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Abstract

:

Analyses of statistical data were made and their results discussed in this article to identify the level of Poland’s energy security and to determine the role of agriculture in ensuring it. It has been demonstrated that coal continues to be the staple resource for the generation of energy in Poland. The current demands and requirements concerning the reduced consumption of non-renewable resources and Poland’s obligations towards the European Union regarding the production of energy from renewable resources—all these considerations contribute to the promotion of a skillful development of energy crop farming, which, in Poland, is likely to be very successful. Agriculture plays an important role in ensuring Poland’s energy security, and this branch of farming can grow dynamically provided adequate legal regulations and promotion are in place. The chief resource for renewable energy generation is biomass. Straw and biogas production in agricultural biogas plants are two solutions whose full energy production potential still awaits to be tapped.
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1. Introduction


The economy needs the essential supply of basic production factors, such as tangible and financial assets, demographic resources, technologies, and organization, as well as energy resources, all of which, in various structural configurations, have determined the economic development so far, and will continue to do so in the future. The selection of the mentioned factors and their mutual proportions depend on the demands of the economy and the associated social expectations. This relationship can be disturbed by certain barriers, such as the scarcity of resources or their spatial distribution not being compatible with the demand [1,2].



Until the 1970s, energy was obtained expansively. Unlimited non-renewable resources were used. As a result of the oil crises in 1973 and 1979–1982, there was a change in thinking about the energy sector. By convention, these events got people talking about the transformation of modern energy, the assumptions of which concerned not only the security of energy supplies (energy security), but also sustainable development. This energy transformation led to a radical change in the previously existing energy system towards a new paradigm of energy production and consumption.



Energy security is a term that has not been clearly defined, making it difficult to measure energy security and to balance its attainment against other policy objectives [3].



The range of energy security has also expanded. There is an increasing emphasis on aspects such as environmental sustainability and energy efficiency. Significant discrepancies in research are observed in how energy security indexes are framed and constructed [4]. Overall, the concept of energy security is closely related to the policy of sustainable growth, economic factors, the development of energy supply markets, and socio-economic changes in transport and information technologies.



Definitions of energy security emphasize the availability of energy at any time, in different forms, in sufficient amounts, and at relatively low (affordable) prices. Energy security has an internal (balancing the demand and supply of energy, taking into account the environment, consumers, and political as well as economic considerations) and external dimension (meeting the domestic demand for energy, which exceeds the state’s energy production) [5].



Energy security is internal (balancing supply and demand, taking into account the environment, consumers, and political and economic requirements) as well as external (covering domestic needs that exceed production). In the short term, energy security refers to the ability of the energy system to react quickly to sudden changes in the supply and demand balance. In the long term, energy security concerns timely investments to ensure energy supplies are in line with economic developments and environmental protection needs [6].



In defining energy security, several approaches can be distinguished, among which, an important place is occupied by the following: political and strategic (also known as geopolitical), and economic. From the geopolitical perspective, attention is drawn to the fact that energy security is a subsystem of national security and should be analyzed both from a political and economic point of view. From an economic point of view, the threats related to the shortage of fuels and interruptions in energy supply are emphasized [7].



Threats to energy security are divided into [1]:




	−

	
physical, e.g., temporary or permanent cuts in energy supply from one source or in one region;




	−

	
economic, e.g., the dependence of supplies on energy prices;




	−

	
others, such as high environmental requirements, which have a significant influence on production, supplies and consumption of crude oil to cite an example.









The event known as the ‘Peak-Oil’ corresponds to a decline in the world’s oil production. This causes price increases and even armed conflicts, which is why some governments fear whether they can ensure the energy security of their states. It is widely believed that the era of cheap energy is long past [8].



Many experts in the global energy industry are increasingly often reporting the geopolitical risk associated with a possible disruption in the world’s energy balance, while the developing civilization contributes to a surging demand for energy. If economic growth continues to be forced on the current level, then it is estimated that the global demand for primary energy will increase by 55% by 2030. Meanwhile, stocks of fossil fuels are being drastically depleted, and the use of these energy sources is restricted due to ecological considerations. Should the current energy consumption be maintained, non-renewable energy sources could be depleted as soon as the year 2040. This explains why so much emphasis is placed on the development of renewable energy sources (RES), which diminish the reliance on crude oil and the emission of greenhouse gases [9,10,11].



It is very important for countries and economic and political groups to strive for energy security. Dependence on the supply of energy resources, combined with the risk of rapid increases in their prices, encourages actions to minimize the risks associated with energy supply. This is facilitated by appropriate and effective security policies, economic alliances, or the creation of transnational common energy markets.



Central and Eastern Europe has been and still is highly dependent on Russian supplies of oil and natural gas (about 90% of Russian natural gas goes to Europe). Russia has long built its international position on the basis of its vast raw material and energy potential. Many of the most recognizable Russian companies on foreign markets are oil companies. Invariably since the 1950s, the European gas market has been a priority in Russia’s foreign energy policy.



In its previous economic and political system, the former Soviet Union had had the greatest influence in the region; thus, the individual countries of Central and Eastern Europe took actions, including cooperation, which would allow them to diversify fuel supplies, as well as to obtain energy from their own sources. An example of this is the region’s largest hydropower project (the Iron Gates), built between 1964 and 1972 in Romania and Yugoslavia [12]. Nowadays, there is also an increasing number of different types of activities that contribute to increasing the efficiency of energy use and moving away from energy-intensive production.



