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Summary: Owing to the fact that the EU is committed to reducing greenhouse gas emissions by 20% below 1990 levels by 
2020, and having in mind their high dependence on import of oil and oil derivatives, which, in turn, causes instability of power 
supply, increasing attention is being paid to renewable energy sources. Given the ongoing pre-accession process of the Republic 
of Serbia in relation to the EU, in order to determine the capacity of the country to increase the share of energy use from 
renewable sources, in this paper clustering of selected regions in the EU-28 has been carried out, after which a comparative 
analysis of regions was performed in terms of potential of agricultural biomass, for the purpose of generating energy. The aim of 
this study is to determine the level of the region of Vojvodina in relation to ten selected EU regions, based on parameters that 
affect the potential for using renewable energy sources, primarily residues from agriculture. By applying the K-means method, 
Borda count method and comparative analysis, and based on empirical data, results show that the region of Vojvodina takes a 
significant fifth place. Its share of agricultural land ranks it as the first, whereas production of cereals and the total number of 
farms larger than 100 ha rank it as the second. It could be concluded that Vojvodina is an agricultural region with large 
quantities of plant remains, primarily those left over from harvest, which represents a significant potential for energy generation 
from agricultural biomass. 
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INTRODUCTION 

 
Owing to the diversity of its countries, but also by creating a union of countries, Europe has become an excellent 

area for a comparative analysis of developed countries in which the market economy functions relatively well, in 
contrast to „new“ EU countries - Central and South-Eastern Europe countries which have gone through a complex 
process of transition. For the purposes of this research, the focus is on the regional dimension, which includes similar 
natural and geographical advantages of certain regions for development of agricultural activities, as well as different 
levels of economic development. Previous research (Brkic, Janic 2007, 2010, 2011) examined that the total potential 
of biomass in Vojvodina is around 9 million tonnes per year. It is also concluded (Zekic, Tica 2007) that the 
agriculture of Vojvodina can produce different types of biomass specially harvest remains, or small grain straw. The 
challenge that EU regional policy faces in the coming years is establishing cohesion of regions and promoting 
harmonious, balanced, and sustainable development of EU regions, taking into account the differences of each. The 
regionalization of countries is done primarily to facilitate the use of numerous data for individual countries, and it is 
the instrument, i.e. mechanism used for statistical purposes. It should be known that economically use of biomass for 
energy production is only possible with state subsides in the form of feed-in tariffs (Official gazete RS, 2016). 

This classification is a hierarchical system for dividing EU countries into economic territories for the purpose of 
data collection, development and harmonization of regional statistics, as well as for social and economic analysis of 
the region. The EU member states’ aim is to reduce greenhouse gas emissions by 80-95% below 1990 levels by 
2050, while the Union's strategic target for 2020 is reduction of GHG emissions by 20% below 1990 levels (EC 
Directive 2001, 2003a, 2003b,2009). On the other hand, the dependence of the European Union on import of oil and 
oil derivatives is prominent, with as much as 87.9% of the total consumption in 2013 being imported (Eurostat 
2017). Import dependency can cause serious problems in stability of energy supply, while negative experiences in 
international energy markets and unexpected oil crises give priority to renewable energy sources. The share of 
renewable energy sources in gross final energy consumption is a key indicator for measuring the improvement of the 
level of each individual EU member country. A possible solution in terms of addressing problems of meeting energy 
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needs, as well as compliance standards in the field of environmental protection, is increased use of energy from 
renewable sources. One such source is agricultural biomass. 

 
MATERIAL AND METHOD OF THE STUDY 

 
Having in mind the ongoing pre-accession process of the Republic of Serbia in relation to the EU, in order to 

determine the capacity of the country to increase the share of energy use from renewable sources, a clustering of 
selected regions in the EU-28 has been carried out, based on natural, geographical, and agro-economic parameters, 
and corresponding to NUTS-2 (Nomenclature of Territorial Units for Statistics) level of classification, after which a 
comparative analysis of regions was performed in terms of potential of agricultural biomass, for the purpose of 
generating energy. Under the National Renewable Energy Action Plan for 2013, Serbia’s strategic target is for the 
share of use of renewable energy sources in total energy to reach 27% by 2020. This work is part of the research 
which defines real physical potential for biomass conversion in Vojvodina, for agricultural holdings whose area is 
larger than 5 hectares. For the purposes of determining the total real potential, as well as rational and economically 
viable use of agricultural residuals in energy production in Vojvodina, agricultural area of holdings, agricultural 
production (crops, yields), animal production (types, LSU, numbers), production technology and legislation were 
used as sources of data. Period of research is based on the last official data obtained from relevant institutions from 
2001 to 2015. 

