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Abstract. The main objective of this article is to discuss the diversity of European Union countries in
terms of their production of renewable energy from agriculture and forestry. The analysis includes
28 EU countries. Figures come from 2013-2015. Diversification of European Union members was
conducted using cluster analysis. The following diagnostic features were used for the analysis:
production of renewable energy from agriculture, share of agriculture in production of renewable
energy, change in the production of renewable energy from agriculture in 2013-2015, production of
renewable energy from forestry, share of forestry in production of renewable energy, change in the
production of renewable energy from forestry in 2013-2015. As a result of the cluster analysis
examined regions were divided into five groups.
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Introduction

Economic development contributes to an increase of energy needs. In order to reduce
the consumption of primary energy sources such as coal, oil and gas, EU countries promote
the use of energy from renewable sources (Jedrejek, Jarosz, 2017). The result of these
actions is the Directive 2009/28/EC (Dz. U. UE L 09.140.16.2009) adopted in April 23,
2009 on the promotion of the use of energy from renewable sources according to which, by
2020 the EU countries are expected to increase the share of renewable energy in gross final
consumption to 20%. Development of renewable energy supports political targets related to
cutting down CO, emissions, to help reduce climate change (Saerbeck, Bianchi, 2008).
Presently energy from biomass dominates the production of renewable energy in EU
countries. In 2015, 63.5% of renewable energy in the EU was produced from this source
(EUROSTAT, 2017). The biomass structure is dominated by forest an agricultural biomass
(European Commission, 2017).

The term biomass is defined in both Polish and EU legal regulations. According to the
Directive 2009/28/EC (Directive 2009/28/EC art. 2¢) of the European Parliament and of the
Council, and the Act of August 26, 2006 on biocomponents and liquid biofuels (2006,
art. 2), biomass means the biodegradable fraction of products, waste and residues from
agricultural biological origins (including vegetal and animal substances), forestry and
related industries including fisheries and aquaculture, as well as the biodegradable fraction
of industrial and municipal waste.
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Existing literature on the subject lists many classifications of biomass. But most often
biomass is classified by direction of origin - agricultural biomass, forestry biomass and
biomass from wastes (Kotodziej, 2012; Godlewska-Majkowska, Zargbski, 2012;
Odnawialne..., 2013); the degree of processing — primary energy raw materials, secondary
energy raw materials and energy carriers (Korycinska, 2009; Grzybek, 2008) and state of
aggregation — solid, liquid and gas (Kotodziej, 2012; Berenet-Kowalska, Kacprowska,
Moskal, Jurgas, Kacperczyk, 2014).

Agricultural biomass are: waste and plant and animal production by-products, waste
and by-products from processing of plant and animal raw materials and annual (oilseeds,
root crops and legumes) and perennial plants (willow, miscanthus grass, virginia mallow).
Forestry biomass are: waste wood, compressed wood, forestry waste and waste from the
wood and paper industry (Kotodziej, 2012; Godlewska-Majkowska, Zargbski, 2012;
Odnawialne..., 2013).

The use of agricultural and forestry biomass for energy purposes brings many benefits:
the reduction of pollutant emissions in relation to the combustion of primary fuels;
utilization of production waste from forestry and agricultural industry; the possibility of
creating various forms of energy from heat to electric energy to fuel for cars; stability of
energy from biomass in relation to the unpredictable solar or wind energy; availability of
resources around the world, ensuring delivery from the same country, the possibility of
obtaining income in overproduction of resources, creation of new jobs, reduction of CO,
emissions and decentralization of energy production — energy security (Ociepa-Kubicka,
2015). Despite so many advantages, it should be noted that the resources of agricultural and
forest biomass are strictly defined in the scope of the annual use for energy purposes. The
limited use of agricultural and forestry biomass is due to the use of these resources for food
and production needs (Wojcicki, 2012).

The aim and research method

The main objective of this article is to discuss the diversity of European Union
countries in their production of renewable energy from agriculture and forestry. The
analysis includes 28 EU countries. Figures come from 2013-2015. The data comes from the
EUROSTAT publication.

Diversification of European Union members was conducted using the cluster analysis.
The research used the so-called Euclidean Distance, understood as the function of
similarity, using the formula (Parysek, Wojtasiewicz, 1979):

(M

where: dj — distance between i-th and k-th object (for i =k =1, 2, ..., n), x;; — value of j-th
variable for i-th object (for j =1, 2, ...,m), X, — values j-th variable for k-th object.