The EU’s current energy policy, according to which the policies of all EU member states must adhere, concerns both the development of a common energy market and the protection of the natural environment, taxes, trade, and competition. The creation of an internal energy market is carried out indirectly via the harmonization of the law in the member states, and directly through the liberalization of national energy markets. Transparent energy prices have been set up and large grids for the transmission of natural gas and electric power have been made accessible [13]. Energy security is a priority target in Poland. For Poland, the most important issue in this regard is to cover the growing demand for fuels and energy associated with the predicted economic growth while ensuring continuous energy supplies. Other important goals are the maintenance of a high indicator of energy independence, diversification of the energy mix, and diversification of the directions of imported fuel supplies. The latter concerns both crude oil and natural gas. It will be necessary to expand the electric power generation capacity in order to meet the growing demand for electric power. Another important plan in terms of ensuring stable supplies of electric power and diversifying energy sources is to implement nuclear power generation in Poland by the year 2033. Considering the availability of domestic deposits of coal and lignite, the national excavation of coal is projected to maintain a level that will allow the energy sector to meet the demand. The share of coal in electric power generation, however, will be gradually decreased. In 2030, it will decline to 56–60% and the decreasing trend will continue until 2040 [14].



Mineral resources, including fossil fuels, have long been the main source of energy, first in the form of heat and later as electric power. However, as the mining deposits are being drastically depleted, the goal to develop efficient methods to acquire energy from renewable resources, such as biomass, sun, wind, water, or the earth’s thermal resources, is gaining prominence. Given the widespread availability of biomass, which can be obtained as a by-product of many industrial and agricultural processes, it is a renewable energy source with a high growth potential [9,15,16].



Biomass is any organic matter, including biodegradable waste. It is a relatively easy to obtain, natural, and ecological substance that is classified as a renewable energy source. Biomass is also a fuel that is safe for the environment. The use of biomass also contributes to the utilization of waste [17,18,19,20,21,22,23].



The Polish energy sector relies heavily on coal and lignite (in 2019, their total share constituted 80% of all energy carriers used in Poland). As a result, large quantities of air pollutants are generated [24]. Generation of renewable energy is based mainly on biofuels (ca. 80%). Wind power has a relatively large share (ca. 12%). Much less energy is produced from water (around 2%), biogas (around 3%), and solar power (ca. 0.6%). Trace amounts are obtained from the incineration of municipal waste, heat pumps, and geothermal springs [11].



In compliance with the guidelines of the Polish Energy Policy until 2030 [25], the following are indicated as policy targets: improved energy efficiency, increased security of the supplies of fuels and energy, diversification of the structure of electric power generation via the implementation of nuclear power, development in the use of renewable energy sources RES (including biofuels), development of competitive markets of fuels and energy, as well as reduced impact of the energy sector on the environment.



Supporting the sustainable use of renewable energy sources is emphasized [26]. Among the positive developments to be gained from RES, improved energy security through the diversification of sources of energy is mentioned. In Poland, renewable energy sources can make an important contribution to a better supply of energy in these parts of the country where the energy transmission grid is less developed. Potentially, the biggest RES energy consumer is agriculture, followed by residential housing and transport. Taking measures in line with the adopted energy policy will improve Poland’s energy security and decrease the adverse influence of the energy sector on the natural environment.



Agriculture plays various functions. Some are inherent to this sector of economy, but the way they are performed may change (production of raw resources and foods), while others can be important only at certain stages in the economic growth (e.g., supply non-agricultural sectors with financial and labor capital) [27].



The popularity of the multifunctionality of agriculture is due to the awareness spreading in the society, strengthened by scientific research, that agriculture is not only a supplier of the most important products for human existence, food, but also a producer of goods and services that are not priced on the market but are of great importance to humans and the environment. The classification of the most important functions of agriculture is presented in Table 1.



Agriculture is now gaining an increasingly important role in ensuring both food and energy security. The changes observed nowadays in farming are already referred to as ‘a revolution’, and their main drive is the advancement in production technologies, as well as the use of agricultural products for energy purposes. A new branch of agriculture, called energy agriculture, is growing very dynamically [27].



The agricultural sector can play an important role in the transformation of the energy economy in Poland because farming and rural areas in this country are a pool of renewable energy sources (RES) with a promising prospect for further development [29].



Photovoltaic and wind farms can develop in parallel to biogas production [30]. The current situation enables Poland to become more independent from imported energy supplies (mainly natural gas imported from the Russian Federation), to achieve diversification of sources of energy, and to create conditions for the development of dispersed energy generation based on locally available raw materials. These are particularly important steps on the path to reaching the national energy policy’s goals [31].



The authors of the manuscript agree that the development of renewable energy generation will make it possible to solve the most urgent problems, such as how to improve the reliability of energy supplies and save organic fuels; to supply local communities with energy; to improve the quality of living and the employment rate of local populations; to ensure sustainable growth; and to fulfill the country’s obligations concerning the protection of nature. Acquisition of renewable energy in a decentralized system is one of the options for satisfying the demand for energy in rural areas and on a small scale, so that energy deliveries are reliable, affordable, and environmentally sustainable [32].



The main aim of this study and the analyses therein has been to identify the situation of Poland in terms of energy supplies and energy security on the national scale, as well as the role of agriculture in ensuring energy security.



Detailed aims focused on:




	−

	
defining the importance of renewable energy sources in the context of the growing demand for energy,




	−

	
indication of the functions of agriculture, with particular emphasis on those related to ensuring energy security




	−

	
specifying sources and ascertaining the possibility of obtaining biomass for energy purposes in Poland,




	−

	
presenting forecasts of demand for primary and renewable energy in Poland and the demand for rapeseed and cereal grains for bioethanol production for energy,




	−

	
submitting of case studies on the directions of use in Poland of different types of biomass (e.g., straw, substrate for biogas plants) and other opportunities to develop renewable energy sources in rural areas.









The achievement of these objectives will allow for systematizing and enriching the existing knowledge on the importance of the place of agriculture in ensuring Polish energy security.




