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Abstract: The circular economy is an economic concept opposite to the current linear system. One of
its main principles is to seek to minimise waste by reusing seemingly useless raw materials. Biogas
plants are places where energy can be recovered from waste. In order to boost the environmental
benefits of this concept, it is important to rely on local systems (including supply chains). Therefore,
the aim of this study was to examine whether biogas plants in Poland operate in a circular manner
from the perspective of locality. The analysis was based on questionnaire surveys concerning the
nature of the facilities’ operations, divided into biogas plants located at sewage treatment plants,
biogas plants based on municipal waste and agricultural biogas plants. On the basis of the data
obtained, statistical and spatial analyses were carried out to verify the installed capacity of the
facilities, the distance from which they obtain their substrate and the use of the biogas produced. The
results of the study confirm that the functioning of biogas plants located in Poland is, in most cases, of
a local character, fitting into the objectives of a circular economy. Biogas plants that are characterised
by the lowest transportation needs are biogas plants located next to sewage treatment plants.

Keywords: circular economy; biogas; waste management; local energy resources; local development;
short supply chain

1. Introduction
1.1. Background of Circular Economy

One of the development goals of the European Union (EU) is to achieve EU climate
neutrality by 2050. The policy strategy to bring about the transformation of the EU economy
for a sustainable future is to mobilise the industrial sector for a clean, circular (closed-loop)
economy [1]. The circular economy is a strategic approach that helps local communes shift
from a linear to a circular metabolism [2]. It can be characterised as an economic system
based on multiple collaborations, networks and sustainable solutions. It is a constantly
evolving economy, striving for better and more modern ways of managing, producing
and processing. It is a concept that seeks to extend the life of existing products, extracted
raw materials and materials, as well as minimise waste production [3] while maintaining
continuous economic development. The concept covers all stages of a product’s life cycle:
design, production, consumption, waste collection and management [3]. Products are
designed in a sustainable way so that they can be recycled after use. This means that a
product is transformed many times in its life process.

Two types of cycle can be distinguished: biological and technical [4]. The biological
cycle comprises the flow of renewable raw materials, in which natural processing processes
take place. Decomposed biological waste re-enters the biosphere and can be used in crops
as natural fertilisers. Biochemical feedstock extraction and anaerobic decomposition can be
sources of biogas. A finite resource is managed in a technical cycle. Man, by his actions,
contributes to the transformation of products. Articles are constantly maintained, repaired
and used for different purposes. Only when repair is not possible are they recycled, then
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transformed into other products and reused. The lack of waste treatment and reuse wastes
existing natural and financial resources.

Capturing the circular economy encompasses the activities, principles and goals that
are characteristic of the concept. The Ellen MacArthur Foundation [4] distinguishes three
basic principles that guide the circular economy:

1. Maintaining and increasing capital by controlling depletable resources and balancing
the flow of renewable resources;

2. Optimising profits through resources in circulation, both biological and technical;
3. Increasing efficiency through discovery and design without negative impact on the

external environment.

At present, the world is dominated by a linear economic model, based on the ‘extract,
process, use and discard’ scheme. The problem arising from this economic approach is the
negative environmental impacts. Increasing levels of raw material extraction, such as what
occurred between 1970 and 2017 [5], among others, are leading to the depletion of natural
resource deposits and consequent environmental degradation. Current exploitation far
exceeds the capacity of the environment. Since 1970, the human ecological footprint has
exceeded the Earth’s regeneration rate [6]. The occurrence and use of resources worldwide
is unevenly distributed. Often, raw material extraction sites are not located in areas
of greatest demand. This results in the need to transport raw materials over very long
distances. This is a resource-intensive activity that consumes financial and human resources
and negatively affects the natural environment through, among other things, the emission
of carbon dioxide into the atmosphere.

