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Abstract: The agricultural sector can play an important role in the transformation of the energy
economy in Poland. Special attention in this paper has been paid to the development of the agricultural
biogas market in Poland. The considerations mainly concern organizational and economic aspects.
Agricultural biogas plant represents the circular cycle of matter and energy. It enables the establishment
of low-carbon, resource-efficient links between the agriculture and energy sectors. This is an important
element of the circular economy, where waste from agricultural production and the agri-food industry,
coming from renewable resources, is transformed into goods with a higher added value. The social
and economic needs of the present generation and future generations are considered. The paper
presented the characteristics of the Polish market, i.e., the number of entities, the number and location
of plants, as well as the production volumes. Analyses were performed in the area of raw materials
used to produce agricultural biogas. The analyses were carried out between 2011 and 2018. According
to analyses, the potential of the agricultural biogas market in Poland is currently being used to a small
extent. It is necessary not only to provide institutional support but also to increase the awareness
of farmers and managers in agri-food companies of the possibility of using production waste for
energy purposes.
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1. Introduction

The modern village is not only a place of intentional plant cultivation and animal husbandry for
food purposes but also an area with a much wider range of production and service activities. Activities
in the field of substrate production and implementation of manufacturing and service processes in the
energy sector are important from the concept of multifunctional development of rural areas, sustainable
development, and transformation towards low-carbon development. Biogas, as an energy carrier can
play an important role in low carbon energy transitions [1,2].

Agriculture in Poland is one of the main emitters of greenhouse gases. This is due to the relatively
high animal production and the related problem of the disposal of animal faeces [3]. Poland is one
of the leaders in the European Union in animal breeding (especially in poultry production) [4-6].
The intensive animal production is concentrated in the central, northern, and north-eastern parts of
Poland [7]. The agricultural sector in Poland is the fourth largest emitter of methane and nitrogen
oxide from agricultural production in the European Union [8]. Problems related to the protection
of the natural environment in the aspect of the development of the agricultural economy in Poland
are increasingly the subject of analyses in scientific works in the areas of technology, economics, and
protection of the natural environment [9-12]. The challenges to be faced by Polish agriculture in the
coming years result to a large extent from the need to reduce greenhouse gas emissions in connection
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with climate change. In general, this is important for assessing the achievement of the objectives of
agricultural, energy, climate, and environmental policies [13-15].

In turn, agriculture and rural areas in Poland constitute a reservoir of renewable energy sources
(RES) and an area for development in this scope [16]. There is a possibility for the development of
photovoltaic and wind farms [17,18]. One of the opportunities for RES development in Poland is
the production of agricultural biogas [19-22]. This is very important from many points of view. It
provides, among other things, opportunities to increase the degree of independence from the imported
energy supplies (mainly gas imports from Russia), enables diversification of supply sources, and
creates conditions for the development of distributed power generation based on locally available
raw materials. This is also particularly important in terms of achieving energy policy objectives. It is
known that Poland will not be able to meet the objectives set for 2020 (i.e., 15% share of renewable
energy in the gross final energy consumption). The Ministry of Energy in Poland estimates that it
is possible to achieve a 21% share of RES in the gross final energy consumption in 2030, which will
be achieved successively by reaching 15% in 2022, then approximately 17% in 2025, and about 19%
in 2027. The document “National Energy and Climate Plan 2021-2030”, submitted and adopted by
the Committee for European Affairs at its meeting on 18 December 2019, also sets a target of 23% in
2030. Still, it will only be possible to achieve if Poland is granted additional EU funds, including funds
intended for a fair transformation [23].