2. Materials and Methods


Based on statistical data obtained from the Agricultural Market Agency/National Agricultural Support Center (data on the number of biogas plants and the amount of energy produced, quantitative agricultural use for biogas production), Central Statistical Office (crops of plants used for biofuel production—rapeseed, cereals), and from the Register of Agricultural Biogas Producers (data concerning the activity of agricultural biogas producers) and taking into consideration Poland’s energy policy provisions and the obligations towards the European Union, as well as the National Index Target (specifies the minimum share of bio-components and other renewable fuels consumed in all types of transport in the overall volume of liquid fuels and liquid biofuels consumed during a calendar year in road and rail transport, calculated according to calorific value), estimates were made to assess the demand for primary and renewable energy in Poland, as well as the demand for canola seeds and cereal grains to produce bioethanol for energy (the demand for this raw material and the needed acreage of fields).



The time scope of the research was 2010–2030. It was mainly determined by the availability of data. The analyses used indicators of structure and dynamics. References were made to the estimates found in the literature concerning the potential production of biomass in Poland. In order to demonstrate the purposefulness, originality, and a new approach to the problem identified and undertaken for research, the method of analysis and criticism of the literature (sources) was used as standard in the first stage of scientific cognition [33]. The manuscript uses the monographic method (allowing for inquiry regarding the essence of the phenomenon, taking into account, first of all, information in the qualitative form about individual types of renewable energy sources from agriculture) and case studies [34,35,36] (a method used to study a specific phenomenon or related process, usually not typical, to which individual types of RES in rural areas—including: biomass (straw, agricultural gas), photovoltaics, and wind power), as well as tabular-descriptive and graphic forms of data presentation.




3. Results and Discussion


3.1. Functions of Agriculture


Agriculture is a complex system, where environmental, economic, cultural, and also political aspects are at play. It is the oldest known form of man’s continuous economic activity, which is characterized by constantly evolving multifunctionality. Traditional agriculture was an exceptionally multi-faceted endeavor, having a strong impact on the life of the countryside, the whole economy, and society. The multifunctionality of contemporary agriculture, first and foremost, serves to satisfy important social needs connected with the natural environment, culture, economy, and society. Without any doubt, the principal and most important function of agriculture is production. Other functions arise from the fact that it also produces non-market goods and services [37].



In a narrower approach, the multifunctionality of agriculture concerns the non-food use of agricultural products. This view is associated with the search for other areas where the production function can be used, and, in a certain sense, is the development of the industrial agriculture model, which enables farmers to diversify sources of revenues. At the same time, it ensures food security, as it creates a buffer by maintaining resources in their productive application and allocating surplus agricultural production to non-food uses [38,39].



Czudec et al. [40] divided functions of agriculture into ‘old’ ones (performed for centuries) and ‘new’ ones (which have emerged in recent years). The old functions include food production, the production of raw materials for the food processing industry, and the production of non-food raw materials. The importance of each of these functions has been changing alongside the development of economy; until nowadays, agriculture has turned out to mostly be a producer of raw materials for different branches of industry, while its function as a producer of final food products, which used to be the principal role, now has a relatively small share in the total agricultural production output. Meanwhile, new functions are emerging, such as the protection of the natural environment and biodiversity and the enrichment of landscape values, etc. Production of biomass for energy purposes is another example of a new function of agriculture with an important role to play [41].



Poland possesses substantial potential for the production of solid biomass, also originating from agriculture. Estimates by Igliński et al. [42] suggest that biomass-based energy can be obtained from the following sources:




	−

	
generation of energy from surplus straw (92.1 PJ/year if 30% of the resource is used)




	−

	
generation of energy from hay harvested from meadows and pastures laid aside (25 PJ/year at 15%)




	−

	
generation of energy from waste wood from forests (87.8 PJ/year at 40%)




	−

	
generation of energy from waste wood from orchards (10.9 PJ/year at 30%)




	−

	
generation of energy from waste wood from roadsides (3 PJ/year at 1.5 m3/km/year—2 PJ/year),




	−

	
generation of energy from willow (3803 TJ) and miscanthus (3 650 TJ) if 20% of agricultural wasteland and 50% of fallow land are used.









By using the biomass grown and harvested on energy crop plantations set up on lands unsuitable for agricultural production and biomass from waste, it will be possible to substantially increase the share of RES in the structure of electric and heat energy production.



The need to develop new functions of agriculture has been noticed and appreciated as a result of the growing environmental threats due to excessive use of natural resources, including basic energy resources (crude oil, coal, natural gas). Deposits of non-renewable energy sources are being depleted and the rapidly growing consumption of energy year after year causes an increasingly large emission of pollutants to the environment [40].




3.2. Renewable Energy Sources in the Context of the Growing Demand for Energy


For economy to grow, it is necessary to provide a constant supply of energy, the demand for which is growing more and more rapidly [43]. Definitions of energy security encompass three major aspects of security: energy-related, economic (market), and ecological. The aspect connected with energy concerns a balance between the demand and the supply of energy, as well as technical issues including the technical infrastructure and its management. Keeping a country’s energy balance entails the ongoing and prospective adjustment of the energy supply to the predicted demand for energy and fuels. Economic and ecological aspects need to be taken into consideration, as well as the capacity to shape the demand without compromising consumers’ needs in terms of energy consumption. All energy security definitions emphasize the aspect of environmental protection, hence the need to take into account the role of RES in ensuring energy security. One of the priorities in the development of the energy sector in the near future is to increase the use of renewable energy sources. A greater share of RES in the fuel and energy balance contributes to the improved efficiency of using and saving fossil deposits of energy resources, a better condition of the environment owing to the reduced emissions of pollutants, and decreased total amounts of generated waste [27].



