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ABSTRACT
By analyzing the resources of the economic infrastructure (distilleries, diaries, fruit and vegetable processing and
meat processing factories) of the Biała Podlaska County, the possibilities of the biomass obtaining and creating the
biogas plants basing on the agri-food industry waste were estimated. The stocking of animals was the basis for the
assessment of manure and slurry resources that can be subjected to the methane fermentation process. On the basis
of the data concerning the surface of the wastelands, located on the Biała Podlaska County territory, the possibilities of the biomass from special crops were specified. In the Biała Podlaska County, it was established that there are
possibilities for obtaining the biomass for the biogas production: from livestock production (1 475 272 GJ/year),
maize cropping in marginal lands (172 875 GJ/year) and wastes and by-products from food industry (51 081 GJ/year).
The estimated potential of biogas allows for the construction of several agricultural biogas plants with a capacity of
1 MWe each, often built in Poland. The usage of the identified resources enabling the improvement of the energetic
safety and also can contribute to the sustainable development of rural areas and agriculture.
Keywords: renewable energy sources, biogas, biogas plant, substrates

INTRODUCTION
The development of civilization, the increase
in energy demand, with the simultaneous decrease in fossil energy resources force the search
for alternative solutions in the form of renewable
energy sources (RES) [Czekała et al., 2018].
The importance of renewable energy sources
for the energy security of regions and the country is continuously growing, and their additional
advantage is the improvement of the energy supply to the areas with poor energy infrastructure
[Bigili et al., 2017]. The use of renewable energy sources has social, economic, and environmental effects, most of which are beneficial, provided that eco-energy systems are planned and
used rationally [Ramos-Suárez, 2019; Safieddin
Ardebili, 2020].
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Energy planning on a commune, county or
voivodship level is an essential element of the
development of this sector, because the wrong
location of the investment may arouse social
protests, generate high costs – primarily related
to the transport of raw materials, and also cause
the emissions (noise, pollution, exhaust fumes),
which will affect the deterioration of the quality
of the environment [Piwowar et al., 2016].
In Poland, the use of biomass for the production of electricity and heat has the largest share in
the matrix of RES [Dach et al., 2014]. Biomass
can be used in thermochemical processes (combustion, gasification, pyrolysis) or biochemical
processes, such as anaerobic fermentation, during
which biogas is produced [Nunes et al., 2020].
Biogas is a mixture of gases, commonly forming in the environment, arising in the anaerobic
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digestion process. This process is basically wellknown; however, within the last years many scientists have used advanced computer methods
(including artificial intelligence) in order to model and control this phenomena –this is a typical
tendency not only in the RES area but also in environmental protection and agronomy [Janczak et
al., 2013; Dach et al., 2016]. The basic substrates
used in an agricultural biogas plant are natural
fertilizers (e.g., slurry, chicken manure, etc.), vegetable silages, and by-products of the agri-food
industry [Niemczyk et al., 2016].
The article estimates the biomass resources
available in the Biała Podlaska County, which can
be used for biogas production, without the risk of
disturbing the land resources for food and feed
production, as it is often emphasized in the literature [Czekała, 2018; Pochwatka et al., 2020].

MATERIAL AND METHODS
This article contains the results of research
carried out in the Biała Podlaska County (Lubelskie Voivodeship, Poland). The methodology
was described in [Listosz et al., 2017], and the
resources of solid biomass were estimated by
Kowalczyk-Juśko et al., [2020]. The information
was obtained from the surveys in communes and
the data from the Bank of the Local Data [GUS],
the Agency for Restructuring and Modernisation
of the Agriculture, the District Veterinary Officer
of Biała Podlaska and the Marshal Office of the
Lubelskie Voivodeship. On tha basis of these data,
the biomass sourcing possibilities and the availability of the substrates for the biogas production
in the Biała Podlaska County were estimated.
The study of the by-products and the waste
arising in agriculture as well as the agri-food industry was carried on to describe the potential
production of the biogas and estimate its capacity

from different sources. In the paper, the potential
of the maize biomass planted for energy purposes
was also estimated.
The research was based on the methods of estimation the regional resources of the biomass for
the energetic purposes, specified by KowalczykJuśko [2010] and Kościk and KowalczykJuśko [2011].

RESULTS AND DISCUSSION
The resources of by-products and waste, arising from the agriculture, the agri-food industry,
the composition of which allows processing them
in biogas plants, were taken into consideration.
Particular sources of the biogas are essentially
different from the others and the analysis of them
was therefore processed separately. The resources
possible to use in agricultural biogas plants are
such materials as: natural fertilizers (slurry, manure), agricultural industry waste, and cultivated
plants, especially maize.
Animals manure and slurry
Animal manure is the dominant group of substrates for agricultural biogas plants in Poland
[KOWR, 2020]. In order to determine the possibility of biogas production from these substrates
in the studied County, the number of farm animals in physical units was inventoried and converted into livestock units, following the Regulation [2019]. Over 60.7 LSU (Livestock Unit
equal to 500 kg) farm animals were inventoried in
the Biała Podlaska County: cattle, pigs, and poultry (Tab. 1). Approximately 3.7 thousand horses
and over 5 thousand heads of sheep and goats (in
total) were found, but these groups of animals
were not included in the calculations, since these
numbers are not significant. Moreover, they are

Table 1. The potential of biogas from manure and slurry
Unit

Cattle

Swine

Poultry

Amount of physical pieces

Specification

pcs.