Nomenclature of Territorial Units for Statistics has been developed and regulated by the European Union. For 
each member country of the EU there are three NUTS levels defined by European Statistics and marked according to 
special rules. The criteria used for grouping are determined by European Union standards, which include population, 
geopolitical position, natural resources, existing territorial organization, as well as cultural and historical heritage. 
The same statistical system is defined for the candidate countries for EU membership, which also includes Serbia. 
Vojvodina is a lowland region in northern Serbia, with mild climate, where more than 90% of the land is used for 
agricultural purposes. The nomenclature of the region is statistical help for assessment, analysis and comparison of 
data and should be as accurate as possible. 

The study applied methods that can be grouped as follows: empirical and descriptive statistics with certain 
statistical and mathematical methods of calculation, comparative analysis, K-Means clustering method and Borda 
count method. To determine the position of the region of Vojvodina among selected regions of the EU using 
comparative analysis, clustering algorithm by K-mean values (MacQueen, 1967; Forgy, 1965) was applied. The most 
commonly applied technique is Lloyd's algorithm (Lloyd, 1982). Borda count method (Wei-Wen, 2011) is used to 
facilitate decision-making, distributing options in accordance with their rank sum.  

For the purposes of this study, which is a part of the doctoral thesis research, in which is explored biomass from 
agricultural crops and also biogas production from livestock residuals, analysis was based on the latest official data 
of European and national statistics for individual parameters relevant to the field of biomass use from agricultural 
production. Those are: the share of arable land in total land (%), total cereal production (million t), average cereal 
production (t ha-1), total number of holdings, number of holdings with area larger than 100 ha, the average size of 
holdings (ha), the total standard output of holdings (million €), number of holdings that generate renewable energy, 
livestock production (000 cattle), average number of cattle per holding, and number of livestock unit (LSU in 000). 
For the purposes of establishing the overall actual potential, as well as for rational and profitable use of by-products 
from agricultural production in energy generation in Vojvodina, the following were used as sources of data: surface 
area of plots and manner of using them, agricultural production (crops, yield), livestock production (types, livestock 
unit, number), production technology, and legal regulations.  

Selected NUTS-2 EU regions have over 50% share of crop farming products in the overall Gross Domestic 
Product (GDP) from agriculture. Regions that are selected by cluster analysis are as follows: South-East Bulgaria 
BG34, Central Bohemian Region Czech Republic CZ020 (Van Dama, Faja 2005; Lewandowskia  et al., 2006)., 
Brandenburg Germany DE4 (Gutzler et al., 2015), Central Macedonia  Greece EL52, Centre France FR24, 
Continental Croatia HR04,Veneto Italy ITD3, Southern Great Lowland Hungary HU33, Styria Austria AT22 and 
North-West Romania RO11.  

 
RESULTS AND DISCUSSION 

 
One of the deciding factors is agricultural land that is defined as arable land by the Food and Agriculture 

Organisation (FAO). Arable land is the land under permanent crops or under permanent pasture. According to new 
classification of the Republic of Serbia, used agricultural land includes garden fields, infields, arable land, meadows, 
pastures, permanent crops - orchards, vineyards, and nurseries. Comparison of selected regions of the EU and the 
region of Vojvodina in terms of the potential for use agricultural biomass in generating energy, is a challenge for 
experts, primarily because assessments can be performed in different ways, and certain data are not comparable to 
the same extent as others, since they are adapted to national contexts.  

Based on the result that 73% share of arable land in the total land, comparative analysis ranks Vojvodina first 
among selected regions of the EU. It is followed by the Central region of France (59%) and neighbors: Northwestern 
region of Romania (57%) and Southern Great Lowland of Hungary (52%). (Table 1). 
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Having in mind the fact that cereal production is one of the most dominant and most important segments of 
agricultural production in the world, in addition to being the basis for food security of the population, it represents a 
significant potential in the post-harvest residuals that can be used for their conversion into energy. After analyzing 
cereal production by selected regions, Vojvodina takes second place, after the Central region of France (8.8 million 
tons), which is also the largest area among the selected regions. If the production of cereals is analyzed per 
agricultural arable land of a region, Vojvodina (3.95 t ha-1) exhibits the second greatest agricultural potential in 
biomass, immediately after the Veneto region.  

The level of development of regional agricultural activities is also influenced by the number and structure of 
agricultural holdings (Paraušić, Cvijanović 2014). A region that has a smaller number of holdings with a higher 
average utilized area is considered a more developed region. Vojvodina has around 150,000 registered holdings, with 
average area of about 11 ha in contrast to the rest of Serbia, where the average is around 4-5 ha. After analyzing the 
results obtained through comparative analysis of selected regions based on the above factor, it was concluded that 
Vojvodina still has a large number of small farms. According to this parameter, the Northwestern region of Romania 
is ranked last with about half a million holdings, while the leading regions (Germany, France, Austria) has ranked as 
the best in analysis. Surprisingly, in the Czech Republic they have recognized this advantage, resulting in a small 
number of farms that are over 150 ha in average size and occupies the 1st place in this analysis. However, if holdings 
larger than 100 ha are the subject of a comparative analysis, Vojvodina positively displays its comparative advantage 
and it is at the second place, between the Central region of France and Germany's Brandenburg. Farms in the region 
of Vojvodina (over 100 ha) are primarily cultivated by corn and wheat. On the other hand, if we observe the average 
size of farms, the region of Vojvodina with the average of 11.4 ha is located in the middle of the selected regions. 
According to this parameter, the regions of Brandenburg in Germany, Central Bohemian Region and the French 
Central region have the most important advantage. 