From a longer-term perspective, energy agriculture can ensure that the Polish countryside will be involved in one of the largest innovation areas in the economy. It is estimated that the growth of distributed energy generation (biogas plants and cogeneration systems) in rural municipalities can attract commercial investments to rural areas. This will permanently transform the countryside into an essential player in the electric power and heat generation sector. Energy agriculture, in its part, being the base of raw materials for the industry producing biofuels will enable the residents of rural areas to participate in the benefits arising from a change in the structure of the market of fuels for transportation. Energy agriculture will foster the profitability of production when the sales market expands to cover the two large and crucial markets of food and energy. It is also possible that a strong impulse will appear in the years to follow to develop innovative technologies in agriculture, energy generation and distribution, and in ecology [27].



In most countries around the world, biomass is thought to be a low-emission source of renewable energy. There are many strategies concerning renewable energy with the inclusion of available biomass supplies [44,45,46]. However, global bioenergy markets can have an impact on the stocks of local food, food processing raw materials, and feeds [47]. Agricultural biomass, as one of the major renewable energy resources, is considered to be the source of the highest energy potential. Depending on the degree to which it is processed, biomass can be divided into primary (annual and perennial energy crops, surplus grass from grasslands not used for animal production) and secondary (waste and by-products from agricultural production and food processing industry, liquid and solid animal excreta, organic waste from the agricultural and food processing industry, e.g., dairy wastewater, slaughter waste, distilleries, glycerine, etc.). The importance of agricultural biomass in the development of bioenergy cannot be negated, although there are some discrepancies among the estimates of its potential [5,48,49].



The European Union holds the view that, in order to reduce CO2 emissions more successfully, it is necessary to invest in second-generation biofuels (obtained by processing lignocellulosic raw materials) [50]. The essence of second-generation biofuels lies in the use of waste raw materials, unsuitable for food production. Equally important is their higher quality in comparison with the first-generation of biofuels (produced from food raw materials), which makes them more acceptable by the motor industry and vehicle users. However, the industrial-scale technologies for second-generation biofuel manufacture have not been developed in a completely satisfying way.



As an EU member state, Poland is expected to fulfil its obligations towards this economic organization. Hence, it implements a number of regulations regarding the measures taken under the European common energy policy (e.g., Poland’s energy policy until 2030). While undertaking the elaboration of the legal framework and action plans in order to develop the biofuel market in the EU, an assumption was made to dedicate no more than 10 million ha of arable lands in the European Union (slightly over 7% of all arable land in the EU countries) for the production of biofuels. It is estimated that attaining compliance with the EU and national legal regulations regarding the share of energy from renewable sources in Poland would require allocating a total of 1.7–2.0 million ha of land by the year 2020 for the production of crops used for fuel substitution purposes. This acreage would comprise around 500 thousand ha of soils good enough to grow canola processed to esters, ca. 600 thousand ha of arable land for the cultivation of crops processed to bioethanol, and around 500 thousand of ha under permanent plantations of perennial crops harvested for solid biofuels. In addition, some 300–4000 thousand ha should be dedicated to producing feedstocks for biogas plants, where some of the demand would have to be satisfied with grasses from permanent grasslands. Using raw materials derived from agricultural production for energy purposes creates new challenges to farmers, which often require system solutions. Meanwhile, this option for using agricultural crops stimulates moderate and rational intensification of production and optimization of land use, and is therefore one of the contributing factors to a rational management of the soil resources in Poland [51].



According to the European Union and national obligations, the forecast increase in the demand for primary energy until the year 2030 in Poland will reach ca. 27% relative to that in 2010. The share of energy from renewable sources in the total primary energy consumption will rise from ca. 6.8% in 2010 to 12.4% in 2025 and 2030 (Table 2).



The acreage cropped with plants suitable for bioethanol production (starch and sugar products: cereal grains, potato, maize, sugar beet) depends on environmental factors and organization, as production of these raw materials must adhere to the sustainable development criteria [17], but the major constraint could be economic considerations; as such, plantations should be set up mainly on poorer soils, where lower yields are obtained, and therefore costs of bioethanol production are high. Production of methyl esters and fatty acids (biodiesel) encounters similar difficulties. The predicted increase in the demand for esters of higher fatty acids and bioethanol, and consequently the land for growing the necessary raw materials (data presented in Table 3), implies that 1.93 million ha of farmland needs to be secured in 2021 for the production of esters. The domestic demand for canola seeds needs to take into account the acreage of farmland cropped with this plant for food processing needs (around 450,000 ha). Our analysis of the data suggests that, in 2021, over 1.4 million tons of grain will have to be processed into bioethanol. It is difficult to estimate precisely the area of farmland needed to produce so much grain, for example, because different species of cereals can be grown or some bioethanol can be imported [5,27,37].



To increase the volume of plant production for energy purposes in Poland, it is suggested to crop fallow and set-aside land (i.e., around 180,000 ha), the share of which varies among the Polish provinces. However, the question of the suitability of worse quality land for the production of energy crops is more complex. Some economic barriers may occur, such as the unprofitability of the production of energy crops on soils classified as worse agricultural complexes. Some of the set-aside farmland in Poland can be used for growing Jerusalem artichoke, a plant with relatively more modest environmental requirements. Biomass from this plant can be dedicated to energy purposes (e.g., for the production of bioethanol; as feedstock for biogas plants, preferably after ensiling; or for briquette and pellet production) [37].



Biomass is a typical local fuel and should be used locally by individual consumers. Using biomass stocks for energy purposes depends on many factors, such as economic incentives or the development of technologies. Until recently, there were no mechanisms in Poland linking the demand for agricultural biomass with agriculture’s production capacities, and the inconsistency of measures taken arose from the lack of a strategy. However, the question of agricultural biomass was raised in the strategy of sustainable development of the countryside, agriculture, and fisheries for the years 2012–2020 [53].