56 587

131 698

13 726 159

Amount of LSU

pcs.

46 776

39 509

54 905

Amount of LSU in farms under vet control*

pcs

5 795

8 429

46 504

Nm3/LSU/year

589

339

1 369

Nm3/year

3 413 255

2 857 431

63 663 976

%

60

60

59

Nm /year

2 047 953

1 714 459

37 561 746

Unitary efficiency of biogas**
Biogas potential
Content of biomethane
Biomethane potential

3

*- data from District Inspectorate of Veterinary in Biała Podlaska
** – source: Klugmann-Radziemska 2009
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mostly kept on litter in small numbers, so these
faeces do not represent a significant potential for
biogas plants. Moreover, cattle, pigs, and poultry
on many farms are reared under the conditions
where it is not possible to obtain manure for biogas production (a small number of animals, grazing animals on pastures, frequent removal of manure to the fields as natural fertilizers).
The focus was placed on large farms under
veterinary control to determine the real amount
of manure and slurry useful for biogas production. On the basis of the data from the District
Inspectorate of Veterinary in Biała Podlaska, it
was calculated that the number of LSUs in cattle, pigs, and poultry is 5795, 8429, and 46504
units, respectively. The theoretical amount of
biomethane from these animals’ faeces is in total
41 324 158 Nm3/year (Tab. 1). The high potential of biogas that can be obtained from poultry
farms is noteworthy. This production is very developed in the studied region (including poultry
farms and slaughterhouses). The poultry manure
is a nuisance waste from production due to the
unpleasant odor, which can be eliminated or at
least reduced by methane fermentation [Anjum et
al., 2017]. At the same time, these waste products
have a high unit biogas capacity, although their
fermentation is not easy, due to the high content
of ammonia and ash [Markou, 2015; Janczak et
al., 2017].
Biogas from agri-food industry
Besides the livestock production, there is a
significant potential for biogas production in the
plants processing the products of agricultural origin, including sugar factories, distilleries, breweries, dairies, malt barns, meat industry, fruit and
vegetable processing, fodder production, gelatin
production, fish processing, production of vegetable and animal fat, etc. These plants were inventoried [Listosz et al. 2017], the type and amount
of waste and by-products generated during the
year were also determined. The organic waste
from the food industry (e.g., fruit and vegetable
waste, dairy waste, stillage, spent grain, beet pulp
from the sugar industry) have a high energy potential, and they are a low-budget resource for
the biogas plants as in many cases the disposal
of them would be expensive for the producers.
An example of this kind of waste may be slaughterhouse by-products, containing animal masseters, blood, fat remains. Especially, the food
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processing plants are supposed to be interested in
the management of their waste. Pursuant to the
low regulations, depositing this waste in landfills
is prohibited [Act… 2012].
On the basis of the inventoried amounts of
the waste from the agri-food industry in the Biała
Podlaska County, the potential of the biogas from
the waste was estimated. The results of the estimation were reported in Table 2.
In the Biała Podlaska County, there are nine
types of biodegradable waste. It was found that
three of them are dominate resources: pomace,
must and after-digestion sludge, stillage; industrial water treatment plant sludge (provided they
are collected separately from urban wastewater
in accordance with the regulations [Act… 2015])
and raw materials and products, not suitable for
consumption and processing. In total, there was
over 58,000 Mg of biodegradable waste, suitable
for biogas production, yearly collected (Tab. 2).
The estimated amount of the processable waste
may be enough to produce almost 1,500,000 Nm3
of biomethane. It is, however, necessary to consider that over 90% of the estimated potential
origins from the waste, labeled with ’02 07 80’
code (pomace, must and after-digestion sludge,
stillage).
Silage from special crops
The cultivated plants silage may be a supplement for substrates for the agricultural biogas
production. The silage from whole maize plants is
used most commonly, as this plant does have low
soil requirements, it gives a high harvest and the
efficiency of biogas is high. In order to minimize
the competition between the production of energy
crops and those grown for feed and consumption,
it is recommended to locate energy crops on lowquality land where traditional crops are not profitable. In order to estimate the potential resources
of maize to use by biogas plants, it was assumed
that it would be planted on the 10% of inventoried
area of marginal grounds (5, 6, 8, 9 complexes of
agricultural soil suitability). Such lands occupy
approximately 12.2 thousand hectares in the Biała
Podlaska County [Kowalczyk-Juśko et al. 2020].
The following parameters of maize biomass were
adopted for the calculations: yield – 45.7 Mg/ha,
d.m. content – 30%, o.d.m. content – 95% in d.m.,
biogas efficiency – 575 Nm3/Mg o.d.m., methane
content in biogas – 53% [Kowalczyk-Juśko et al.
2015]. It was calculated that, on average, in the