Standardized variables were used for calculations. During the research, J.H. Ward method

was applied. It involves connecting those clusters, that as a whole provide a minimum sum
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of squared distances from the centroid of a new cluster, which they form (Parysek,
Wojtasiewicz, 1979).
The analysis was conducted based on six selected indicators:

—  production of renewable energy from agriculture (toe/1000 inhab.),

— share of agriculture in production of renewable energy (%),

— change in the production of renewable energy from agriculture in 2013-2015 (%),

— production of renewable energy from forestry (toe/1000 inhab.),

— share of forestry in production of renewable energy (%),

— change in the production of renewable energy from forestry in 2013-2015 (%)
Selection of indicators was conducted based on the substantive and statistical criteria, and
the availability of complete data was also taken into account.

Results

Figure 1 presents data on renewable energy production from agriculture in EU
countries in 2015. Average level of production per one country is 37 toe/1000 inhab. Index
values range from 0 (Estonia) to 127 (Germany). The highest values indicator of renewable
energy production from agricultural biomass were characterized by Germany and The
Netherlands. Together, these two countries produced 235 toe/1000 inhab. Renewable
energy from agriculture accounts for almost 23% of the EU production level. Quite a high
indicator of renewable energy production characterizes Finland, Austria, Belgium, the
Czech Republic and Latvia. Total renewable energy production from agriculture in these
countries is almost 387 toe/1000 inhab. (above 37% of EU production in 2015). In most
countries, the production of renewable energy from agriculture has not reached the average
level. The least favourable situation in this respect was registered in Estonia, Malta,
Bulgaria, Ireland and Romania. In these countries, only 21 toe/1000 inhabs of renewable
energy from agriculture was produced, which gives 4 toe/1000 inhab per country.

Figure 1 also presents the change in production of renewable energy (in toe) from
agriculture in 2013-2015 (in %). Taking into account the change in production of renewable
energy from agriculture between 2013 and 2015 there was an increase in most countries. In
The United Kingdom, Denmark, Finland, Malta, Latvia and Slovakia the change was above
50%. There were no changes in Belgium and Estonia. In contrast there was a decrease in
the production of renewable energy from agriculture in seven countries during the analyzed
period, especially in Greece (37%) and Romania (28%).

Figure 2 presents the share of agriculture in production of renewable energy in EU
member states in 2015. Average share of agriculture in production of renewable energy per
country in 2015 was almost 10%. Index values range from O (Estonia) to 38%
(Netherlands). The highest share of agriculture in production of renewable energy was
characterized by The Netherlands (38%), Belgium (28%) and Germany (27%). In these
countries there is also a high indicator of renewable energy production in toe/1000 inhab.
The next countries are Slovakia and the Czech Republic with almost 20% share of
agriculture in renewable energy production. Most countries achieved an average share of
agriculture in renewable energy. In 11 countries the share of agriculture in renewable
energy production did not exceed the average value. The lowest values were in Estonia
(0%), and Sweden (less than 1%).
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Fig. 1. Production of renewable energy from Fig. 2. Share of agriculture in production of
agriculture in EU member states in 2015 renewable energy in EU member states in 2015
Source: own research based on: European Source: own research based on: European
Commission (2017). Cap context indicators 2014- Commission (2017). Cap context indicators 2014-
2020, p. 190. 2020, p. 190.

Figure 3 contains information on renewable energy production from forestry in EU
countries in 2015. The average level of production per one country is 309 toe/1000 inhab.
Index values range from 0 (Malta) to 1444 (Finland). The highest level of renewable energy
production is characterized by countries in the north part of Europe: Finland, Latvia,
Sweden and Estonia. In 2015 the total production of renewable energy from forestry in
these countries amounted to 4,3 thous. toe/1000 inhab., which is half of EU total
production. Also, quite high indicators of production are shown by Austria, Lithuania and
Croatia. In those countries in the analyzed year, 1,3 thous. toe/1000 inhab. of renewable
energy from forestry were made, which is 15% of EU production. In most countries EU
production did not reach the average level. The lowest indicator values characterized Malta
(no production) and Cyprus (less than 8 toe/1000 inhab.).

In 2013-2015, in most countries, the production of renewable energy from forestry
increased, especially in The United Kingdom and Cyprus. It should be noted that these
countries are characterized by low values of production indicators. In 11 countries, a
decrease in the production of renewable energy from forestry has been observed. In most
countries, the decrease is small, the most significant of which was noted in Belgium.

