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Abstract. The activity and efficiency of agricultural biogas plants are important issues in the field of 

low-emission development in rural areas and in agribusiness. The essence of the problems concerns 

mainly sustainable waste management in agricultural production. The main purpose of this study is to 

analyze the volume of agricultural biogas production in Poland and the structure of consumption of 

raw materials used for production of agricultural biogas. The analyses were carried out in the period 

of 2011–2017. The paper also presents results of empirical research on the agricultural practices as 

part of the subject area of the development of the agricultural biogas market in Poland. The aim of the 

questionnaire surveys of agricultural holdings was to obtain information on the use of the biomass 

from field crops and grasslands for energy purposes and the interest in the development of agricultural 

production towards the cultivation of energy crops. The results of the analyses were presented in the 

spatial arrangement of research. 
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Introduction 

Agricultural activity, understood as purposeful cultivation of plants and livestock 

breeding for the purpose of obtaining certain goods for satisfying the social needs, has been 

subjected to major changes in Poland in recent years. An important direction of changes is 

an increase in the supply of goods from the agricultural sector for the use for energy 

purposes. This applies both to changes in the structure of agricultural production (including 

an increase in the area of rapeseed crops and energy crop plantations) as well as the use of 

waste from the plant and animal production for energy purposes. Agriculture and rural 

areas in Poland have a very large potential for the development of the bioenergy sector. An 

important direction of the development of the market of renewable energy sources in rural 

areas is the production of energy in agricultural biogas plants (Ingrao et al., 2019; Piwowar, 

Dziku , Adamczyk, 2016; Appel, Ostermeyer-Wiethaup, Balmann, 2016; Ba a, 2017; 

Koz owski et al., 2018; Czeka a, 2018). European Union's efforts aimed at increasing the 

share of the energy produced from renewable energy sources are conducive to this 

(Directive 2009/28/EC). A relatively quick increase in the production of energy obtained 

from agricultural biogas plants has been recorded in recent years in Visegrad Group 

countries (Chodkowska-Miszczuk, Kulla, Novotný, 2017; Piwowar, Olsza ska, Režný, 
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2017). The development of the biogas market is particularly important in countries with a 

relatively low energy self-sufficiency and security. The necessity of replacing fossil fuels 

with renewable raw materials is also important in the investigated problem area. The 

production of biogas in the European Union is the largest in Germany and Italy (Torrijos, 

2016; D'Imporzano et al., 2018; Scarlat, Dallemand, Fahl, 2018). The largest share in the 

structure of the energy obtained from renewable energy sources in the European Union is in 

Germany (over 20% share) (Majewski, Sulewski, W s, 2016).  

Agricultural biogas plant is an element of technical infrastructure more and more 

frequently met in rural areas in Poland. From the technical point of view, an agricultural 

biogas plant is an installation for the purposeful production of biogas, where bioproducts 

from agriculture as well as forest biomass and waste from the food industry are used as the 

substrate for the production. It is important from the economic and ecological point of view 

that the substrates for the production of agricultural biogas include mainly residues from 

crop production, livestock manure as well as residues or by-products from agricultural and 

food processing. Thus, the biogas obtained in agricultural biogas plants in the process of 

anaerobic digestion of biomass belongs to renewable energy sources. The use of the 

residues from the agricultural and food industry as well as by-products of agriculture in 

agricultural biogas plants contributes significantly to the protection of the natural 

environment and plays an important role in it (Zain & Mohamed, 2018; Kuziemska et al., 

2014). As mentioned earlier, different substrates can be used in the production process. 

Depending on the parameters of the substrate (dry matter content, rate of decomposition, 

etc.), different production technologies are available (Cie lik et al., 2016; Plugge, 2017; Liu 

et al., 2017). The basis for technical processes in the scope of agricultural biogas production 

is provided by biochemical transformations. 

