieving carbon neutrality in the EU by 2050 and reducing greenhouse gases
by 2030 by reducing emissions by 55% compared to 1990 declared in NextGenEU (European
Commission 2021). The recovery plan is in line with NextGenEU's response to the severe
economic downturn due to the COVID-19 pandemic. Its main goal is to support reforms and
investments that will enable Slovakia to start catching up with the EU average again, which
should be financially supported by approx. €6.5 billion. At the same time, great emphasis is
placed on the Green Economy. It is one of the five priority axes in the plan and is expected to
get support of over €2.3 billion (GOSR 2021).

Under the Recovery Plan, €62 million should be invested in the modernization of existing
facilities of biogas plants and small hydropower plants (GOSR 2021). This can be considered
a very prudent step, as the support guaranteeing energy purchase prices for 15 years expires in
2025-2028 for most of the existing biogas plants. Power plants using biogas as a fuel for elec-
tricity production will not be competitive after the end of operating support. And although the
current rise in fossil fuel energy prices may contribute to the growth of biogas energy compet-
itiveness, the overall rise in commodity prices is also making technologies for renewing or
building new biogas plants as well as other plants based on renewable sources more expensive.
This reversed the cost reduction trend that the industry has seen for more than a decade (IEA
2021) and showed it still needs financial support.
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The aim of the Recovery Plan is therefore to ensure the extension of the life of existing elec-
tricity generation facilities, which need additional investments for their further operation. The
technological renewal of power plants using biogas as fuel will also be related to the change of
the substrate base to biodegradable waste, with the intention of extending their technological life,
provided that at least half of the heat produced is used. The transformation of biogas plants into
biomethane plants will enable the share of renewable energy production to be maintained by
replacing natural gas with biomethane in existing heat and power plants, making full use of the
heat produced (GOSR 2021). While in Slovakia the focus on biomethane is more of a vision, in
countries such as Denmark and France its production and subsequent distribution to the gas net-
work has been increasing for several years (Gustafsoon and Anderberg 2022)

Today, biogas plants in Slovakia mostly burn agricultural crops, especially corn, only
a minority of biogas plants burn waste from agriculture and food. In the future, they should be
extended to waste incineration and heat and gas supply. According to the Environment Strat-
egy 2030 (MENVSR 2020), only those biogas plants that will collect sorted biowaste should
receive public support. Overcoming these problems should contribute to the further development
of energy production from biogas. Integrated National Energy and Climate Plan for 2021 to 2030
(MESR 2019) estimates a gradual increase in the installed biogas capacity from 110 MW in 2020
to 180 MW in 2025 and to 200 MW in 2030. The last figure is already nearing half of the capacity
of one Slovak nuclear power plant unit.

Perception of ABPs by operators

All assessed ABPs have guaranteed purchase prices of electricity for 15 years from the
start of operation. However, the level of purchase prices decreased from year to year, so pre-
viously launched ABPs are guaranteed higher prices than the newer ones. According to ABP
operators, profits during the first 8-10 years are very low, due to loan repayments. Only after
their repayment expects the ABPs higher profits. However, the economy of ABPs is signifi-
cantly affected by other factors. The prices of input materials (substrate) have increased over
the years, which has increased costs for ABPs and reduced profits. Shipping costs are also
important. The greater the distance the substrate is imported, the higher the cost. A specific
situation occurred in the case of Velké Bierovce, where the economy of operation was signif-
icantly damaged by several accidents.

In the coming years, the period of guaranteed support for all examined ABPs will end.
Therefore, the operators were already addressing the future of their biogas plants at the time
of the talks. Two operators have indicated that they are likely to close down (tab. 2). However,
their reasons are different. The ABP in Horovce plans to quit operation mainly due to conflicts
with the municipality and poor relations with the local population. This shows that the re-
sistance of the population may not only be an obstacle to the establishment of a biogas plant
(cf. Martinat et al. 2017, Prosperi, Lombardi and Spada 2019, Dumont, Hildebrandt and
Sempuga 2021, Strober et al. 2021), but also an incentive for early decommissioning.

Another case is ABP in Mestecko, the operator argues in favour of decommissioning due
to technological wear and high costs of its renewal. The operator sees the potential use of ABP
in the transformation into a biomethane station, but the necessary investment would be too
large and unprofitable in times of uncertain support from the state. This is similar with the
attitudes of other operators who are interested in transforming their ABPs into biomethane
plants, but depend on state support mechanisms.