Given the specific situation of Poland in the scope of the energy economy (approximately 80%
of energy comes from non-renewable sources: hard coal and lignite), opportunities for low-carbon
development are seen in increasing the production of biogas, including agricultural biogas. Coal
power plants are also significant parts of Germany’s and the Czech Republic’s energy mix [24-26]. On
the other hands, in recent years, there has been a rapid development of biogas energy generation in
many European and South-East Asian countries [27-29]. The number of biogas plants in Europe has
greatly increased. The total number of biogas plants rose from 6227 to 18,202 installations (+11,975
units) between 2009 and 2018 [30]. More than 70% of the EU biogas plants for electricity must operate
on agriculture feedstock [31]. The biogas from anaerobic digesters is dominant in Germany, Italy,
Denmark, Czech Republic, Austria, and Greece [31-33]. The leader in the agricultural biogas market in
Europe is Germany, where an appropriate financial policy enabled an increase in the number of plants
from 50 to 2279 in the period from 1999 to 2010 [34]. Between 2000 and 2003, the number of biogas
plants in Germany increased from 850 to 1750 [35]. Despite a well-developed market in the examined
scope, Germany is also looking for innovative paths of development in the context of including biogas
plants in the bioeconomy system [36]. Moreover, in the Czech Republic, the biogas market has been
developing rapidly. The total number of biogas plants in this country has increased from a few to 600
(where the total capacity of electricity generation of the plants exceeds 360 MW) [37].

Poland also has vast potential in this area. The organizational and technical potential of biogas
produced only from livestock manure in Poland, depending on the adopted variant of technological
parameters, ranges from 398.7 (realistic variant) to 1379.6 million m?/year (hypothetical variant) [8].
The biogas potential for animal manure in Poland was estimated at 6.4 billion m? [38-40]. In 2009, the
Ministry of Agriculture and Rural Development in Poland presented a programme for the development
of this market, where it was planned to build 2500 agricultural biogas plants with a capacity of
2000-3000 MW by 2020. The Ministry of Agriculture and Rural Development in Poland prepared
assumptions for the Agricultural Biogas Plant Development Programme, constituting a proposal from
the Minister of Agriculture and Rural Development that was submitted to the Minister of Economy
for the needs of the "Innovative Energy Sector, Energy Agriculture”" programme. Has this goal been
achieved? How many agricultural biogas plants currently operate in Poland? What raw materials are
used to produce agricultural biogas in Poland? Analyses in this area were carried out and presented in
this paper.

The main purpose of this research was to characterize the agricultural biogas market, as well
as present the historical background and current level of development. An additional goal was to
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identify the changes and development dynamics of this energy sector, along with an indication of
further potential opportunities for development. To this end, a comparative analysis of the statistical
data regarding the number of entities involved in biogas production, their location and the volume of
production was carried out. Special attention was paid to the analysis of raw materials used for biogas
production in Polish biogas plants. The main time range of the analyses was from 2011-2018.

One of the main priorities for the development of the energy sector in Poland in the coming years
will be the development of distributed generation. In this context, the production of agricultural biogas
is one of the most future-oriented directions of the distributed generation among renewable energy
sources. Plants producing agricultural biogas, in which plant biomass, animal faeces, and organic waste
from the agri-food industry are used to produce valuable goods (the value of waste is maximized),
constitute an important element of the bioeconomy. The generation of energy from renewable sources
and its use are important components of sustainable development. This is particularly important in
terms of achieving long-term economic and environmental objectives.

This paper consists of a theoretical part and an analytical part. In the first part, the characteristics
of agricultural biogas plants in the context of the development of the circular and low-carbon economy
are presented. Then, the agricultural biogas market in Poland, with emphasis put on organizational
and economic issues, are described. Finally, the conclusions and recommendations in the examined
subject area are presented.

2. Agricultural Biogas Market in the Context of Circular and Low-Carbon Development

The circular economy is a departure from the linear model. This economy is based on the
reuse of waste, which should translate into a sustainable, low-carbon, and resource-efficient economy.
Agriculture has a special place in the circular economy (waste from plant and animal production, waste
from farmers” households), while organic waste can be used as feedstock for energy production. In this
context, biogas production is one of the most attractive forms of obtaining electricity and heat [41-43].