Objective, methodology and sources of information 

The main purpose of this study is to analyse the volume of agricultural biogas 

production in Poland and the structure of consumption of raw materials used for production 

of agricultural biogas. The analyses were carried out over the period of 2011–2017. The 

basic source of information was the data obtained from the National Centre for Agricultural 

Support. In addition, the paper presents results of the research on the agricultural practices 

as part of the subject area of the development of the agricultural biogas market in Poland. 

Selected results of a study conducted as part of a project financed from the grant of the 

National Science Centre (NCN) were presented. The aim of this study was to identify the 

opportunities for the development of low-carbon production in the Polish agriculture. 

Empirical research among agricultural producers were conducted over the period from 

November 2017 to March 2018 using a questionnaire method. The spatial extent of the 

analyses conducted under the grant covered entire Poland, while the empirical research 

among farmers was conducted in six randomly selected provinces. The selection was based 

on a localizational research approach based on territorial units. Six provinces were drawn 

for the research, one province from each of the macro-regions in Poland. Random selection 

was also applied to districts in the selected provinces. In each province, 3 districts were 

drawn and the questionnaire surveys were conducted in these districts. The questionnaire 

surveys were carried out in cooperation with the Agricultural Advisory Centers based in the 
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provinces drawn. The author conducted the surveys among 1101 agricultural holdings in 

Poland, including: 

- 180 farmers in Mazowieckie voivodship; 

- 190 farmers in Opolskie voivodship; 

- 183 farmers in Lubelskie voivodship; 

- 180 farmers in Wielkopolskie voivodship; 

- 188 farmers in Ma opolskie voivodship; 

- 180 farmers in Pomorskie voivodship. 

The survey questionnaire concerned many aspects of the low-carbon development, 

while in this study only a fragment of the research concerning agricultural biogas plants is 

presented.  

Agricultural biogas plants in Poland – location. parameters and raw 
materials for production  

The first biogas plant in Poland was launched on 9 June 2005 in the town of 

Paw ówko. As of 1 January 2017, the number of plants entered into the Register3 of 

agricultural biogas producers was 94 (Fig. 1).  

 

Fig. 1. The number of biogas producers and the number of plants in Poland in the period of 2011–2017 

Source: own study based on data obtained from the National Centre for Agricultural Support. 

The largest agricultural biogas producer in Poland is Poldanor S.A. company which 

uses pig liquid manure as the main raw material in its biogas plants. The largest plant for 

production of agricultural biogas belonging to this company is located in Pomorskie 

province, in the commune of Kocza a (the annual capacity of this plant is 9,200,000 m3 of 

agricultural biogas) (Piwowar, Dziku , 2013; Piwowar, 2014). In the period of 2011–2017, 

the amount of agricultural biogas produced increased by 255.1 million m3, while the 

amount of electricity generated from agricultural biogas in this period increased by 534.8 

GWh (Fig. 2). 

                                                 
3 Pursuant to Art. 24, paragraph 1 of the Act of 20 February 2015 on renewable energy sources (Journal of Laws: 

Dz.U. of 2017, item 1148, as amended), the authority responsible for keeping the register of agricultural biogas 

producers is General Director of the National Centre for Agricultural Support. The authority keeping the register 

of energy companies involved in the production of agricultural biogas was earlier the President of the Agricultural 

Market Agency. 
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Fig. 2. Production of agricultural biogas and electricity from agricultural biogas in Poland in the period of 2011-2017 

Source: own study based on data obtained from the National Centre for Agricultural Support. 

As it results from the data presented in Fig. 2, both the amount of agricultural biogas 

produced and the amount of electricity generated from the agricultural biogas 

systematically increased during the analyzed period. Very high rates of growth dynamics 

were observed, the amount of agricultural biogas produced in Poland in 2011–2017 

increased almost eight-fold (the rate of dynamics was 796%), while the amount of energy 

increased over eight-fold (the rate of dynamics was 828%).  

