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The theoretical potential presenting the energy value of all existing agricultural biomass resources in EU countries and the

technical potential taking into account agricultural biomass resources that are not used in agriculture. The research was

based on Eurostat data for 2019. The conducted research shows that European Union countries are characterized by a

significant potential of agricultural biomass.
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1. Introduction

As emphasized by the European Commission in “A new Circular Economy Action Plan for a cleaner and more competitive

Europe”, there is only one planet Earth, but by 2050, global consumption will be as large as if there were three . The

2018 OECD communication indicated that by 2060, the consumption of materials such as biomass, fossil fuels, metals

and minerals will double, and the amount of waste will increase by 70% . All of this negatively affects the quality of the

environment and the size of natural resources, and requires action for a climate-neutral, resource-efficient and competitive

economy. Moreover, according to some opinions, the ongoing war between Russia and Ukraine in the geopolitical sense

may contribute to the acceleration of the energy transformation . In the face of the crisis, it is crucial to focus on ensuring

the continuity of fuels and energy as well as the economic and political security of domestic energy resources .

However, the current energy crisis has revealed that the transition to renewable energy is too slow and that serious efforts

are needed to accelerate the transition from fossil fuels to renewable energy .

Renewable energy for the European Union has long been an important aspect of the functioning of the Community.

Already in 1986, one of the first documents on energy in the European Union appeared, which was the Council Resolution

on new community goals regarding energy and the divergence of the Member States, which contained a postulate to

promote renewable energy sources . Later successes in the use of renewable energy were influenced by a number of

introduced reforms of a social and economic nature. One of the most important documents was Directive 2001/77/EC ,

which reflected the declarations and proposals contained in the White Paper “Energy for the future—renewable energy

sources” . In this directive, the Community made the promotion of renewable energy sources a priority, mainly due to its

positive impact on environmental protection and sustainable development. In contrast, the 2005 Commission

Communication  referred to the increased use of biomass as a renewable energy source in the energy sector. It was

highlighted that biomass has many advantages over conventional energy sources as well as some types of renewable

energy. The key document in the field of promoting the use of energy from renewable sources was also Directive

2009/28/EC , which considered it appropriate to set mandatory national targets, according to which, in 2020, 20% of

energy and 10% of energy in the Community should come from renewable sources in the transport sector. Today,

providing clean, affordable and secure energy is one of the key elements of the European Green Deal. In this respect,

further decarbonization of the energy system by creating a sector based largely on renewable sources, while at the same

time rapidly phasing out coal and reducing the emission of gas , was considered crucial for achieving the 2030 and

2050 climate goals. In order to face the emerging challenges (limiting dependence on non-renewable resources,

sustainable management of natural resources, food security), the European Union is moving towards a bioeconomy.

Bioeconomy should be understood as the production of renewable biological resources and the conversion of these

resources and waste streams into value-added products, such as food, feed, bio-based products and bioenergy .

The share of energy from renewable sources in European Union countries is growing every year. Over the last 15 years,

the share of energy from renewable sources has more than doubled and has amounted to 22.1% in 2020 (10.2% in

2005). The largest share of renewable energy is in Sweden (55.8%), Finland (42.7%) and Latvia (40.9%). Conversely, the

lowest share of energy from renewable sources is in Luxembourg (7.0%), Malta (8.2%) and Netherlands (8.9%) .
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Biomass dominates among renewable energy sources in European Union countries, which is one of the most popular and

universal raw materials on earth . Biomass in European Union countries currently accounts for 60% of all renewable

energy sources and 10% of all energy sources . The largest share of biomass in renewable energy is in Estonia (94%),

Latvia (92.4%) and Lithuania (91.1%). A significantly lower share of biomass in renewable energy is found in Malta (9.3%),

Cyprus (15.2%) and Ireland (23.5%) . Conversely, the dominant source of biomass in the European Union is woody

biomass, the share of which is over 60%. The largest share of forestry in the production of renewable energy is in Estonia,

Latvia Lithuania, and the lowest in Malta, Cyprus and Ireland. Agricultural biomass (equally from agricultural crops and

agricultural by-products) accounts for 27%. Countries such as the Netherlands, Germany and Belgium produce the most

energy from agriculture in the European Union. The least amount of energy from this source is Estonia, Sweden and

Bulgaria, while the remaining 12% originates from waste (municipal, industrial, etc.) .