1.2. Renewable Energy and Its Relation to Circular Economy

The circular economy uses energy from local renewable sources. Depending on local
conditions, different sources might be more suitable. Some of them are more dependent
on solar [7,8] or wind conditions in a specific location [9], while some, such as those based
on biomass [10–12] and biogas, are less dependent [13,14]. Usually, local potential in that
aspect can be reflected in local development strategies [15,16], energy policies [17] or even
municipal planning documents [18]. One renewable energy source is biogas plants, which
produce electricity and heat. They produce biogas, which is a mixture of gases resulting
from the combustion of organic matter, either naturally occurring or under controlled
conditions [19]. Depending on the substrate from which it is produced, biogas has different
compositions. Substrates feeding biogas plants can be waste from sewage treatment plants,
municipal and agricultural waste. They are delivered to sealed pre-combustion tanks where
they are stored. Anaerobic digestion of the waste then takes place in the digester. The
substrate is heated and continuously stirred and bacteria break down the organic substances
into simple compounds. Biogas is produced in the chamber, which is then transferred to
the cogeneration module. Electricity and heat can be generated in the module. The waste
produced during fermentation is the digestate, which amounts to approximately 85–95% of
the weight of the raw materials used [20].

The choice of location of waste treatment facilities is important for both environmental
and economic reasons. Sometimes, wastes are transported to poorer countries or those
where waste management standards are more lenient. The transport of harmful waste
to more developed countries can be explained by the fact that richer countries have the
technology to treat waste safely [21]. However, it is more difficult to identify the driving
forces behind the export of waste not defined as hazardous. Import of wastes for energy
recovery in Sweden increased between 1996 and 2002 [22]. Wood, paper and plastics were
imported mainly from Germany, the Netherlands, Norway, Denmark and Finland. One
of the factors contributing to the increase in imports in Sweden was advanced technology
allowing high energy recovery. In theory, that stays in line with preferable sources of energy,
therefore, such actions could be considered as environmentally positive from a technological
point of view. In practice, however, the long-distance transport of waste has simultaneously
increased the carbon footprint of the raw materials. Similarly to the well-known in scientific
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literature concept of food miles [23], transport of wastes for energy purposes could be
called waste miles, or energy source miles. Therefore, in a circular economy, it is important
to highlight the locality of a system and material flow. The greater the distance over which
waste is transported, the greater the chance that the environmental costs of transport
will outweigh the environmental gains from energy recovery. An analogy with cited
waste incineration plants can be drawn with biogas plants. Biogas plants are plants that
extract energy from waste, so they should deliver environmental benefits. Therefore, lower
substrate transport needs are the higher positive environmental impact of the system that
can be observed. The proposed approach is based on an indirect estimation approach [24]
where, in this case, transportation needs reflect the economic and environmental impact on
the system.

1.3. Recent Progress in Biogas Supply Chains in Circular Economy

Seven out of the eight variables that create the environmental pillar can be improved
by biogas production, namely GHG emissions, soil quality, non-GHG air pollutants, water
use and efficiency, water quality, biological variety in the environment and land use [25].
Given the enormous benefits of waste management, environmental credits and co-product
value gain, government and non-government incentives, laws, policies and regulatory
framework have reinvigorated the attention on biogas [26]. The study conducted in Spain
on 88 sewage treatment facilities (each serves more than 50,000 equivalent users) analysed
the possibility to produce a biogas for district heating networks. The findings indicate a
possibility for 1.8 Mt per year in CO2 emissions savings with a total investment of 2854 M
euros [27]. The level of this effectiveness may differ based on biochemical methane potential
which characterises different types of biowaste [28]. In order to increase this potential some
strategies may be applied, such as pretreatments (e.g., lyophilization or freezing [29] as
well as heating up [30]) or use of environmental remediation materials (e.g., sulfidated
microscale zerovalent iron) [31]. Having this knowledge from recent studies, it can be
concluded that technical aspects do not seem to be a main problem in the implementation
of biogas on a larger scale.