As of 31/12/2016, most plants producing agricultural biogas in Poland were located in 

Zachodniopomorskie province (12 plants), Podlaskie and Warmi sko-Mazurskie provinces 

(10 plants in each), as well as in Pomorskie, Dolno l skie and Wielkopolskie provinces (9 

plants in each). In terms of the total installed capacity, it is worth noting that in addition to 

the above mentioned provinces, also plants located in Lubelskie and Kujawsko-Pomorskie 

provinces are characterized by a relatively high value.  

The basic raw material for the production of biogas in agricultural biogas plants in 

Poland is liquid manure. 266 thousand tons of liquid manure were used for production of 

biomass in 2011, while 807 thousand tons of this raw material were used for this purpose in 

2017. Despite the fact that liquid manure is the most important substrate for production of 

biogas in agricultural biogas plants in Poland, its share in the structure of the total substrate 

consumption decreased from 56.7% in 2011 to 21% in 2017. In the period of 2011–2012, 

the second most important substrate for production of biogas in agricultural biogas plants 

was maize silage (108.9 thousand tones and 241.6 thousand tones were consumed 

respectively, which accounted for 23.2% and 26.3% in the structure of consumption). It is 

worth noting that in the last of the analyzed years, a high consumption of maize silage 

(472.2 thousand tones) did not translate into a high share in the structure of consumption (it 

was only 12.4%). In the analyzed period, there took place a distinct increase in the volume 

of raw materials, such as fruit and vegetable residues, distillers grains with solubles and 

beet pulp, as well as in their share in the consumption structure. Other raw materials are 

also used more and more frequently (the share of the category "other" in the structure of 

consumption in 2017 was 18.9%). They include, inter alia, process sludge from agricultural 

and food industry as well as waste from dairy industry. The literature of the subject often 

emphasizes advantages of the use of the methane digestion process for purposes of rational 

management of production waste from the food industry, including from dairy and distillers 

companies (Michalska, Pazera, Bizukoj , 2013; Jasiulewicz, 2017) and fruit & vegetable 
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processing plants (Szwarc et al., 2015). However it is worth emphasizing that sources of 

substrates for production of agricultural biogas can also be sought in other branches of the 

food industry, including meat industry. 

Prospects for the development of the agricultural biogas market – 
results of empirical studies 

As mentioned above, one of the topics undertaken in empirical studies were 

agricultural practices as part of the management of raw materials and waste from crop 

production for non-food purposes. A relatively large percentage of the respondents (35.8%) 

indicated that the aim of the activities performed as part of crop production is also 

cultivation of plants for energy purposes. Declarations of the respondents in this matter in 

the spatial arrangement of research are presented in Table 1. 

Table 1. Declarations of respondents regarding the use of biomass from field crops and grasslands for energy 

purposes 

Specification 
Yes No I do not know Non-response 

[%] 

Lubelskie voivodship 41.5 49.2 6.6 2.7 

bialski district 55.0 41.7 1.7 1.7 

lubartowski district 46.8 53.2 0.0 0.0 

zamojski district 23.0 52.5 18.0 6.6 

Ma opolskie voivodship 20.2 61.7 11.7 6.4 

gorlicki district 4.4 83.8 2.9 8.8 

proszowicki district 30.0 53.3 15.0 1.7 

tarnowski district 28.3 45.0 18.3 8.3 

Mazowieckie voivodship 27.8 56.7 11.7 3.9 

osicki district 18.3 60.0 15.0 6.7 

makowski district 46.7 41.7 10.0 1.7 

uromi ski district 18.3 68.3 10.0 3.3 

Opolskie voivodship 42.6 40.0 15.3 2.1 

kluczborski district 41.0 44.3 13.1 1.6 

oleski district 52.2 36.2 8.7 2.9 

opolski district 33.3 40.0 25.0 1.7 

Pomorskie voivodship 40.0 43.9 11.7 4.4 

gda ski district 55.0 30.0 6.7 8.3 

kartuski district 11.7 60.0 28.3 0.0 

sztumski district 53.3 41.7 0.0 5.0 

Wielkopolskie voivodship 42.8 35.0 18.9 3.3 

gnie nie ski district 50.0 33.3 8.3 8.3 

koni ski district 35.0 45.0 20.0 0.0 

mi dzychodzki district 43.3 26.7 28.3 1.7 

Total 35.8 47.8 12.6 3.8 

Source: own study based on questionnaire surveys. 
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According to the analyses, a high percentage of farmers declaring production of raw 

materials for energy purposes was recorded in Wielkopolskie, Opolskie, Lubelskie and 