Journal of Ecological Engineering Vol. 21(8), 2020
Table 2. The potential of the biogas from the agri-food industry
Territory unit
Międzyrzec Podlaski (urban
commune)
Międzyrzec Podlaski (rural commune)
Biała Podlaska (rural commune)
Janów Podlaski
Konstantynów

Leśna Podlaska

Rossosz

Waste
amount

Content of
dry matter
(d.m.)

Content of
organic d.m.

Efficiency of
CH4**

Biomethane
potential

kg

%

% d.m.

Nm3/kg o.d.m.

Nm3

3 100 830

0.03

0.90

0.45

37 675

020202

151 230

0.20

0.80

0.43

10 405

020204

3 090 942

0.03

0.90

0.45

37 555

020380

42 000

0.30

0.90

0.38

4 309

020304

3 600

0.15

0.80

0.45

194

020380

22 600

0.30

0.90

0.38

2 319

020780

7 271

0.08

0.83

0.38

184

020101

42 000

0.04

0.92

0.33

510

020780

51 024
000

0.08

0.83

0.38

1 287 438

020304

860 900

0.15

0.80

0.32

33 059

020380

117 000

0.30

0.90

0.38

12 004

020106

16 000

0.15

0.80

0.27

518

020202

57 200

0.20

0.80

0.43

3 935

020203

30

0.20

0.80

0.43

2

020281

10 550

0.20

0.80

0.43

726

58 546
153

-

-

-

1 430 833

Code of
waste*
020204

Total

* – waste codes according to: Act… 2012.
** – source: Wittmaier M. 2003.

study area, 55754 Mg of fresh biomass can be collected, from which, after ensilage, 9,136,687 Nm3
biogas (4,842,444 Nm3 of biomethane) can be
obtained. This potential is only theoretical, as the
cultivation of plants for the energy purposes depends on the sales market and the price relationship between energy biomass and the yields of
plants grown for food and fodder.
Energy potential from biogas in Biała
Podlaska County
The calorific value of methane of 35.7 MJ/Nm3
was used to calculate the amount of Energy obtainable in the study area. The estimations carried
out, concerning the different types of substrates
used for the biogas production proved that the
livestock does have the highest energy potential

– almost 1.5 mln GJ (Tab. 3). Considering a
supplement of special crops (e.g., maize silage),
this potential may be significantly higher. A third,
significant source of the biogas may be the agrifood industry waste [Garcia et al., 2019], which
enables to obtain about 51 thousand GJ of energy
each year. The potential of the biogas production
from three agricultural sources enables to obtain
almost 1.7 mln GJ of energy (Fig. 1) and it differs
in individual communes (Fig. 2).
Under the Polish conditions, an agricultural
biogas plant, producing electricity and heat in
cogeneration, with a capacity of 1 MWe uses annually approximately 4 million Nm3 of biogas,
containing approximately 50% of biomethane.
Therefore, the estimated amount of biomethane
that can be obtained from the substrates – most
of which are currently available in the study area

Table 3. The potential of biogas end energy production from different types of waste in Biała Podlaska County
Specification

Biomethane production potential
Nm3/year

GJ/year

From livestock production

41 324 158

1 475 272

From special crops

4 842 444

172 875

From agri-food waste

1 430 833

51 081

Total

47 597 435

1 699 228
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Figure 1. Biogas potential of energy (GJ) from different sources

Figure 2. Estimated biomass resources (GJ) in communes of Biała Podlaska County

(except for maize biomass) – allows for the construction of several biogas plants with an average capacity of 1 MWe. Of course, these estimates
are general; they do not take into account the efficiency of facilities, losses of raw materials and
energy, etc. However, they allow determining the
order of magnitude of available substrates and
the development opportunities of this production sector.
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CONCLUSIONS
1. According to the research, it was concluded
that in the Biała Podlaska County there are important resources of the economic infrastructure (animal farms, alcohol factories, fruit and
vegetable processing factories, meat processing factories), that may be a potential source of
the waste, used for the biogas production.
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2. The estimated biogas potential was about
1.7 million GJ of energy per year, without affecting the nutritional safety of the region and
the state. The highest potential for the biogas
production is located in the poultry farms –
over 1.3 million GJ of the energy.
3. The most reasonable solution is to use biomass
on a local scale, e.g., for electricity production,
heating the municipal and individual buildings.
The local usage of the resources enabling the
improvement of the energetic safety and also
the sustainable development of the rural areas
and the agriculture.
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