Recent studies show that one of the main obstacles in biogas operation is economic
conditions. This problem refers both to biogas production from plant-based [32] as well
as animal-based [33] agricultural activity. A study from Italy suggests that, in case of
biogas from animal residues, a 200 kW biogas plant and 350 m3/h biomethane plant are the
minimum sizes in which economic feasibility is demonstrated [34]. Similar studies have
considered the size of the farm delivering animal manure for biogas in the Netherlands. If
the biogas producer pays the farmer to collect its manure (5 EUR/t), or if the farmer sells
manure for free and waste disposal expenses are greater than 10 EUR/t, the partnership is
profitable for a large farm (>20,000 t/year). If the farmer pays the biogas producer (5 EUR/t)
to contribute their manure, cooperation is always advantageous for the producer. If the
biogas producer is a medium–large facility (>20,000 t/year), benefits are always favourable
if manure is provided for free. Benefits are good for a small-scale facility if the manure dry
content is less than 12 percent and the transportation distance is less than 10 km [35]. This
last example proves that, especially in case of small-scale installations, geographic distance
is a crucial factor in order to evaluate the profitability of biogas system operation. The
other study proves that identification of opportunities to create strategic partnerships of
raw material suppliers and the volume of raw material supply can be based on geographic
coordinates [36].

Some of the aspects described above can be analysed based on available statistics;
however, other elements require additional data sources. That is why methods from
social sciences have become very popular in energy research, especially in the domains of
energy policy or behaviour of different actors in the energy market. Using a structured
questionnaire or survey instrument, data is collected from a pool of respondents drawn
from an appropriate target group. Many social scientific disciplines employ surveys
often; however, there might be differences in how surveys are implemented, how they
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are interpreted and other related practices and norms [37]. In the case of energy research,
questionnaires were used in many studies [38], including biogas focused studies [39,40].
Some questionnaire-based research focuses even more precisely on the issue of supply
chains in biogas production [41–43]. All these findings confirm that surveys based on
questionnaires are suitable to carry out research in the energy domain.

1.4. Aim of the Research

The aim of this study was to investigate whether the operation of biogas plants in
Poland stands in line with the objectives of a circular economy using local energy resources.
This paper is structured as follows. Section 2 describes materials that were used to perform
the analyses, together with methods that were applied in the research. Section 3 contains
results of the research presenting biogas plants’ installed capacity, spatial aspects of their
operation and ways of fermentation waste management. Discussion and conclusions of the
obtained results are presented in Section 4.

2. Materials and Methods

Data on the operation of biogas plants in Poland was collected using a questionnaire
survey prepared in Google Forms. Three attempts to collect data were made to provide a
dataset. Attempts to deliver surveys were made in approximately 8-week intervals. Collect-
ing data started at the end of November 2021. The first reminder was sent in January 2022.
The second reminder to complete the survey was sent out again in March 2022. The last
data included in the survey were collected in May 2022. The total period of collecting
data took 6 months. The recipients of the surveys were individuals who were business
owners or employees working in biogas plants included in the list of renewable source
installations (as of 31 December 2018 and 30 June 2021) and the registry of agricultural
biogas producers (as of 23 March 2021). The documents were downloaded from the web-
sites of the Energy Regulatory Office and The National Support Centre for Agriculture.
Three attempts to collect data were made to provide a dataset. The questionnaire collected
data on installed capacity of the facilities [MW], distance between biogas plants and sites
where substrate is produced, as well as distance between biogas plants and locations where
biogas is used. Additionally, there were also open-ended questions regarding the amount
of generated fermentation waste and how it is managed. According to the Polish Energy
Regulatory Office, in Poland there are 343 registered biogas plants in operation [44]. A total
of 65 responses were received, and after analysing the collected information, 61 items were
considered for further research. Four responses were excluded because representatives
of one facility completed the questionnaire twice and representatives of three facilities
completed the questionnaire incorrectly, preventing further analysis of the information.
Statistical analyses were performed in the Tabelau 2021.4. software. A histogram with
equal size intervals and a box plot were prepared to represent the empirical distribution of
installed power. Using this program, basic statistical parameters were also analysed. The
results of the surveys were processed spatially in QGIS 3.22.7. This analysis included the
geolocation of objects based on geographic coordinates. To mark the distance of biogas
plant substrate procurement and using biogas, a geoprocessing tool (buffer) was used. Data
visualisation was prepared separately for each type of biogas plant in order to distinguish
spatial patterns between biogas plant types.

3. Results

Biogas plants located in 15 out of 16 voivodships in Poland participated in the study.
Among the 61 biogas facilities, the following stand out: 36 biogas plants at the sewage
treatment plant, 16 biogas plants fed with municipal waste and 9 agricultural biogas
plants [45]. The location of the facilities with respect to their type is shown in Figure 1.
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that most biogas plants have an installed capacity not exceeding 3 MW. Two facilities 

Figure 1. Location of biogas plants with type designation, source: own development in QGIS 3.22.7.