Pomorskie provinces. For example, in Bialski district (Lubelskie province), half of the 

surveyed farmers indicated that they allocated raw materials from field production and 

permanent grasslands for this purpose. It is worth noting that some agricultural biogas 

plants are operated in this district as well as in districts bordering with it (e.g. Parczewski 

district). In turn, a low percentage of positive responses in this subject area was recorded 

among farmers in Ma opolskie province (especially in Gorlicki district) and in 

Mazowieckie province (except for Makowski district). It is interesting that there was a high 

percentage of farmers declaring a lack of knowledge in the investigated subject area. This 

may be associated with a lack of knowledge about the final use of the products sold, e.g. 

straw. Agricultural producers also indicated groups of plants4, the vegetative elements of 

which were used for energy purposes (fig. 3). 

 

Fig. 3. Plant groups intended for energy purposes in the surveyed agricultural holdings 

Source: own study based on questionnaire surveys. 

The basic plants used for energy purposes in the surveyed agricultural holdings were 

cereals. In this group, the respondents indicate post-harvest residues. The energy potential of 

straw was indicated by farmers cultivating wheat, barley, triticale and rye. Waste agricultural 

biomass in the form of poor quality hay is also used as feedstock in agricultural biogas plants. 

In addition, some farmers indicated rye (whole-crop silage and grain meal) as substrate for 

biogas production (especially in Wielkopolskie and Opole provinces). Maize is also among 

plants extremely important in this subject area. Maize silage and straw are particularly 

important for purposes of production of agricultural biogas. A small percentage of farmers 

indicated rape (2% of respondents) and potatoes (1.3% of respondents). In turn, 6.6% of 

respondents indicated other plants (including grasses from field crops, papilionaceous plants 

and their mixtures with grasses, lichen from grasslands, and sugar beets).  

Agricultural biogas in Poland is produced on a relatively small scale in relation to the 

conditions and possibilities of obtaining raw materials. The low degree of utilization of the 

opportunities to produce agricultural biogas results, inter alia, from a low efficiency of the 

system for supporting this activity at the level of agricultural holdings. The profitability can 

be improved not only through investment support at the stage of implementing a project of 
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building and commissioning a production plant, but also through higher sales prices of 

energy. Agricultural biogas plants, in particular micro-plants, are characterized currently by 

a low profitability (Go asa, 2014; Sulewski et al., 2016).  

Lignocellulosic plants are essential for the development of the plant-based biofuel 

market. In the questionnaire there was a question whether in favorable price conditions the 

farmer would like to cultivate energy crops (such as energy willow and Virginia mallow) 

for the needs of biomass-fired boilers or biogas plants. Answers to this question are 

presented in Table 2. 

Table 2. Declarations of the respondents regarding the willingness to cultivate energy crops in favorable economic 

conditions 

Specification 
Yes No I do not know Non-response 

[%] 