Another agricultural produce that can be used for energy purposes is straw (ripe or dry stalks of cereal plants, or the dry stems of legumes, flax, or canola). Straw is one of the most important solid biofuels in Poland, and can play an essential role in providing energy in rural areas. There are surplus amounts of this material relative to its potential use for agricultural purposes. Straw-fed small and medium-capacity heating plants can supply energy to individual farmsteads, but also to residential housing estates, schools, municipal office buildings, hotels, etc. [5].



Poland has large stocks of straw because the staple crops grown in this country are cereals and canola. Jarosz [54] estimated the theoretical straw potential quantity at 32 million tons, of which 12,959 thousand tons is the surplus which could be dedicated to energy purposes. In turn, Madej [55] reported the volume of harvested straw in 2020 and made a prediction for 2030. The calculations he presented reveal that the stocks of straw in 2020 will reach 30,553 tons, to increase to 30.86 million tons in 2030. Once the straw needed for animal feeds, litter, being ploughed into soil, and being used as a substrate for mushrooms is deducted, there will be 13,138 thousand tons in 2020 and 14,322 thousand tons in 2030 available for energy purposes.



Based on developed panel models, Gradziuk and co-authors [56] made an attempt to forecast straw surpluses in Poland according to three scenarios: realistic, pessimistic, and optimistic. The predictions implicate that regional differences will continue to exist until 2030. Each of the three analyses suggest a slow increase in straw surplus amounts that will range from 10.6 to 21.9%, depending on the scenario. However, the major problem is the actual availability of straw surplus quantities. The area structure of farms in Poland is an obstacle in this matter (small farms prevail). In the areas with such fragmented area structure, transport of straw is unprofitable. The prevalence of small farms largely limits the use of high-performance straw harvesting presses and affects the potential success of raw material supplies (management of harvests, storage and transport). Potential suppliers of straw for the biofuel sector should be searched for in regions with substantial straw surplus production, exceeding the quantities needed by agriculture until at least the year 2030, and with a suitable area structure of farms (a considerable number of large farms, over 50 ha in area). Three regions meet these criteria: southeastern (comprising the eastern part of the provinces of Lubelskie and Podkarpackie), southwestern (Dolnośląskie and Opolskie), and northwestern (the provinces of Pomorskie and Zachodniopomorskie).



This, however, does not exclude the possibility of using straw for energy purposes on a local scale (a municipality or a district) in these and other regions. Nevertheless, micro-scale calculations will be needed to define the demand for straw for agricultural purposes more accurately, while taking into consideration different methods of animal housing (with or without litter) and feeding (concentrates or bulk feeds).



While straw is popular renewable energy raw material, it is extremely difficult to accurately determine the balance of straw on a macro-scale (a country, a province) because agricultural production in such large administrative units tends to be concentrated in certain regions. More reliable data are available for smaller administrative entities (municipalities, districts) or even for large-area farms. Such estimates have already been made by scholars [5].



Solid biofuels are also manufactured from grains of different species of cereals, of which oats deserve special attention. Studies conducted by Mółka and Łapczyńska-Kordon [57] and Żabiński et al. [58] show that oat grains have high calorific value and contain very little ash. Moreover, the modest soil and climatic requirements mean that oats gain a considerable advantage over other cereal species.



To meet the growing demand for biomass, it will be necessary to harvest some from dedicated plantations of perennial plant species. Several species could be used for biomass production, but, in practice, their choice will depend on habitat conditions, the costs of acquiring plant material for propagation, the equipment owned by a given farm, and the way biomass is to be processed. The most important species are: miscanthus, willow, Virginia fanpetals, reed canary grass, Sakhalin knotweed, and Jerusalem artichoke [59]. However, due to the shortage of biomass from targeted plantations, it is predicted that increasing amounts of straw will be used for energy generation.



There are many reasons why biomass can reduce oil-based energy sources’ share of total energy production [18]. An important feature of biomass is the possibility after partial processing to change into heat; gaseous, liquid, and solid fuels; and many other chemical products [60,61]. Biomass energy can reduce the consumption of non-renewable energy sources [62]. It can have a positive impact on the economy, environment, society, and energy security [63].



On the other hand, the major barriers to the development of agricultural biomass production include high production costs, long production cycle, and an inadequate level of relevant research. Institutional barriers are mostly the lack of sufficient information, as well as the unsuited organization of the distributed renewable energy sector, which entails the necessity to coordinate actions taken by different sectors and market participants and the need to improve a cohesive policy in this scope.



The impact of biofuels (especially the first-generation ones, such as bioethanol and biodiesel) on the natural environment, food security, and water availability has long been a controversial issue [64,65,66]. The fact that increasingly more farmland is dedicated to liquid fuel production raises a risk that the food market might suffer, and, consequently, both food and energy prices may rise. The greater demand for land to produce biofuels can also stimulate an increase in prices for agricultural land, which will translate to higher costs of food production.



The more widespread use of distributed, low-capacity local energy plants, producing energy locally and supplying it directly to farms, is another development contributing to energy security. Here, the most useful are renewable energy installations such as biomass boilers, biogas micro-plants, small wind mills, and solar panels. The use of these technologies in agriculture allows farmers to decrease the amounts and costs of purchased energy, as some will be generated on the farm, bringing about measurable financial benefits. It can also help to reduce the noxiousness of agricultural production by using animal or plant production waste, e.g., liquid slurry, for energy purposes. The rational use of these sources means benefits for both a farm and the whole agricultural sector. When farms use energy from renewable sources, they can replace non-renewable resources, which are both increasingly less available and more expensive to farmers, such as hard coal or coke to produce electric power or heat rooms and water; or liquid fuels, e.g., natural gas, liquefied gas, diesel oil, or heating oil used to run combustion engines or for heating. Relations between prices for conventional energy carriers versus energy from RES, as well as the difficulties the conventional energy sector encounters in its efforts to ensure energy security create a chance for the development of renewable energy technologies, which are the most profitable ones at the moment [67].