3.1. Analysis of Installed Capacity

The empirical distribution for power plants includes one facility with the installed
power of 15.536 MW, which causes a gap in the histogram (Figure 2). In order to interpret
the impact that power might have on the rest of the analyses, the standard deviations of
the set were compared in the following two variants: with the 15.536 MW power plant
included in the calculations (Table 1 group 1) and for the set without the biogas plant with
the highest capacity (Table 1 group 2). A comparison of the standard deviation values
in both cases (value of 2.089 for group 1 and 0.844 for group 2) indicates a right-handed
asymmetric distribution. The difference between the standard deviation and the arithmetic
mean in group 1 is larger than that of group 2, which means that the installed capacity
values in group 2 are more concentrated around the arithmetic mean. As the outlier does
not affect the research objective formulated at the beginning of the paper, group 1 was
considered in further analyses, considering the biogas plant with the highest installed
capacity of 15.536 MW.
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Table 1. Basic statistical parameters of installed capacity.

Measure Group 1
[MW]

Group 2
[MW]

Minimum value 0.050 0.050
Maximum value 15.536 4.266
Arithmetic mean 1.138 0.890

Median 0.562 0.561
Standard deviation 2.089 0.844

Source: own elaboration.

The following histogram (Figure 2) shows the abundance of observations in class
intervals spanning 1 MW. Among all valid observations, the group of biogas plants with
an installed capacity of less than 1 MW is the most numerous (43 facilities). It should be
noted that most biogas plants have an installed capacity not exceeding 3 MW. Two facilities
declared a higher capacity, one of which has a capacity of 4.266 MW, while the other has a
capacity of 15.536 MW.

The size of the installed capacity of biogas plants varies according to their type. The box
diagrams (Figure 3) show the distribution of the given installed capacity values comparing
the three types of biogas plant.
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Biogas plants at the sewage treatment plant are characterised by the widest range of
power ranges. Half of the biogas plants of this type have a capacity of less than 0.806 MW.
The typical installed capacity of a biogas plant at a sewage treatment plant is between
0.050 and 1.532 MW. Two outliers were observed, the first in the Kujawsko–Pomorskie
region (4.266 MW) and the second in the Łódzkie region (15.536 MW). The outlier of
4.266 MW is the installed capacity of the biogas plant at the Toruń wastewater treatment
plant. The total installed capacity includes 2.028 MW of electrical capacity and 2.238 MW
of thermal capacity. The outlier of 15.536 MW is the total installed capacity of the biogas
plant at the Łódź wastewater treatment plant. It includes 3.333 MW of electrical capacity,
3.897 MW of thermal capacity and 8.306 MW of combustion capacity.



Energies 2023, 16, 3801 7 of 15

Biogas plants fuelled by municipal waste have the smallest median capacity. Half
of the facilities have an installed capacity of less than 0.420 MW. The typical capacity of
landfill biogas facilities is in the range of 0.180–0.776 MW. The smallest installed capacity is
equal to 0.180 MW, while the largest, which is also an outlier, is 1.550 MW. The outlier of
1.550 MW is the installed capacity of the biogas plant located in Bydgoszcz. No breakdown
of capacity by type was provided in the survey response.

Agricultural biogas plants are characterised by the highest median value. The installed
capacity of half of the biogas plants of this type does not exceed 0.999 MW. The smallest
installed capacity is equal to 0.499 MW, while the largest is equal to 2.134 MW. No outliers
were observed.

3.2. Analysis of the Localisation of Biogas Plant Operation

In terms of a circular economy, locality is one of the main features of renewable
energy plants. Biogas plants are not very high energy production plants, as outlined in the
previous section. Therefore, it is particularly important that the substrate they are fed with
is sourced from as close to the area of the biogas plant as possible. This is so that the cost
of transporting substrate does not outweigh the benefits of treating the waste in biogas
plants. Most of the plants analysed obtain their substrate from the same location as the
plant (Table 2). The second largest group are biogas plants sourcing substrate at distances
of up to 50 km from the plant. One facility obtains material from a distance greater than
50 km.