Many reasons justify the development of distributed energy generation in Poland. Generation
of energy in a distributed system (distributed energy generation) has advantages in the technical,
organizational, and economic areas. The Polish energy sector is based mainly on inefficient coal-fired
blocks [44—46]. Currently, most of the energy produced in Poland comes from conventional fuels such
as hard coal, lignite, natural gas, or crude oil. The share of renewable energy carriers in the total energy
consumption in Poland was 8.2% in 2018 [47]. Poland has one of the highest levels of emission of
carbon dioxide in Europe in relation to the electricity produced (773 g CO,/kWh in 2016) [48].

Furthermore, the system is characterized by an overhead, mostly depreciated and inefficient
power grid, especially in rural areas [49]. The development of energy generation based on distributed
energy sources is a favourable solution from the economic point of view. This is due to cost reductions
linked to energy transmission and the load on the transmission networks. Other advantages considered
within the area of social sciences, including entrepreneurship and cooperatives, are also important. The
functioning of elements of a distributed energy generation system in rural areas, including agricultural
biogas plants, can be a lever for the economic and social progress. Agricultural biogas plants are part
of a regenerative economic system, in which waste from some processes is used as feedstock for others.

Agricultural biogas plants perform many economic, environmental, and social functions essential
for the development of the low-carbon and circular economy.

The production of agricultural biogas is an opportunity to generate additional income for the rural
population—not only for producers of raw materials but also for people involved in the storage and
transport of biomass [50]. The functions and economic benefits associated with the development of the
agricultural biogas market can be analysed at various levels: macro-, meso-, and microeconomic. From
a macroeconomic point of view, the impact of the activities associated directly (agricultural biogas
producers) and indirectly (e.g., collection and transport of substrates to biogas plants) with biogas
production on the revenues of the state budget and local government budgets is significant. The funds
obtained for the state budget and local government budgets come from income tax (CIT (Corporate
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Income Tax), PIT (Personal Income Tax)) and turnover tax (VAT). Pursuant to Articles 23 and Art 24
(1) of the Act of 20 February 2015 on RES (Journal of Laws 2017, item 1148, as amended), business
in agricultural biogas production conducted in RES plants other than micro scale agricultural biogas
plants is a regulated activity. This is within the meaning of the Act on Freedom of Economic Activity
and requires an entry in the register of agricultural biogas producers kept by the General Director of
the National Support Centre for Agriculture. The current rate of stamp duty for making an entry in the
register is PLN 616 (i.e., approximately EUR 140).

The economic and social functions of agricultural biogas plants, relevant for the development of
the low-carbon economy, include:

e Additional opportunities for farmers to manage waste from agricultural production, which also
allows reductions in the volume of bio-waste.

e Improvements in the efficiency of residues management from plant and animal production and
waste from industrial processing of agricultural raw materials.

e  Development of low-carbon energy sources in rural areas—biomass production on wasteland, etc.

e  The modernization of road and storage infrastructure in rural areas.

e Development of distributed energy generation based on local energy resources.

e Improvement in the energy self-sufficiency of agricultural holdings.

e Additional sources of income for farmers and rural residents.

e  Promoting the use of energy from renewable sources among residents of rural areas.

From an economic point of view, biogas production has many advantages. Local and regional
development opportunities, including the creation of new jobs in rural areas, are particularly important.
In addition,, agricultural biogas plants can be an asset in terms of image for the areas in which they
operate. These areas can be perceived as modern and friendly to new technologies. This may attract
further investments, including “green” ones. An important element in social factors is the education of
residents of rural areas. An idea of creating educational centres and premises at biogas plants seem to
be an interesting solution. Such a solution was proposed for the planned biogas plant in the village of
Golina [51].

From environmental functions and benefits, it is worth emphasizing that the development of
agricultural biogas plants is an important element of the process of recycling organic waste into
fertilizer products (digestate as fertilizer) [52]. An important aspect of the operation of biogas plants in
the context of the environment is the reduction of gas emissions generated during storage of liquid
manure, as well as a reduction in emissions of odour substances. Biomethane has a lower carbon
footprint than natural gas as it is derived from organic waste [53].