Figure 4 contains information on the share of forestry in renewable energy production
in EU countries in 2015. The average indicator value per one EU country is 50%. Index
values range from 0 (Malta) to 94% (Estonia). The highest share of forestry in renewable
energy production characterizes Estonia, Latvia and Lithuania, where values of indicators
exceed 80%. Next are Hungary, Finland, Poland, the Czech Republic and Croatia. In these
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countries the share of forestry in renewable energy production is above 60%. In 15
countries the share of forestry in renewable energy production is below 50%; that is below
the average level. The lowest values in production and share of renewable energy from
forestry characterizes Malta (0% no production) and Cyprus (less than 6%).
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Fig. 3. Production of renewable energy from Fig. 4. Share of forestry in production of
forestry in EU member states in 2015 renewable energy in EU member states in 2015
Source: own research based on: European Source: own research based on: European
Commission (2017). Cap context indicators 2014- Commission (2017). Cap context indicators 2014-
2020, p. 191. 2020, p. 191.

Comparing the discussed indicators, the European Union countries were divided into
five different groups (Figure 5, Table 1). Group I included three countries: Belgium, The
Netherlands and Germany. This group of countries differs from the others with the highest
indicators of production and the highest share of agriculture in renewable energy
production. Values of indicators exceeds 100 toe/1000 inhab. and it is twice as high as in
Group III (the second in this respect). The share of agriculture in renewable energy
production exceeds 30% in this group, which is two and a half times higher than in the next
group in this respect. The level of changes in the renewable energy production in this group
of countries is slightly lower than the average for the EU. At the same time, the indicators
regarding the importance of forestry in the renewable energy production are characterized
by lower than average values for the EU in this group.

Group II was created by six countries: the Czech Republic, Denmark, Lithuania,
Luxemburg, Slovakia and the United Kingdom. These countries are characterized by the
greatest change among all groups of countries in renewable energy production from
agriculture and forestry. In addition, this group of countries is characterized by the average
volume of renewable energy production from agriculture, with a relatively high share of
agriculture in the renewable energy production. Their share of forestry in renewable energy
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production has been on an average level, while the volume of renewable energy production
from forestry per country in this group did not exceed the EU average.

group

Fig. 5. Diversification of EU member states due to the production of renewable energy from agriculture and
forestry — typological groups

Source: Authors’ own research.

Group III included five countries: Estonia, Latvia, Austria, Finland and Sweden.
Countries within this group are characterized by a great deal of importance of forestry in
renewable energy production. The value of production indicator per country in this group
reaches almost! thous. toe/1000 inhab. and is four times higher than in Group III (next in
terms of production volume), while the share of forestry in the renewable energy
production in this group exceeds 70% per each country. It should be noted, that in the scope
of the importance of agriculture in renewable energy production within Group III countries,
there was quite a high value of production indicator, with a very small share of agriculture
in the renewable energy production. The dynamics of change turned out to be greater in the
case of renewable energy production from agriculture than from forestry. Positive values
were recorded in both cases.

Group IV included seven countries: Bulgaria, Croatia, Hungary, Poland, Portugal,
Romania and Slovenia. A characteristic feature of this group are negative indicators of
change in the production of renewable energy from agriculture and forestry recorded in
most countries. In addition, this group is characterized by the lowest rate of renewable
energy production from agriculture, which does not exceed 16 toe/1000 inhab per country.
The share of agriculture in the production of renewable energy in this group was two times
lower than the EU average. The importance of forestry in renewable energy production of
these countries is greater. Both the volume of production per country and the share of
forestry in the production of renewable energy are higher than in the case of Groups I, II
and V, smaller only in comparison with Group III.
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Table 1. Diversification of EU member states due to the production of renewable energy from agriculture and
forestry — indicators by typological groups

Group  Group Group Group Group

Specification I I I v v Total
Production of renewable energy from agriculture
(toe/1000 inhab.) 103,0 39,5 51,1 15,8 18,3 37,2
Share 0£ agriculture in production of renewable 308 11.8 38 47 7.6 9.6
energy (%)

Change in production of renewable energy from

agriculture in 2013-2015 (%) 13,5 481 347 58 79 185

Production of renewable energy from forestry
(toe/1000 inhab.)

Share of forestry in production of renewable
energy (%)

11,2 215,8  966,9  236,8 74,1 308,5

33,0 55,5 70,8 63,3 24,2 50,0

Change in the production of renewable energy

from forestry in 2013-2015 (%) 28 16,9 3.9 2.4 6,5 37

Source: Authors’ own calculations based on research of the European Commission (2017). Cap context indicators
2014-2020, p. 190-191.