Table 2. Distance of substrate acquisition by biogas plants participating in the survey.

Distance

Type of Biogas Plant

Biogas Plant at the
Sewage Treatment

Plant

Biogas Plant Fed
with Municipal

Waste

Agricultural
Biogas Plant

Up to 10 km 1 1 1
Up to 20 km - 1 -
Up to 30 km 3 2 1
Up to 40 km - 1 1
Up to 50 km - 5 3
Over 50 km - - 1

The material is sourced from the
same site as the biogas plant 32 6 2

Source: own elaboration.

In order to find similarities, a spatial analysis by biogas plant type was performed.
The vast majority of biogas plants at wastewater treatment plants take the substrate for the
facility from the same location as the plant (Figure 4). One biogas plant located in Toruń
draws substrate from locations within a 10 km radius of the biogas plant. Three biogas
plants located in Swarzewo, Chorzów and Świdnica take substrate from locations within a
30 km radius of the biogas plant. None of the biogas plants participating in the study take
substrate from locations 10–20 km or more than 30 km away from the biogas plant.

In the case of biogas plants fuelled by municipal waste, a greater variety of responses
was noted (Figure 5). Six facilities indicated that they source substrate from the same
location as the biogas plant. Five biogas plants source material within a 50 km radius of the
plant. Two biogas plants source material within a radius of up to 30 km. One facility each
obtains substrate from within 10, 20 and 40 km of the biogas plant location.
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Among agricultural biogas plants, three of them take substrate from a location within
a 50 km radius of the facility (Figure 6). Two plants draw material from the same location
as the biogas plant. One each of the biogas plants has substrate delivered from distances of
up to 10, 30 and 40 km. The agricultural biogas plant in Piaski is supplied with substrate
taken from more than 50 km from the plant.

The majority of substrate is sourced from the locations of the biogas plants. In compar-
ison to the other two types of biogas plants, facilities at sewage treatment plants source
material from the shortest distances, which translates into a dominance in terms of the
localisation of substrate sourcing. The only biogas plant supplied with material sourced
from a distance greater than 50 km is an agricultural biogas plant located in the Lublin
region.



Energies 2023, 16, 3801 9 of 15

Energies 2023, 16, 3801 9 of 16 
 

 

as the biogas plant. One each of the biogas plants has substrate delivered from distances 
of up to 10, 30 and 40 km. The agricultural biogas plant in Piaski is supplied with substrate 
taken from more than 50 km from the plant. 

 
Figure 6. Distance of substrate acquisition of agricultural biogas plants, source: own development 
in QGIS 3.22.7. 

The majority of substrate is sourced from the locations of the biogas plants. In com-
parison to the other two types of biogas plants, facilities at sewage treatment plants source 
material from the shortest distances, which translates into a dominance in terms of the 
localisation of substrate sourcing. The only biogas plant supplied with material sourced 
from a distance greater than 50 km is an agricultural biogas plant located in the Lublin 
region. 

The vast majority of the biogas plants analysed produce biogas exclusively for their 
own consumption (Table 3). Representatives of two facilities indicated that they sell the 
surplus produced or give it to the grid. Biogas produced from one biogas plant located in 
Opole (Figure 7) is used by the generating facility and within a 40 km radius of the biogas 
plant. This is a municipal waste-fuelled biogas plant with an installed capacity of 0.528 
MW, which is greater than the capacity in more than half of the facilities of this type. In 
the case of biogas plants located at sewage treatment plants and agricultural biogas plants, 
the biogas produced is used exclusively for the facilities’ own needs (Figures 8 and 9). 

Table 3. Distance of biogas use and entities using produced biogas. 

Distance the Use of Biogas 

Who Uses Manufactured Biogas 

Our Company/Farm 
Our Enterprise/Farm, the 

Surplus Is Sold or Given to 
the Network 

Biogas is used at the same 
site as the biogas plant 58 2 

Up to 40 km 1 - 
Source: own elaboration. 

Figure 6. Distance of substrate acquisition of agricultural biogas plants, source: own development in
QGIS 3.22.7.