These allegations show that the instability of the support mechanisms is detrimental to
investors, with the result that some are considering decommissioning. Such attitudes are actu-
ally in line with findings that stability and continuity are among the most important success
factors of biogas policies (Kampman, Leguijt and Scholten 2017, Huttunen, Kivimaa and Vir-
kamiki 2014, Ammenberg et al. 2018, Capodaglio, Callegari and Lopez 2016, Dahlgren et al.
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2019, Lonnqvist et al. 2019). However, the concerns raised by operators, and the uncertainty,
should be dispelled by the Recovery Plan (GOSR 2021), which plans to support investment in
the transformation of ABPs into biomethane production. This would bring the use of ABPs in
Slovakia closer to Denmark or France (Gustafsson and Anderberg 2022).

The advantage of all examined ABPs is the sugar refinery in Trencianska Tepla. Beetroot
cuttings are a by-product that all ABPs use as a substrate, albeit to varying extent. Of the other
substrate components coming directly from the region, the operators highlighted chicken ma-
nure from an egg farm and, of course, corn silage. Availability of substrate for energy produc-
tion in the region is perceived as potential advantage for an ABP operation in the region. How-
ever, high concentration of larger ABPs in relatively small area forces operators to import
substrates from greater distances, thus increasing operating costs. The exception is ABP in
Trencianska Tepla located directly in the premises of the sugar refinery, from which almost all
the substrate comes.

Regarding benefits for local communities, all operators agreed that the direct positive
impact of ABPs on employment is small, as ABPs operate with a high degree of automation.
Only 1-2 qualified employees and service personnel who supply ABPs with the substrate
are sufficient for their operation (tab. 3). This is in line with findings by (Chodkowska-
Miszczuk, Kulla, and Novotny 2019) who concluded that, especially in Slovakia, the indi-
rect positive impact of ABPs can also be perceived. ABPs provide farmers with a stable sale
of production. This is very important, especially in the country, where post-socialist trans-
formation of agriculture and its competitiveness in common European market is very prob-
lematic. However, it can only have an effect if substantial parts of the substrates come di-
rectly from the region. Positive indirect impact on employment has ABP Kamenicany, which
uses heat produced for heating the greenhouses for tomato production, providing jobs mostly
for locals (45 employees).

Only the operator of ABP Horovce directly stated that relations with the municipality and
the population are bad. He perceives a very strong resistance of the population against the
ABP, in addition, the current municipality representatives built a pre-election campaign on the
opposition to the plant. Resistance accompanied the project in Horovce from the beginning.
The population even organized petitions, but previous representatives of the municipality did
not accept them and allowed the operation. The APB operator feels the greatest resistance from
residents of nearby apartment blocks. These are the blocks of the former socialist agricultural
cooperative, which are in the immediate vicinity of the ABP facilities. Under these conditions,
ABP does not actively contribute to community life, nor does it sponsor events or local organ-
izations, although previously they sponsored a local football club.

The communication and attitudes of the population in the planning phase of ABP projects
in the other surveyed municipalities were also partly based on the ABP micro-location. The
operators in Trencianska Tepla, Mestec¢ko, and Velké Bierovce stated that the meetings of the
municipal council, where the building permit was approved for ABPs, were peaceful and with-
out problems. To a lesser extent, the residents of Kameni¢any, whose family houses were lo-
cated in close proximity to the planned project, expressed disagreement. In particular, they
expressed fears of odour, despite the fact that the ABP was being built on the site of a former
pigsty. At the initiative of the mayor, the investor organized an excursion to ABP with the
same technology in Austria for those interested from Kamenic¢any. All these ABPs support
various cultural and social events, sports (football), volunteer firefighters, etc. through spon-
sorship. In Velké Bierovce, the operator financially supported the construction of a play-
ground; In Mestecko, the ABP provides fertilizer (digestate) to the local gardeners for free.
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Tab. 3. Information from interviews with ABPs operators