Group V included seven countries: Ireland, Greece, Spain, France, Italy, Cyprus and
Malta. These countries are characterized by a relatively small production of renewable
energy from agricultural biomass, with a small share of agriculture in the production of
renewable energy. In addition, the lowest share of forestry in the production of renewable
energy was recorded among all the examined groups, with the lowest production of this
energy from forestry. These are countries where (apart from France) the share of biomass in
the production of renewable energy does not exceed 50%, and other sources are of great
importance in the production structure of renewable energy.

Discussion

Renewable energy production and consumption has a positive impact not only on the
environment but also on economics — for example on gross domestic product (Aceleanu,
Serban, Pociovaisteanu, Dimian, 2017; Akar, 2016; Cetin, 2016). The European Union
leads in renewable energetics and biomass is the most popular renewable energy resource
(European Commission 2015). However the production and consumption of renewable
energy is diversified at the national level (Fischer, 2014; Ringel, Knodt, 2018).

Diversity is caused, among others things, by determinants in individual countries.
Referring to the presented research results, Group I - characterized by the largest share of
agriculture in the production of renewable energy - includes countries with a high level of
agriculture's functional development (see: Janiszewska, Ossowska, 2016). Hence the large
possibilities of obtaining biomass from this source. In Belgium and The Netherlands, the
highest potential of agricultural biomass can be obtained from animal production and in
Germany from crop production as well (see: Janiszewska, Ossowska, 2015).

Group III - characterized by the largest share of forestry in the production of
renewable energy - includes countries with a well-developed forest function, associated
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with significant forest cover (see: Ossowska, Janiszewska, 2016). Forest management
allows biomass to be obtained from this source.

In most countries of Group V, sources other than biomass are also important in the
production of renewable energy. Among the southern countries it is solar energy (Malta,
Cyprus, Greece and Spain). Coastal countries quite commonly use wind energy (Spain,
Cyprus, Greece). Also a large share of energy comes from: hydropower (France, Greece,
Italy and Spain) and geothermal energy (Italy) (EUROSTAT, 2017). Therefore, the natural
conditions of these countries influence the structure of using renewable energy sources.

Other highlighted groups include countries with a fairly high level of change in the
production of renewable energy from agricultural and forest biomass. Changes in
renewable energy are not only dependent on EU policy, but also on the situation at the
national level. Negative changes - characterizing Group IV - in most cases are not a result
of changes in the size of agricultural and forestry production (see: EUROSTAT, 2016).
They are related to, for example, energy policy conducted at the national level, especially in
Central and Eastern Europe, where this policy is based on the national energy mix and
renewable energy sources are not seen as important (other than as a part of EU policy)
(Fischer, 2014; Ringel, Knodt, 2018). Positive changes - characteristic of Group II - are
related to common energy policies, and the assumption that the share of renewable sources
in energy production should be related to the growth of energy consumption. In the EU a
number of support mechanisms have been introduced, such as: investment aid, tax
exemptions, tax refunds and subsidies for the price paid to the producer (Luty, Zioto, 2016).

Considering the EU's common energy policy, we should expect an increase in pressure
for the management of biomass from waste, including agricultural and forest biomass. This
increase will be dictated by both the necessity of waste management and the need to
achieve further targets in the share of renewable energy on total energy consumption
(Pudetko, 2013; European Commission, 2014).

Conclusions

Biomass, in particular agricultural and forestry biomass, is the most widely used
source of renewable energy in Europe. According to the main objective, the article
discusses the diversity of EU countries due to the production of renewable energy from
agriculture and forestry. As the result of the analysis, EU countries were divided into five
groups with different characteristics in the field of renewable energy from agriculture and
forestry. Group I is characterized by high importance of agriculture in the production of
renewable energy. Group Il is characterized by a fairly high level of positive changes in
energy production from agriculture and forestry. Group III is characterized by high
importance of forestry in the production of renewable energy. Group IV is characterized by
a fairly high level of negative changes in the production of renewable energy from
agriculture and forestry. In Group V, sources other than biomass play a large role in the
production of renewable energy.

The production of renewable energy from agriculture and forestry is affected not only
by natural conditions and EU energy policy, but also by the situation in individual
countries. In view of the energy policy pursued by the European Union, a further increase
in the use of biomass, including agricultural and forest biomass, can be expected in the
future.
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