One of the most prospective directions in the energy use of biomass is believed to be the production of agricultural gas. A biogas plant is an installation which serves specifically to produce biogas from plant biomass, animal waste, or organic waste (e.g., from the food processing industry). Unfortunately, this direction in biomass energy conversion is not popular enough in Poland. A small share of agricultural gas obtained follows from a small number of working biogas plants. The data contained in the Register of Agricultural Biogas Producers, as of 2 January 2021, suggest that there are only 93 registered producers who, in total, own 104 agricultural biogas plants. The annual capacity of all agricultural gas producing installations is 439,293,867.800 m3/year, and the total installed electric power is 108.458 MWe [68]. This state of matters is associated with both the existing barriers to building agricultural biogas plants (e.g., economic, legal, and technological obstacles) and the availability of raw materials.



The data in Figure 1 show that in the years 2011–2019, the number of agricultural biogas plants in Poland increased. The dynamics of their formation were characterized by a downward trend. In 2019, the trend was reversed.



The analysis of the data contained in Figure 2 showed that, in the years 2011–2019, the amount of biogas produced and the amount of energy produced by agricultural biogas plants in Poland increased. In 2019, compared to 2011, the amount of biogas produced increased by 269.8 million tons, and the amount of energy produced by biogas plants by 572.9 GWh (Figure 2). However, this state of affairs is not satisfactory. In this regard, the potential in Poland is not well used.



Fermentation of biomass to methane is one of the most efficient lignocellulosic biomass conversion methods. The suitability of biomass for biogas production depends on the yield efficiency per area unit, energy efficiency per biomass unit, and rate of conversion of biomass to gas fuel. In Poland, anaerobic digestion of agricultural biomass generates 13–32% of biogas produced [69,70]. Biogas plants should operate for at least 8000 h a year. Biomass is produced only during the plant growing season, and its composition varies depending on the physiological process that occur in plants during their growth and development.



Maize silage is now the main plant feedstock used to produce biogas in agricultural biogas plants. Maize is popular raw resource for making biogas because it is grown extensively, has relatively high biomass yield per hectare, is highly suitable for ensiling, and gives a high rate of biomass to biogas conversion. However, the greatest advantage of maize silage compared to other substrates is that it ensures the stable production of biogas and methane, which largely facilitates the dosing of a substrate to a digestion chamber and stabilizes the operation of this cogeneration unit [71].



Costs of acquiring the raw material, as well as the competitive use of maize for food and feeds, encourage the search for alternative types of biomass, plant waste, or waste from the food processing industry to use in anaerobic fermentation processes run in agricultural biogas plants.



Biogas plants can make a very good contribution to the national energy generation capacity, especially as the theoretical potential yield has been estimated at 5 billion m3 of biogas per year, whereas the actual potential output based on by-products from agriculture and food processing is said to be around 1.7 billion m3 of biogas per year. Such quantities of biogas, after refining, could cover around 10% of the demand for gas, or totally satisfy the demand for gas in rural areas [72]. Large-scale biogas production can translate to the country’s improved energy security or lower gas deficit and—in the more distant future—it may enable the country to become independent from imported gas and to fulfil its obligations towards the European Union regarding the generation of energy from RES.



Among all renewable energy sources, biogas plants are thought to be most efficient installations. Assuming the use of the same capacity energy generators, a biogas plant can generate three times more energy than a wind farm in a year. Biogas plants can produce energy all year round, in contrast to other RES (e.g., wind farms, which depend on vertical flows of air).



Agricultural biogas plants let farmers satisfy their own demand for energy and sell possible surplus energy to the energy grid. In addition, the digestate can be re-used for soil fertilization. Agricultural biogas plants can stimulate the economy, help to ensure the country’s energy security, and create a new opportunity for farmers, especially when facing possibly limited support for agricultural production from the Common Agricultural Policy. As well as helping to decrease environmental pollution, the construction of biogas plants is of the utmost importance for the diversification and increase of incomes from farms [27].



Piwowar [31] provides the information that 88 new installations for agricultural biogas production were built in 2011–2018. In the same time period, the amount of produced biogas increased by 266.918 billion m3. Between 2011 and 2018, a total of 18,600,441 Mg of raw materials was used to supply biogas plants, of which, liquid slurry made up around 25% (4,583,524 Mg). Production of agricultural biogas in Poland is still in its early phase and is characterized by dynamic changes (e.g., the number of installation, amounts of consumed raw materials, changes in the structure of used substrates, etc.). The development of the biogas market in Poland is strictly connected with the legal and economic conditions as well as administrative decisions concerning the location of biogas plants or financial support for investment projects or the maintenance (production) of operating facilities. Agricultural biogas plants are an essential element in the evolution of the Polish energy market towards the decentralized (distributed) model.



Other than the production of biomass and biogas, rural areas with suitable wind patterns can also be chosen as location for devices converting the kinetic energy of wind to electricity. Wind energy generation is now the leader of ‘green’ technologies. In terms of its market share, it is far ahead of other renewable energy sources and is also a more rapidly developing technology (e.g., in comparison with hydroenergy generation or biomass used for energy purposes). Thus, it is the leading and prospective technology in the struggle against global warming.



There is a potential in rural areas of Poland to install several thousand small wind turbines on agricultural farms. This could significantly support the national plans to satisfy Poland’s international obligations regarding the reduction of CO2 emissions and the combustion of fossil fuels in commercial energy generation plants. It could also bring about many benefits to society, for example, creating conditions for the industrial manufacture of elements needed for the construction of small wind turbines, greater interest in the issues of using renewable energy sources in the countryside, the development of relevant research, and the construction and research work in the scope of building small wind turbines and farms. According to Turowski and Nowowiejski [73], by installing a wind turbine, a farmer can reduce the cost of buying electric power by 50%, and a farm can increase its general profitability by selling the surplus electric energy to an energy distributor.