Horovce Kameni¢any Mestetko  TrenCianska Tepla ~ Velké Bierovce
Operation and economy
- profitability + + - + -
- substrate supplies 30 km 100 km 12 km 500 m up to 20 km
- employment 4 3 1 2 4
Relations with the municipality - + + + +
and local population
Plans with future operation quit biomethane pro- quit operationaslong  biomethane produc-
duction and green- as the sugar refin-  tion and possible
houses heating ery is in operation  greenhouses heating

Notes: + stands for “positive/good”, - stands for “negative/bad”
Source: Own research conducted in 2018

Perception of ABPs by mayors

From the very beginning of the preparation of the ABP project, it is important to consist-
ently and truthfully inform the population about the benefits and/or risks of this project. Oth-
erwise, distrust arises among the population, which can erupt into resistance to the whole pro-
ject. It is also necessary to keep the promises given to the municipality and local inhabitants
(Wiistenhagen et al. 2007, Rogers et al. 2008, Cowell, Bristow and Munday 2011, Suskevics
et al. 2019, Strober et al. 2021).

Interviews with the mayors show that the residents' reluctance to build ABP appeared al-
ready in the preparatory phase in the villages of Horovce, Kameni¢any, and Slavnica (tab. 4).
The main reason, which was also confirmed by the mayors, is the immediate proximity of ABP
from residential houses (less than 100 m). In Horovce and Slévnica, these disputes led into
several petitions and, in fact, have persisted throughout the existence of the ABP. Relations in
Horovce have reached such a position that the municipal council rejects any development pro-
ject submitted by the ABP operator, or the ABP provocatively exports the digestate and thus
causes the smell to spread over the weekends.

Even from the point of view of mayors in the most problematic localities (Horovce and
Slavnica), relations between operators and municipalities are at a freezing point. The operation
of ABPs is not beneficial for them, the municipalities do not get even the sponsorship of cultural
or sporting events, which is a matter of course in other municipalities. Sldvnica does not even
have increased tax revenues, as APB is located in Kamenicany. The mayor in Kamenicany also
admits tensions between the inhabitants and ABP. Unlike the operator, he does not perceive
a significant benefit for employment in the municipality, as there is a low unemployment rate in
the region, and only a few people from the municipality are employed in the ABP-heated green-
houses. However, he perceives communication with the ABP operator as fair, he also positively
perceives the benefits of taxes and sponsorship of local events. The situation is different in the
municipalities of Meste¢ko, Velké Bierovce, and Trencianska Tepla, where the local govern-
ments” relations with the operators are fair. This stems from the mutual trust, the fulfillment of
the promises made when the ABP was launched, and the trust that the entrepreneur has among
the local population. This confirms the findings of Soland, Steimer, and Walter (2013) that trust
in operators has a strong and positive impact on the local acceptance of the ABP.

The location of ABPs is a substantial factor of the level of their acceptance emphasized by
several authors (e.g. van den Horst et al. 2018, Donaldson and Lord 2018). In general, the
greater the distance from the residential zone, the better the perception. Schumacher a Schult-
man (2017) identified 1 km as a lower limit of optimal distance. However, ABPs involved in
our study (except for the Velké Bierovce ABP) are located much closer to residential areas.
Still, these built-in premises of existing operations are perceived much more positively —
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namely ABP in Trencianska Tepla (within sugar factory) and Mestecko (within operating large
farm). ABPs in Horovce and Kamenic¢any are also operating on the premises of large agricul-
tural farms. However, they were abandoned before the ABP was constructed. Therefore, espe-
cially for new residents of nearby areas, the launch of the ABP could be a negative new reality.

Despite the diverse experience with the existing ABP, all mayors have stated they support
renewable energy production. However, only the mayor of Trencianska Tepla and partly also
the mayor of Vel'ké Bierovce consider biogas to be a good means. The positive impression of
ABP in Vel'ké Bierovce is quite surprising, as this ABP appeared in media in connection with
the explosion in it. The reason is probably the sufficient distance of the ABP from the residen-
tial areas and the fair relations between the municipality and the operator. Support for wind
energy is more prevalent among the mayors of the affected municipalities.