The issue of managing environmentally harmful waste is important in terms of the functions
of agricultural biogas plants. Methane fermentation and other processes taking place in agricultural
biogas plants protect the natural environment by reducing the carbon and methane emissions that
contribute to the greenhouse effect [27,54]. The utilization of organic matter for the needs of biogas
production reduces its uncontrolled decomposition that results in greenhouse gas (GHG) emissions.
Curkowski et al. emphasize that 1 MWh of electricity produced from agricultural biogas causes several
times fewer emissions of basic air pollutants (mainly sulphur dioxide and nitrogen compounds) than
the same energy produced from fossil fuels [55]. Sulewski et al. show that the use of natural fertilizers
for energy production in Poland would reduce emissions of greenhouse gases from agriculture by
17.4% [38].

Apart from the positive impact on the soil and water environment and the atmosphere, the
possible unfavourable elements in the rural environment are also important in the discussed subject
area [56,57]. The issues of compositional and architectural elements of agricultural biogas plants in the
agricultural landscape were presented in Pawtowski’s study [51]. The agricultural biogas plant, as
a new form of rural development, should be designed following the spatial order and the cultural
identity of rural areas. Agricultural biogas plants possibly can also cause excessive nuisance (e.g.,
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odour from tanks and silos where substrates are kept). The problem to the environment may also
result from increased traffic of vehicles transporting substrates [58,59].

3. Current Status and Development Opportunities of the Agricultural Biogas Market in
Poland—Production Volume, Feedstock, and Economic Conditions

The development of the biogas market in Poland is linked closely with the natural, legal, and
economic conditions (feedstock for production, administrative decisions on the location of biogas plants,
prices of green certificates and other forms of support for biogas production, costs of investments in
technical infrastructure, etc.). The decision to build an agricultural biogas plant should be preceded by
detailed analyses concerning, inter alia, the quantity and quality of available substrates, the possibility
of obtaining methane from them, and the economic efficiency of the entire project [21,60-63].

In the years 2011-2018, high dynamics of changes in the volume of agricultural biogas production
were recorded in Poland (Table 1).

Table 1. Basic data were characterizing the number of entities dealing with the production of agricultural
biogas in Poland in 2011-2018 and the volume of this production [64].

The Amount of The Amount of

The Number of The Number of Ae ricu(l)tlll1 ralo Electricity
Year Entities Entered Plants Included in . 8 Generated from

. . . Biogas Produced .

into the Register the Register (thousand m?) Agricultural

Biogas (MWh)

2011 4 8 36,646 73,433
2012 10 16 73,152 141,804
2013 21 28 112,412 227,890
2014 35 42 174,253 354,978
2015 50 58 206,236 429,400
2016 69 78 250,159 524,532
2017 84 94 291,742 608,269
2018 86 96 303,609 638,510

As of 31 December 2018, there were 96 biogas plants in Poland, operated by 86 business entities.
The total installed capacity in all plants was 101,767 MW [64]. Very high dynamics of growth were
worth noting—not only in the number of production plants (from 8 to 96) but also the amount of
biogas produced (over 8-fold increase in the period of 2011-2018). However, stagnation in the biogas
market was observed in 2017-2018, which was primarily due to the lack of stability of the legal system
regulating the renewable energy market. The prevailing business model is the operation of one plant by
an entrepreneur functioning in this market in Poland. The largest entity producing agricultural biogas
is Goodvalley Agro S.A. (it operates eight plants with a total technical capacity of 23,170 thousand
m?>/year, i.e., approximately 6% of the total annual technical capacity of agricultural biogas plants in
Poland—391,329 thousand m?/year as of 5 January 2018). The locations of functioning plants producing
agricultural biogas in Poland is shown in Figure 1.
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Zachodniopomorskie Warmifisko-Mazurskie

Podlaskie

Kujawsko-Pomo

Lubelskie
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manufacturing installations
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[ 12464 - 16055
116056 - 29646

29647 - 43238 . .
-43239 - 56829 - Number of installation

Figure 1. The number and capacities of agricultural biogas plants in Poland broken down by provinces
(as of 24 January 2019) [65].