The development of renewable energy sources with the inclusion of the agricultural sector and rural areas is both a necessary and promising idea. However, it encounters various obstacles, such as the lack of a stable state policy towards the RES sector, legal and financial constraints, and limitations due to the negative influence on the natural environment or human health. For example, solar and wind energy can improve Poland’s energy security. However, when all the aforementioned restrictions are considered, the role of these sources need not be overestimated in Poland’s energy mix (although wind farms, which are to be constructed on the Baltic Sea, are a promising prospect).



An opportunity for the development of the renewable energy sector in Poland arises from investments in distributed energy micro-sources rather than from building large power plants. Rural areas (around 93% of Poland’s territory) are the principal location of renewable energy sources.



Among the biggest barriers to the development of the wind power sector in rural areas, the following are mentioned most frequently: legal regulations; lagging procedures; and a lack of clearly defined regulations, the interpretation of which mainly depends on the good will and favor of local administrative authorities, and on the advance mechanisms. In addition, a decision to localize a wind farm can also be affected by social protests evoked by the fact that wind power plants generate noise that can be noxious to local residents, and wind turbines are said to spoil the landscape. Investors are mostly worried that they will not be able to obtain a permit for a power grid connection. The ecological aspect of wind turbines and their negative impact on the natural environment are still debatable questions. In terms of ecology, attention is drawn to the adverse effect of turbines on migrating birds, killed by a turbine’s blades. In regard to the effect on the surroundings, the main argument against building wind farms is the so-called wind turbine syndrome, consisting of problems with sleeping and concentrating, as well as headaches and dizziness. Studies conducted on this problem (e.g., in the U.S.A., U.K., the Netherlands, and Denmark) have revealed that the syndrome may appear if residential houses are situated at a distance of less than 3 km from a wind farm. The reluctance of farmers to allow the construction of wind turbines on their land has been strengthened by instances of unfair practices of investors towards land owners (vague, unclear terms of contracts, unclear participation in profits, interception of land by investors, etc.) [74]. The intensive increase of wind power capacity in Poland is observed to have slowed down since 2017.



There are also proponents and opponents of photovoltaic power generation, which, until recently, was most often used to provide power to low-power devices in sites with difficult access to the power grid (e.g., traffic lights, street lights, notice boards, emergency power systems, small trade equipment, environmental monitoring equipment, and telecommunication relays). Nowadays, there are photovoltaic farms generating energy for sale. Abromas [75] classified wind turbines, hydropower plants, and solar power plants as the power sector facilities causing the strongest visual impact on the countryside landscapes. This author expressed the opinion that the visual quality of scenery is one of the non-tangible assets of people’s living environment that defines the quality of life.



According to Kryszk and Kurowska [41], the construction of large photovoltaic farms in Poland can be helped by the rather neutral influence they have on the surroundings. They are less intrusive on the landscape, and their energy stocks are replenished by natural processes, which means they can be considered to be inexhaustible. In contrast to wind farms, photovoltaic farms are more acceptable to society. Photovoltaic panels are most often placed on the roofs of houses and other buildings, sets of traffic lights, street lights, etc. It is very often just a small addition to an existing object.



Although photovoltaic power recorded the highest increase in installed power among all RES in Poland in 2019, and is nowadays the major area for investment in the renewable energy sector, it also has some opponents. While their price has been decreasing for several years now, solar panels are still rather expensive. They can cover large areas when designed for mass use. Another controversial issue is whether their production can be seen as eco-friendly. Obviously, to some extent, it pollutes the environment, but it is unrealistic to hope for 100% ecological generation of power on an industrial scale. Solar power plants do not generate and store energy at night, but then conventional power plants can experience stopovers leading to power cuts. It is therefore advisable to run a rational policy regarding the management of power resources. Considering opportunities and limitations in the development of renewable energy sources in rural areas in Poland, the measures planned to be taken in this area should be preceded by a thorough, multi-criteria analysis.





4. Conclusions


The results of the research and analyses carried out showed that the production of energy crops will require an increasing acreage of agricultural land. In order to meet the obligations adopted under the European Union energy policy and a compatible national policy in this area, it is also necessary to use imported biocomponents. It should be emphasized that the conducted research and analyses also have limitations. Among others, the authors yield variability, fuel consumption variability (diesel oil and petrol), and the instability of legal regulations (assumptions regarding the share of liquid biocomponents are established for 2–3 years and are variable).



The actual threats to energy security force us to invest in new technologies, especially in renewable energy sources, including the conversion of biomass and the distribution of energy generation systems. The current tendencies show that renewable energy is going to be the most dynamically developing sector in rural areas. Nowadays, agriculture plays the roles of both food producer and supplier of biomass for energy purposes. Rural areas are where most investments in renewable energy sources are localized.



Despite the ongoing changes, not all the energy potential of Polish agriculture is taken advantage of. Agriculture will continue to play an important role in the accomplishment of goals associated with renewable energy sources. Besides supplying raw materials, the countryside can also function as the place where energy resources are processed, and this will often entail creating local supplies of energy.



Production of raw materials for energy purposes has become one of the principal, commercial roles of agriculture, which plays an important part in the multi-functional development of the countryside, where farmers can earn additional revenues from selling energy raw materials. Initially, it was assumed that the production of biofuels for personal use would decrease the costs of agricultural production. However, despite the extremely simple technology, few farmers have decided to launch the production of biofuel to be used on their own farms. The lack of financial support for energy production considerably limits the possibilities of any further growth in the production of biomass by agriculture.