Lubelskie voivodship 14.8 78.1 5.5 1.6 

bialski district 13.3 78.3 5.0 3.3 

lubartowski district 19.4 80.6 0.0 0.0 

zamojski district 11.5 75.4 11.5 1.6 

Ma opolskie voivodship 7.4 78.7 7.4 6.4 

gorlicki district 4.4 85.3 1.5 8.8 

proszowicki district 8.3 81.7 6.7 3.3 

tarnowski district 10.0 68.3 15.0 6.7 

Mazowieckie voivodship 8.3 83.3 6.7 1.7 

osicki district 10.0 83.3 3.3 3.3 

makowski district 3.3 85.0 10.0 1.7 

uromi ski district 11.7 81.7 6.7 0.0 

Opolskie voivodship 3.7 85.8 10.5 0.0 

kluczborski district 4.9 78.7 16.4 0.0 

oleski district 0.0 89.9 10.1 0.0 

opolski district 6.7 88.3 5.0 0.0 

Pomorskie voivodship 8.3 76.7 13.9 1.1 

gda ski district 3.3 88.3 5.0 3.3 

kartuski district 6.7 63.3 30.0 0.0 

sztumski district 15.0 78.3 6.7 0.0 

Wielkopolskie voivodship 14.4 74.4 10.6 0.6 

gnie nie ski district 10.0 80.0 10.0 0.0 

koni ski district 23.3 71.7 5.0 0.0 

mi dzychodzki district 10.0 71.7 16.7 1.7 

Total 9.4 79.6 9.1 1.9 

Source: own study based on questionnaire surveys. 

As it appears from the analyses, farmers declared a low level of interest in cultivation 

of energy crops – even in favorable economic conditions. In total, 9.4% of the respondents 

declared that they wanted to grow such plants. In the spatial arrangement of research, the 

highest percentage of positive responses was recorded in Lubelskie province (14.8% of 

respondents) and in Wielkopolskie province (14.4% of respondents). For comparison, in 

Opolskie province, only 3.7% of the respondents declared their interest in cultivation of 

energy crops in favorable economic conditions. 
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Summary 

Agricultural biogas plants constitute an area of special importance in the agribusiness. 

In this area, alternative production is combined with a possibility of additional income for 

farmers and limitation of the negative impact on the natural environment. Agricultural 

biogas plants can be treated as an important form of progress in the agribusiness. 

Continuation of the technological and technical evolution based on a closed cycle of the 

circulation of organic components. Agricultural biogas plants help reducing the emissions 

of greenhouse gases generated by agriculture and the agri-food industry. Despite the 

development of the market of agricultural biogas plants in Poland in the period of 2011–

2017, the number of plants producing agricultural biogas and the scale of their operation are 

still relatively low as compared with the production potential. However it is worth 

emphasizing that in the structure of consumption of substrates for production of agricultural 

biogas in Poland there is a significant increase in the share of residues from the industrial 

processing of agricultural raw materials in the agri-food industry. An analysis of the 

secondary data and the questionnaire survey data showed that the agricultural biogas 

market in Poland was strongly differentiated between regions, both in terms of the number 

of plants and raw materials used for production.  

Agricultural activity, like any other economic activity, may have a negative impact on 

the environment. From the viewpoint of the development of low-carbon agricultural 

economy it is important to reduce this adverse impact and to minimize undesirable effects. 

Greenhouse gas emissions are among the most serious environmental threats resulting from 

the agricultural activity. One of main problems in the aspect of environmental protection is 

intensive animal production which results in generation of large amounts of feces, while the 

possibilities of their "green" utilization are limited. In view of the above, the development 

of agricultural biogas plants, in which the feedstock (e.g. liquid manure) is transformed into 

bioenergy, is of particular importance. The biomass from field crops and grasslands can 

also be used in agricultural biogas plants. The questionnaire surveys show that the highest 

percentage of farmers declaring the allocation of plant feedstock for the needs of 

agricultural biogas plants was in Wielkopolskie, Opolskie, Lubelskie and Pomorskie 

provinces. At the same time, the number of farmers interested in cultivation of energy 

crops, even in economic conditions favorable for this type of crop production, was low. 

This may result from the need to purchase appropriated technical equipment for the 

cultivation and nurturing, as well as from the problems in the scope of the biomass 

transport and storage logistics. Knowledge about energy crops technology is also necessary, 

which causes an increase in the educational needs of farmers in this subject area. 
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