Considering the territorial distribution, the largest number of agricultural biogas plants in Poland
(as of 31 December 2018) were in the Zachodniopomorskie province (13 plants), followed by the
Warmirisko-Mazurskie, Dolnoslaskie and Wielkopolskie provinces (10 plants each), and the Pomorskie
and Podlaskie provinces (9 agricultural biogas plants each). The least plants were in the south of the
country. In total, 7 plants were operating in the Slaskie, Matopolskie, and Podkarpackie provinces.
In recent years, the agricultural biogas market in Poland has undergone significant changes in the
structure of raw material consumption (Table 2).

Table 2. Consumption and structure of substrates to produce agricultural biogas in Poland in
2011-2018 [64].

Speciﬁcation Units 2011 2012 2013 2014 2015 2016 2017 2018
Liquid Manure (Mg) 265961 349,173 455583 574,069 598963 774997 807,223 757,555
(%) 56.66 38.07 28.94 27.00 24.11 23.98 21.26 18.94
Residues from Fruit and (Mg) 10984 86,109 268599 355740 494,046 665315 756929 769,546
Vegetables (%) 234 9.39 17.06 16.73 19.89 20.59 19.94 19.24
Distillers Grains with Solubles (M8) 30465 146607 354877 349366 439580 477503 762296 839,983
(%) 6.49 15.99 2254 16.43 17.69 14.78 20.08 21.00
Maize Silage (Mg) 108,876 241,500 287,471 416595 415322 439,145 472,152 482,805
(%) 23.19 26.34 18.26 19.59 16.72 13.59 12.44 12.07
Bee Pulp (Mg) 6922 37082 101,661 189,811 189,016 222157 280,209 291,768
(%) 147 404 6.46 8.93 7.61 6.87 7.38 7.29
Other (Mg) 46207 56560 105988 240,796 347,574 652,622 718,121 858,499

(%) 9.84 6.17 6.73 11.32 13.99 20.19 18.91 21.46
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During the initial period of development of the agricultural biogas market in Poland, primarily
liquid manure and maize silage were used as the main feedstock for production. In 2011, 265,960.79
Mg of liquid manure and 108,876.14 Mg of maize silage were used to produce agricultural biogas,
which accounted for 56.7% and 23.2% of the total volume of raw materials consumption, respectively.
The share of liquid manure in the structure of raw material consumption has been decreasing year
by year, and currently, the main raw materials for the production of agricultural biogas in Poland
are distillers’ grains with solubles (consumption in 2018 was 839,983.10 Mg). In the structure of raw
material consumption in the period considered, there was a substantial increase in the volume of “fruit
and vegetable residues” and “other” categories. In the latter category, consumption of the following
raw materials, inter alia, was recorded in 2018: process sludge from the agri-food industry (107,972.444
Mg), manure (85,422.018 Mg), and expired food (73,620.296 Mg). It is worth mentioning that the scale of
food losses and waste in Poland is enormous. It is estimated that in quantitative terms, approximately
9 million tons of food is wasted annually in Poland [66,67]. In this context, further opportunities for the
development of the agricultural biogas market can be sought in the area of raw material management
(expired and unused food from commercial companies, mass catering establishments, households).

The intensive development of agriculture in Poland (high-input, resource-intensive farming
systems) causes an increase in the supply of organic waste [3,68]. Given the large production volume,
not only agriculture but also the agri-food industry can additionally supply biogas plants with feedstock.
Hopes in this regard in Poland are seen in the poultry industry. Currently, Poland is a leader in poultry
farming in the European Union. However, poultry litter is used for further processing only to a small
degree. It is a raw material that enables high-volume biogas production, given its high content of
organic matter [69]. According to literature data, poultry litter is characterized by a content of dry
organic matter ranging from 63% to 80% dry mass (DM), biogas production at a level of 250-450 m®/Mg
of dry organic mass, and methane content in biogas at a level of 60% (by volume) [70,71]. The problem
with the use of poultry litter is from the high concentration of ammonium nitrogen, which can cause
issues in the operation of a biogas plant. It can be solved using co-digestion [72], which requires new
technological solutions [73-77]. Biogas plants have been perfected for decades, and yet the process
of anaerobic digestion and biogas production from poultry litter is an important challenge from a
research, economic, and environmental standpoint. It can be expected that technologies related to the
economical use of this type of waste will continue to develop in the coming years.