However, the dominant wood biomass can only continue to play a significant role as a renewable energy source if it is

produced and used in a sustainable and efficient manner, taking into account the cascading principle and the European

Union’s carbon sequestration and biodiversity objectives . According to the EU Biodiversity Strategy for 2030, in order

to mitigate the potential climatic and environmental threats related to the use of wood biomass, the use of whole trees for

energy production should be minimized . Thus, according to the cascading principle, biomass should be used in the

following order: reuse, recycling, bioenergy and disposal. Therefore, the exploitation of biomass that does not violate the

aforementioned principle is of interest. According to Alatzas et al. , waste, residues and surplus biomass generated in

agriculture comply with these criteria, and further research into the possibilities of exploiting this resource raises high

hopes. According to a 2009 report by the European Commission, biomass was expected to contribute to around two-thirds

of the share of renewable energy . Therefore, according to Scarlat et al. , the use of biomass for bioenergy

production must take into account the use of all available resources in a sustainable manner without negative impacts.

Therefore, only the technical potential of agricultural biomass should be used for energy purposes. As emphasized by

Gavrilescu , from an ethical point of view, only biomass that does not compete with food production should be used for

the production of fuels, energy and heat. Hence, only surplus biomass should be used for energy purposes.

2. Agricultural Biomass

Biomass provides people with food, fiber and fuel. In addition, it is an essential resource for all animals and

microorganisms. The production of biomass replenishes the carbon in soil and vegetation, which is consumed by these

animals and microorganisms and returned to the atmosphere . Taking into account the political perspective, the use of

energy from biomass can be an attractive option to reduce greenhouse gas emissions and improve energy security .

Biomass is derived from a wide range of feedstocks, such as biomass from agriculture (crop residues, bagasse, animal

waste, energy crops, etc.), forestry (logging residues, wood processing by-products, black liquor from the pulp and paper

industry, fuelwood, etc.), and other types of biological waste (food waste, food industry waste, the organic fraction of

municipal solid waste, etc.) , whereas agricultural biomass is defined as a subset of biomass produced directly from

agricultural activities, including cereal grains, sugar crops, oilseeds, other arable crops and crop by-products such as

straw, vegetative grasses, farm forestry (e.g., willow and poplar), and livestock by-products, for example, manure and

animal fats . Agricultural biomass has many advantages as a source of renewable energy. The most important of them

are the utilization of waste and residues from agricultural activities, reduction of agricultural emissions, the diversity of the

use of agricultural biomass (production of heat, electricity, fuels in transport), widespread availability of raw materials and

improvement of energy security at the regional level through decentralization of energy production. Moreover, it is possible

to obtain additional income from the overproduction of agricultural raw materials and the creation of new jobs .

However, as emphasized by Daioglou et al. , the role of biomass and its benefits depend mainly on the supply chain,

including factors such as land use dynamics, the amount and type of fossil fuels replaced, and potential feedbacks in the

energy system. However, according to Nakicenovic et al. , the future of bioenergy development is influenced by many

unpredictable factors, such as: population dynamics, economic development, food demand, feed, fiber and energy

services, changes in agricultural and forestry production intensity, land protection decisions, and availability and costs

advanced energy conversion technologies. Hence, it is important to analyze possible options for the development of the

sector, taking into account the above-mentioned factors.

Biomass will become an increasingly important resource in the bio-fuel farm. However, this will require sustainable

management, as biomass comes from many different sectors of the economy that are regulated by different policies .

In addition, Hamelin et al.  believe that the use of residual biomass is of crucial importance for the European

bioeconomy. Similarly, Kluts et al.  and Haase et al.  consider that biomass residues from primary, secondary and

tertiary economic activities play a key role in providing the raw materials needed to create sustainable bio-farm pathways.

Additionally, as indicated by Tonini et al.  and Hamelin et al. , the use of biomass as the main bioeconomy feedstock
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has a lower environmental impact than that produced on land. In addition, the residual biomass is an unused potential that

can increase the resources of biomass that can be used for energy purposes .

Imperial College London  in its report, Sustainable biomass availability in the EU to 2050, described three possible

scenarios for the use of biomass for energy purposes. Scenario I provides for a low mobilization of biomass, assuming

that agricultural practices will be at the level of 2020, approx. 25% of unused, abandoned and degraded land will be

usable for biomass cultivation, and the main emphasis will be on the use of residues and waste in the bioenergy and non-

energy sectors. Scenario II assumes improved mobilization of biomass in selected countries through improved agricultural

practices (improving soil and biomass productivity), the use of approx. 50% of unused, abandoned and degraded land for

biomass cultivation, and an emphasis on the use of waste residues in the bioenergy and non-energy sectors. Conversely,

scenario III assumes increased availability due to R + I and improved mobilization through improved management

practices in agriculture, the use of approx. 75% of unused, abandoned and degraded land for the cultivation of biomass;

better research and innovation leading to higher yields, efficiency of harvesting equipment and emphasis on the use of

residues and waste in the energy and non-energy biocomponents sectors.