Tab. 4. Basic results of interviews with mayors

Horovce Kameni¢any  Slavnica Mestecko TrenC. Teplda Vel Bierovce

Problems associated
with the ABP project

- in the planning phase Yes Yes Yes No No No

- in the operation phase Yes Yes Yes No No No
Local development, No Yes No Yes Yes Yes
benefits for community
Attitudes to the RES

- Support for biogas No No No Yes Yes Yes

- Preferred RES solar - all except biogas  wind wind -
Problems linked location, digestate location, diges- location, odour, none none digestate
with the local ABP odour, traffic tate digestate

Source: Own research conducted in 2018

Perception of ABPs by local residents

Both communities in which we examined the social acceptance of local ABP are charac-
terized by potential conflict resulting from the location of ABP extremely close to residential
areas. At the same time, there are significant differences between ABPs in installed capacity,
heat utilization, and support for local clubs and events. In both cases, the mayors indicated a
very sensitive public perception of biogas plants.

Although the operators of both ABPs declared information meetings with the local popu-
lation before the start of construction of the ABP, the perception of the population rather indi-
cates an insufficient information campaign (fig. 4).

Even less than 10% of the population in Horovce declare the information about ABP they
obtained before its construction started was sufficient, while more than two-thirds say it was
definitely insufficient. When Kamenic¢any and Slavnica are considered as one community, the
results for them are better than for Horovce, but the difference is not substantial. However, the
perception is substantially different when Slavnica and KameniCany are evaluated separately.
In Slavnica, the sufficiency of information is perceived similarly critically as in Horovce. In
Kamenicany, more than one-quarter of respondents declared sufficient information and a sim-
ilar proportion was not able to express if it was sufficient or not. It seems that the mayor's
active approach played a positive role in this. On the contrary, when the construction of the
ABP just beyond the administrative boundaries of Slavnica took place, the municipality was
not directly involved in the project approval process and the population was not adequately
informed. At the same time, 45% of respondents expressing a lack of information indicates
that the information campaign also had some reserves in Kamenicany.
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The development of the attitudes toward the ABPs shows that strongly negative attitude
towards the ABP project in Horovce in the planning phase even worsened during the opera-
tional phase (fig. 5). The negative attitude towards the construction of ABP was even more
pronounced in the municipality of Slavnica. However, unlike Horovce, the situation did not
worsen after years of operation, and the support even increased very slightly. At present, the
negative attitude in Slavnica is not as strong as in Horovce. Even though the negative out-
weighs, the attitudes in Kameni¢any are much more balanced and rather stable.

Horovce Kameni€any and Slavnica Kamenicany

13%
23%

2%

6%

13%

28%

Slavnica
5%

21%
17%

definitely yes | don’t know definitely no
[ [

rather yes rather no

17%

Fig. 4. Sufficient information about ABP before its construction as perceived by the local
population,; Source: Own research conducted in 2018
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Fig. 5. Approval for the construction of ABP in the planning phase and at present, with sev-

eral years of experience with operating ABP; Source: Own research conducted in 2018

In addition to the mentioned phenomena (location, odor), the research suggests that an
important factor in shaping attitudes towards ABP may also be the perception of the extent to
which the operator takes serious reservations and objections from the local population. Vast
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majority of respondents in Horovce declared the operator does not take their reservations se-
riously. Such attitudes also slightly prevailed in Kamenicany and Slavnica when evaluated
together. However, when evaluated separately, respondents from Slavnica showed rather a
negative perception but it was much more neutral or positive in Kamenicany (fig. 6).

Horovce Kamenic¢any Slavnica
7% 1% 3%
14%
16%
33%
0/
30% 61%
23%
definitely yes | don’t know definitely no
1 [
rather yes rather no

Fig. 6. Perception if the operator takes the reservations of the local population seriously;
Source: Own research conducted in 2018

Despite many reservations about the operation of ABP in Kamenicany and Slavnica, it is
clear that its overall perception by the local community is much better than in Horovce. This
is especially true for Kamenicany, in whose administrative territory ABP is located. Differ-
ences in perception are also significantly reflected in the general attitude towards energy pro-
duced from biogas. Respondents in Horovce took a significantly negative attitude when it came
to supporting the further development and building of ABPs. Nearly two-thirds of them think
that ABP should not be built anywhere (fig. 7). In Kamenic¢any and Slavnica, such an attitude
is much less represented. The support for building ABPs significantly dominates here, but not
in the respondent's community. This seems to be a case of the NIMBY attitude (cf. Bell, Gray
and Hagget 2005, Devine-Wright 2005, Warren et al. 2005, Van der Horst 2007, Batel 2020).
The support for building new ABPs even in the respondent’s village is stronger in Kamenicany
than in Slavnica, but the differences are not significant.