The vast majority of the biogas plants analysed produce biogas exclusively for their
own consumption (Table 3). Representatives of two facilities indicated that they sell the
surplus produced or give it to the grid. Biogas produced from one biogas plant located in
Opole (Figure 7) is used by the generating facility and within a 40 km radius of the biogas
plant. This is a municipal waste-fuelled biogas plant with an installed capacity of 0.528 MW,
which is greater than the capacity in more than half of the facilities of this type. In the
case of biogas plants located at sewage treatment plants and agricultural biogas plants, the
biogas produced is used exclusively for the facilities’ own needs (Figures 8 and 9).

Table 3. Distance of biogas use and entities using produced biogas.

Distance the Use of Biogas

Who Uses Manufactured Biogas

Our Company/Farm
Our Enterprise/Farm, the

Surplus Is Sold or Given to
the Network

Biogas is used at the same
site as the biogas plant 58 2

Up to 40 km 1 -
Source: own elaboration.

The use of the energy generated in biogas plants is decidedly local. This is due to the
small amounts of energy generated in the waste treatment process. All biogas plants use the
energy generated for the plant’s own needs. Any excess is fed into the grid. Representatives
of one biogas plant powered by municipal waste declare that, in addition to using the
energy for their own needs, any excess is used within a 40 km radius of the biogas plant.
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3.3. Management of Fermentation Waste

In order to clarify information about the operation of the biogas plants, additional
questions were asked about the amount of fermentation waste produced and how it was
managed. Unlike the previous questions, this part was open-ended, which influenced the
number (17) of responses received. Below are the two questions that were asked of the
biogas plant representatives and an analysis of the responses received:

1. What is the percentage of fermentation waste in relation to substrate you feed into the
biogas plan (e.g., on average in one month the fermentation waste constitutes X% of
the total substrate weight)?

Some units omit statistics on the amount of waste generated. They treat the fermen-
tation waste as equal to substrate, assuming that 100% of the output mass is input mass.
There were 3 responses stating that there was no data and 5 responses stating that the waste
volume is up to 15% of the substrate mass. The remaining responses are highly variable, on
a dry weight basis, with a ratio of waste to substrate dry weight of between 25% and 69%.

2. How do you manage fermentation waste? If you transfer fermentation waste, do you
have information on what happens to it afterwards?

The majority of fermentation waste is transferred to third-party recipients authorised
to process this type of waste. Among the ways of managing the fermentation waste are:

• recultivation of industrial sites;
• composting and biological transformation processes;
• fertiliser in agriculture;
• reclamation of the tailings pile.

Representatives of 4 out of the 17 plants in their responses did not indicate that the
fermentation waste is managed by external customers. The declared ways of managing the
fermentation waste from these plants were fertiliser in agriculture and thermal disposal.

4. Discussion and Conclusions

Biogas plants are facilities where waste is converted into energy in the form of biogas.
This contributes to the reuse of the raw material and its integration into a new production
cycle. The premise of a circular economy is that the aim is to minimise their production
through, among other things, local cooperation between businesses and society in many
dimensions. The results of studies carried out confirm that biogas plants can be a local
solution for managing part of man-made waste. The substrates that biogas plants use are
mostly sourced from the sites where the biogas plant is located. Unfortunately, for some
of the biogas plants, the substrate is sourced from an area with a radius of up to 50 km,
and one plant (an agricultural biogas plant) declared that it sources material from further
than 50 km away. Looking for an analogy to other systems, such distances in the case of
food systems, are treated as local systems (even up to 100 km) [46,47]. However, this does
not change the fact that it is worthwhile to strive to minimise this distance, reducing the
transportation needs of the system while at the same time increasing energy independence
in local systems. In terms of energy use, analysed biogas plants should be considered
definitely local, which has a positive impact on the environment and energy system.