Assumptions indicate that the global food demand will have doubled by 2050. The current agricultural policy and the policy for the development of rural areas are increasingly often perceived as key instruments in helping to face ‘the new challenges’, which include climate change, renewable energy, water management, and biological diversity. Due to their dispersed character and the use of locally available resources, renewable energy sources can become a contributing factor to increasing energy security and to decreasing the costs of energy. The impact of biomass on the agricultural market will be moderate and will be mostly due to the growing use of second-generation biofuels, improved efficiency of the production of biomass in other sectors, and gradual changes in land use.



Food-producing agriculture is increasingly transforming into an agriculture producing raw materials for energy purposes. It is highly possible that this shift will cause a change in the ratio of food prices to prices of different forms of energy. The emergence of a new market of agricultural products (used for energy generation) can enable farmers to increase agricultural production considerably and put to use all agricultural land. There is also a possibility to manage the surplus output of agricultural raw materials, especially of inferior quality, which are unsuitable for animal or human consumption. For many farmers, renewable energy sources are a chance to rationalize production. From the point of view of the whole country, they create an opportunity to meet the international obligations such as Directive 2009/28/EC of the European Parliament and the Council of 23 April 2009 on the promotion of the use of energy from renewable sources.



There is a need for a holistic approach to the problem of using biomass for energy purposes. This means that the issue should be explored in its entirety, taking into account agriculture, the food industry, economics, the energy sector, and the natural environment. It is also necessary to elaborate specific solutions for the rational use of biomass in the production of energy and fuels under the framework of energy agriculture, which can turn into an important element of the sustainable cost-effectiveness of agricultural production.
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Figure 1. Biogas plants number and the dynamics of their creation. Source: based on Agricultural Market Agency/National Agricultural Support Center data. 
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Figure 2. Production of agricultural biogas and electrical energy in agricultural biogas plants in Poland. Source: based on Agricultural Market Agency/National Agricultural Support Center data. 
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Table 1. Classification of market and non-market functions of agriculture.
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	Production
	Social
	Cultural
	Natural





	Commercial:

	-

	
foodstuffs intended for the market,




	-

	
agricultural products being industrial raw materials,




	-

	
agricultural products for energy production,




	-

	
tourist services related to agricultural activities.






Non-commercial:

	-

	
household food self-supply,




	-

	
means of production produced on the holding for own needs.






	
	-

	
impact on the economic viability and social cohesion of the countryside,




	-

	
an element of social security for agricultural families and some non-agricultural families,




	-

	
stabilizer of shocks caused by economic and institutional changes (the so-called external shock buffer).






	
	-

	
protection and enrichment of cultural traditions in the countryside,




	-

	
enrichment of the national culture,




	-

	
enhancing cultural identity and diversity at local, regional, and national levels,




	-

	
shaping cultural capital,




	-

	
protection and enrichment of the cultural landscape of the countryside.






	Negative:

	-

	
soil and water pollution with chemicals and municipal and economic sewage,




	-

	
soil erosion,




	-

	
reducing the biodiversity of farmland,




	-

	
greenhouse gas emissions.






Positive:

	-

	
preventing the natural degradation of agricultural land,




	-

	
protection of agricultural land biodiversity,




	-

	
protection or improvement of water conditions in agricultural areas, prevention of soil erosion.













Source: [28], Reproduced with permission from Wilkin, J. Wielofunkcyjność rolnictwa—nowe ujęcie roli rolnictwa w gospodarce i społeczeństwie (Multifunctionality of agriculture—A new approach to the role of agriculture in the economy and society). In: Wielofunkcyjność Rolnictwa. Kierunki Badan, Podstawy Metodologiczne i Implikacje Praktyczne; Wilkin, J., Ed.; Instytut Rozwoju Wsi i Rolnictwa Polskiej Akademii Nauk: Warsaw, Poland, 2010, 29. (in Polish).
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Table 2. Past and forecast of the demand for primary and renewable energy.
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Specification

	
Unit

	

	
Years




	
2010

	
2015

	
2020

	
2025

	
2030






	
Primary energy

	
Mtoe

	
93.2

	
95.8

	
101.7

	
111

	
118.5




	
Renewable Energy

	
Mtoe

	
6.3

	
8.4

	
12.2

	
13.8

	
14.7




	
Share of Renewable Energy in Total Primary Energy Consumption

	
%

	
6.8

	
8.8

	
12.0

	
12.4

	
12.4








(toe) ton of oil equivalent (Mtoe = 1,000,000 toe)—a unit of fuel applied to compare various fossil fuels, which are expressed in different units, often not mutually comparable. According to the definition cited in the act of 15 April 2011 on energy efficiency, a ton of equivalent oil is an equivalent to 1 ton of crude oil of a calorific value equal to 41,868 kJ∙kg−1, 1 toe corresponds to 42 GJ or 11.6 MWh. Source: based on [25].
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Table 3. Predicted demand for seeds of oilseed rape grown for energy purposes and grain for the production of bioethanol.






Table 3. Predicted demand for seeds of oilseed rape grown for energy purposes and grain for the production of bioethanol.





	
Years

	
Demand for Biocomponents (Thousand m3)

	
Demand for Raw Material (Thousand Mg)

	
Necessary Acreage of Crops (Thousand ha)






	
oilseed rape seeds




	
2021

	
1770

	
5133

	
1930




	
2022

	
1790

	
5192

	
1952




	
2023

	
1811

	
5251

	
1974




	
2024

	
1851

	
5369

	
2018




	
cereal grain




	
2020

	
517

	
1421

	
323




	
2021

	
544

	
1450

	
413




	
2022

	
550

	
1513

	
417




	
2023

	
556

	
1530

	
422




	
2024

	
569

	
1564

	
431








Source: own calculation based on the National Indicator Target for the years 2021–2024, a forecast assuming the diesel consumption at 20,345 thousand m3 and 6083 thousand m3 petrol [52], providing that consumption in the following years remains similar.
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