Horovce Kameni¢any and Slavnica

support even if built
L in my community
32%
support but not

in my community

I vithout support
anywhere

76%

Fig. 7. Local support for further ABP projects,; Source: Own research conducted in 2018
Our findings support the assumption that the local and personal experience with biogas
plant tremendously affects the level of its acceptance. The experience with ABP is primarily

case-specific and affected by local socio-cultural context. The lessons learned from our case
studies suggest that even if the controversial project is implemented, despite the opposition
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of the local community, the level of public confidence in the biogas plant operator has re-
mained low and has significantly affected further project development and overall attitudes
towards this form of renewable energy. On the contrary, a well-communicated and planning
project and an honest approach to local community reservations can ensure at least a neutral
attitude towards ABPs, despite its several critically perceived effects. Residents and munici-
pal representatives' objections towards biogas plants often concern odour and noise. This is
also confirmed by our guided interviews and questionnaire survey. However, the application
of modern technologies and adherence to the standard substrate and digestate handling should
eliminate these side effects. Nevertheless, a suitable location for the station seems necessary.
An example of good practice is the Biogas Wien plant, which has been supplying Vienna
with thermal energy since 2007 and biomethane from kitchen waste since 2015 (Matiaskova
and Soltész 2016).

Conclusions

The countries of the European Union have undergone a significant energy transformation
in recent decades. Post-socialist countries in particular, such as Slovakia, must focus on reduc-
ing energy dependence on Russia in addition to the decarbonisation goals. The urgency of this
transformation increased rapidly after the Russian attack on Ukraine in early 2022. In Slovakia,
energy production from biogas has also gained a significant position in this process. As in the
case of photovoltaics, the development of the use of this renewable energy source is accom-
panied by a controversial subsidy policy. State aid originally favoured ABPs with higher in-
stalled capacity (around 1MW), which contradicted the original idea of using agricultural
waste (especially manure). Therefore, a significant change in the structure of arable crops has
begun in favour of green maize in particular, from which the most biogas can be obtained in
the ABP. The problem is also that until 2012, when more than half of the currently operated
ABPs were already launched, the state did not condition support on the use of the heat pro-
duced. In many ABPs, therefore, the heat produced is simply released into the air.

The effects of such policies indirectly contribute to another problem of ABPs, which is
their weak public acceptance, especially among the locals. Residents and mayors complain
mainly about the smell of BPS, noise, increased traffic in the village as well as improper han-
dling of digestate.

From our point of view, this is due to the reckless placement of ABPs in close proximity
to residential areas. Moreover, if the affected population does not benefit from the ABP oper-
ation or the promises from the planning phase are not fulfilled, the operation of such a plant is
accompanied by constant conflicts. As a result, local residents tend to reject the idea of energy
production from agricultural biogas as a whole. Based on controlled interviews with the former
and current mayors, ABP managers, and local residents, the following key factors contributing
to negative perception were identified:

i. the proximity of the biogas plant, location too close to residential houses,

ii. improper handling with the digestate that causes frequent odour leakages,

iii. unfulfilled promises from the planning phase (e.g. to provide heating for nearby
buildings),
iv. increased traffic due to the import of substrate for energy production

v. contamination of drinking water source (the result of the excessive distribution

of digestate into the soil),
vi. a political campaign by local officials based on resistance to the ABP.
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In contrast, the sharing of benefits from the operation of ABP with the community, appro-
priate communication, and reflection of complaints of the local population by the ABP opera-
tor can contribute to a positive perception of this form of energy production, although the
population is critical of some effects of the operation.

These conclusions point to the substantial importance of taking into account social aspects
in the preparatory phase of the project. If this is neglected, it can cause failure or reduce the
efficiency of a particular operation, and in addition, contribute to the overall negative attitude
of the population towards a particular form of renewable energy production. Slovak national
policies based on the plans of the European Union envisage further development of energy
production from biogas and the transformation of existing biogas power plants into bio-
methane. Biomethane should subsequently contribute to reducing the consumption of imported
natural gas. In this light, the lessons learned from the case studies of various biogas plants are
important from a scientific as well as a very practical point of view.
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