Biogas plants also generate waste, and the amount of waste varies. Scientific stud-
ies say that the fermentation waste is about 85–95% of the weight of the raw materials
used [20,48–50]. Thanks to biological treatment, the waste generated in biogas plants can
be used in a variety of ways. According to studies [19,20,51,52], the most common use of
fermentation waste is as a fertiliser in agriculture, which was also mentioned in this study.
That corresponds with approaches observed by Grešlová et al. [53] in different countries,
where materials from agricultural production can support other processes, re-shaping the
energy metabolism of these areas. As a result, we can increase the autonomy of rural
areas in energy dimension [54]. There are mechanisms to support the development of
different renewable energy installations, including biogas [55,56]. However, studies carried
out for Central Europe confirm that future development of biogas plants should change
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from direct government subsidies to a more self-sufficient business model that emphasizes
collaboration, participation and the inclusion of local stakeholders in decision-making, as
well as the use of locally produced agricultural waste and residential biowaste as energy
sources [57].

Among the analysed biogas plant types, plants at sewage treatment plants are char-
acterised by the highest locality in their operation. The vast majority, 88%, of the biogas
plants of this type studied obtain their substrate from the same location. In the case of
a biogas plant at a sewage treatment plant, the substrate is sewage sludge, but it should
be borne in mind that the sewage arriving at the plant is an intermediate substrate. It is
from this that the sludge that feeds the biogas plants is produced during the biological
treatment of the wastewater. The local character of the operation also manifests itself in
the management of the biogas produced. Each biogas plant of this type uses the energy
generated for the plant’s own needs. In the case of agricultural biogas plants and biogas
plants fuelled by municipal waste, a typical relationship cannot be clearly identified. The
substrate of most plants is obtained from the same locations where the biogas plants are
located. The transport distance of the material for some plants reached up to 50 km for
biogas plants fuelled by municipal waste and more than 50 km for biogas plants fuelled by
agricultural waste. At the same time, it should be noted that, compared to the transport
needs of energy raw materials at distances of hundreds or thousands of kilometres for
waste incineration plants identified in the literature (transport mainly from Germany, the
Netherlands, Norway, Denmark and Finland to Sweden in 1999–2002) [22], the transport of
substrate to Polish biogas plants is definitely of a more local character. With regard to the
biogas produced, it should be added that, in the case of biogas plants located at sewage
treatment plants and agricultural biogas plants, it is used in the vast majority also for the
plant’s own needs. When considering the transport of the substrate and the produced
biogas together, biogas plants next to a sewage treatment plant are characterised by the
relatively lowest transport needs of the system.

The analysis carried out showed that biogas plants do not have a very high installed
capacity. Therefore, they should not be considered as large-scale energy generation facilities.
While biogas plants can be demand-supplementing plants, they will not be the main source
of energy due to their low energy production at the moment. It is not possible to say that
biogas plants are energy self-sufficient because, like other renewable energy sources, they
are characterised by power output variability over time. Almost all biogas plants (98%)
participating in the survey use the biogas produced exclusively for their own needs.

While interpreting the obtained results one has to bear in mind some of the limitations
of this research. First of all, evaluation of whether the operation of biogas installations in
Poland fits the concept of a circular economy was carried out only based on assessment
of how local installations operate. Complex evaluation would require cost analysis and
environmental analysis. The approach proposed in this paper is, therefore, an example
of the indirect estimation of a renewable energy situation. The other limitation is the
fact that access to information about biogas installations was different depending on the
respondents’ willingness to answer. However, considering that public statistics and reports
do not include this information, such a limited approach was the only possible way to
conduct this experiment.

In summary, the circular economy is a challenge that countries will be grappling with
over the coming years. Biogas plants, seemingly small energy production facilities, have an
impact on local waste management. Transforming the current economic system is possible,
but it requires clear regulations and consistency in action. It is a chance for rural areas to
diversify agriculture activities by contributing to socio-economic systems in additional
ways than just traditional food production [58]. At the same time, biogas plants should be
implemented in such a way as to properly communicate with local communities in order
to involve them in this transformation [59]. There is an important role to evaluate for such
plants from the perspective of social issues covering social involvement, acceptance, needs
and ultimately the social value of these investments [60]. Research carried out as part of
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this study has shown that the operation of biogas plants in Poland is compatible with the
goals of a circular economy using local energy resources. To increase their local character,
the locations of new biogas plants should be chosen in such a way as to minimise the need
for substrate transport. By successful implementation of biogas systems on a larger scale,
we can target two Sustainable Development Goals, namely: 7. Affordable and clean energy,
and 12. Responsible consumption and production [61].
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