Currently, in Poland, the total annual production potential for biogas (from substrates originating
in the agricultural sector) is estimated to be from 2 to 5.5 billion m?3 [78]. Igliiski et al. (2020) calculated
that the amount of energy that can be obtained from biogas in Poland is 131 PJ/year [79]. According
to the data presented, the potential for agricultural biogas production is not used. So far, no stable
support system has been set up to stimulate investments and guarantees for long-term investments in
the area of agricultural biogas supply (purchase of energy, certificates of origin, etc.). The problem
consists of using this potential and creating favourable conditions for development. Financial support
for biogas production was insufficient, while rapidly changing regulations concerning renewable
energy (including biogas plants) were not conducive to the use of potential opportunities.

The development of the agricultural biogas market in Poland should accelerate in the coming
year’s thanks to new regulations related to the organisation of the market. A system of green certificates
has existed in Poland since 2005 [80]. Despite the good initial quotes for the certificates, their price has
been decreasing dramatically over time. This led to a situation where plants ceased to be profitable.
In turn, a feed-in tariff (FIT) system has been in place since 2018. This mechanism allows generators
with plants with an installed capacity below 500 kW to start selling energy at a guaranteed price.
Plants using the FIT system make it possible to receive 90% of the reference price for 1 MWh from the
obligated seller. The second support instrument introduced (feed-in premium, FIP) concerns plants
with a capacity of not more than 1 MW and not less than 500 kW. The FIT system is simple and can be
used by smaller plants (e.g., at agricultural holdings), where the owners have problems with waste
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management. The profitability can be improved by higher energy sales prices and financial support
for investments. FIT or FIP tariffs are to be valid for 15 years, but not beyond the end of 2035.

4. Conclusions

From 2011 to 2018, 88 new installations to produce agricultural biogas were created in Poland.
The amount of biogas produced increased by 266.918 million m?® during the considered time range.
For the needs of agricultural biogas plants in Poland from 2011-2018, a total of 18,600,441 Mg of raw
materials was used, of which the most liquid manure (4,583,524 Mg, i.e. 25% of the total raw material
weight). Given the development of the agricultural biogas market, it was possible to increase the
economic and environmental effects (in the context of the development of the circular economy). The
construction of such facilities fits very well with the specificity of the Polish food economy. That is, the
high potential resulting from natural factors and the level of development of agriculture (area of arable
land, livestock population) and the developed agri-food industry (waste volume that can be used in
biogas plants). Agricultural biogas plants can also be an important link around which local energy
centres (clusters) will be created. Production activity in the field of agricultural biogas in Poland is still
at a developmental stage, which is changing dynamically (i.e., the number of installations, volume of
raw materials consumption, and changes in the structure of consumption).

The review of the literature and the results of analyses carried out indicate that agricultural biogas
plants perform many economic, environmental, and social functions necessary for the development
of a low-carbon economy in Poland. The development of the biogas market in Poland is closely
related to legal and economic conditions, as well as administrative decisions regarding the location
of biogas plants, and financial support in the areas of investments and operation (production), etc.
Agricultural biogas plants are an essential element in the context of the evolution of the energy market
in Poland towards the decentralized (distributed) model. An opportunity for further development of
the agricultural biogas market is seen in new financial mechanisms that are beneficial for producers
generating energy from agricultural biogas. This applies to already plants operating on the energy
market and plants that are just starting up. Effective, economically efficient ways of collecting organic
products (waste) from households of farmers and other rural residents for use in the production of
biogas are also a challenge in the investigated area. In addition, poultry litter can be used on a larger
scale as a substrate to produce agricultural biogas. This considers that Poland is currently the largest
producer of poultry meat in the European Union. Utilization of the raw material resources that have
not been used so far is a challenge from a technological (modernization of technology, efficiency,
and performance issues), organizational (changes in the logistics process), and social (education,
dissemination of good agricultural practices) standpoint.
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