As Tripathi  emphasizes, due to the intensification of agricultural and industrial activities caused by the growing

population and its growing demand for food and other basic products, waste is a growing problem. Both the neutralization,

utilization and methods of managing agricultural waste are inefficient and rarely used. Moreover, especially in developing

countries, most of the biomass residues are left as organic matter in the field or are burned in the open, which has a

negative impact on the environment. In addition, according to Vaish et al. , biomass sources are still underused, mainly

due to the lack of standard national resource estimation policies. Therefore, there is a need to use alternative, sustainable

energy sources and the supply of raw materials. According to Odavic et al. , the low level of utilization of the existing

biomass potential from agricultural production may be caused by the low energy value of this resource per unit of

transport volume and too large spatial dispersion. Waste from this source is underused, and thus far, there has not been

much research focused on this issue. However, the available studies indicate a significant role of agricultural biomass in

the production of energy from renewable sources in European Union countries.

Research by Ericsson and Nilsson  indicates that agricultural policy in the European Union will be a key factor for the

future of bioenergy. According to the authors, the greatest potential in Europe is in the field of energy crops. Moreover, as

the authors emphasize, due to the surplus of food production in European Union countries, this source of biomass may be

an interesting alternative to food crops. Additionally, the analyses carried out also indicate that the potential biomass

resources in European Union countries are unevenly distributed. Scarlat et al.  indicated that in European Union

countries, there is a significant potential in terms of production and in the use of agricultural crop residues for energy

purposes. According to the authors, this source of biomass may play an important role in sustainable energy production;

however, when using it, certain limitations of this source should be taken into account, i.e., resources, logistics,

technological, economical and social, which affect the security and continuity of biomass supplies. Moreover, the authors

also emphasize that due to different geographic and climatic conditions and the status of agriculture activities, agricultural

crop residues available for bioenergy in each European Union country show large spatial and temporal differences.

Hamelin et al.  made a detailed analysis of the theoretical potential of biomass residues for energy purposes in the

European Union. In their analysis, the authors took into account the biomass from: agriculture (straw, manure, residues

from pruning permanent plantations); forestry (forestry residues); urban greenery management (residues from managing

urban green areas and roadside vegetation); and food waste (agri-industrial food process waste and municipal

biodegradable waste). The conducted research shows that straw from cereal cultivation is the main source of biomass

that can be used in the European Union. This type of biomass accounts for about 8% of the marginal energy consumption

in the European Union.

Agricultural biomass is also of interest to the authors who conducted research on its potential outside Europe. Research

by Demirel et al.  in Sudan also indicates that the amount of biomass from agricultural waste is significant, which is the

basis for energy production from this source. Due to this source, it is possible to reduce the energy shortage problems in

the country. In addition, in these studies, biomass density varies depending on the crops and regions of Sudan. Vaish et

al. reached similar conclusions in their research , as they conducted research on the potential of biomass remaining in

crops in the agricultural provinces of India. According to the authors, the existing surplus of agricultural biomass has

enormous potential to contribute to energy generation applications and to increase the total installed capacity of

renewable sources in the country. Research by Mohammed et al.  in Ghana also indicates that the country has

adequate bioenergy potential, giving high hopes for future energy supplies in the country. It is similar in other African

countries, such as: Nigeria , Madagascar  or the countries of North Africa . Researchers also point out that energy

consumption from biomass lowers carbon emissions. Analyses of the potential of agricultural biomass were also carried

out by Odavić et al. . The authors’ research carried out on the example of the Serbian region shows that this area also
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has a significant potential for biomass from agricultural production. For Serbia, the development of the domestic energy

market is an important factor in achieving a competitive national economy and energy independence. It is an example of

interest in energy from agricultural biomass in European but non-EU countries.

However, despite the significant role and significance of the analyzed renewable energy source indicated in various

studies, the potential of biomass from agriculture cannot be perceived as a constant value over time, but rather as

dynamic under the influence of changes in many factors and characteristics. These features include mainly: the amount of

available agricultural land, the structure of crops, allocation of energy crops, the learning curve effect and the impact of

climate change .
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