 
Table 1. Parameters of comparative analysis for selected regions of EU and Vojvodina 
 

Parameters 
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Area (mill. ha) 1,98 1,10 2,95 1,88 3,92 3,19 1,83 1,83 1,92 3,42 2,15 
Population (million) 1,1 1,3 2,5 1,9 2,5 2,9 4,9 1,3 1,7 2,6 1,9 
Arable land (000 ha) 360 279 514 352 1.250 486 403 627 79 477 1.466 

Share of arable land in total 
(%) 28,3 49,7 45,3 39,0 58,6 25,4 44,9 52,2 23,8 57,4 73,4 

Cereal production 2014 
(million t) 1,44 1,79 3,28 1,49 8,80 2,96 3,50 3,32 0,79 1,96 5,70 

Average cereal production 
2014 (t ha-1) 2,57 3,27 2,46 2,03 3,83 3,65 4,27 3,47 1,73 1,00 3,95 

Number of LSU 2013 (000) 183 243 736 337 678 778 1.366 649 526 720 598 
Animal production 2015 

(000 cattle) 105,5 146,6 561,9 181,3 628,0 423,1 831,3 169,0 322,9 359,2 247,1 

Number of households 
2013 (000) 36,8 3,5 5,4 100,4 23,2 120,4 85,2 106,4 30,7 499,9 147,6 

Number of holdings over 
100ha 1.250 810 2.100 360 10.410 1.000 860 1.680 140 1.380 5.244 

SO of holdings 2013 
(million €) 601 767 2.103 1.502 3.550 1.748 5.388 1.427 1.110 1.584 1.776 

Holdings that produce 
renewable energy 0 30 270 10 60 - 160 10 990 0 - 

Average size of households 
(ha) 12,8 183,0 237,6 6,3 92,2 7,0 6,8 8,7 12,0 3,4 11,4 

Source: Eurostat, The Statistical Office of Serbia, Croatian Bureau of statistics 
If we look at the total production value of holdings in a particular region called Standard Output (SO), which 

represents the annual sum of the cash value of agricultural holdings production, the Vojvodina region with 1776 
million of euros is remarkably ranked fourth in the comparative analysis of the selected regions.  

Development of holdings’ production in EU countries has been aimed at using agricultural residues for energy 
generation. European statistics, as well as the competent institutions of the Republic of Serbia, did not have the data 
for Croatian and Serbian regions for this parameter during the research period. 
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The Republic of Serbia, and primarily the region of Vojvodina, has favorable natural conditions for the 
development of animal husbandry, owing to available high quality agricultural land and significant unused facilities 
for keeping livestock, left over from the years that preceded transition and privatization. Although these facts are in 
favor of the development of animal husbandry, this branch has been recording negative trends for more than 20 
years. Number of livestock unit, which should be around the optimal 1 livestock unit ha-1, in Serbia is at around 0.3. 
According to The Statistical Office of the Republic of Serbia, number of livestock unit in 2015. in Vojvodina was 
about 0,6 millions. A large number of small manufacturers primarily engaged in production for their own use, is still 
predominant, which prevents intensive development of animal husbandry. In cattle raising, the most important 
branch of animal husbandry, herd size of 1-2 livestock units represents about 70% of farms in our country. 
Households with less than 10 dairy cows make up 95% of the total number of farms, while those with over 30 cows 
account for merely 0.2% of the total number of farms. The average number of cattle in Serbia has been in continuous 
decline compared to the 80’s of the last century, and this is the worst indicator of the situation in our animal 
husbandry activities. However, in Vojvodina, the number of cattle in 2015 compared to 2001 increased by 15%. 
According to these criteria, the region of Vojvodina takes seventh place. 

Based on all results of the study, it is evident that Vojvodina takes significantly fifth place, between some 
developed regions of EU – Veneto and Hungarian Low Land. Intensive animal husbandry is a parameter of 
developed agricultural activities. Since it is still on a significantly low level, it can be concluded that efforts should 
be concentrated on instruments that will lead to the development of this industry, resulting in figures reminiscent of 
those in the 80’s, when the number of livestock was much higher than today.  

Based on analysis of each indicator, comparing the results for selected regions by ranking, the following results 
were obtained and presented in the next table (Table 2). 

 
Table 2. Total rank of selected regions  
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Rank 1 2 3 4 5 6 7 8 9 10 11 
Borda count  

points 97 91 74 68 66 64 60 58 57 50 47 
Source: author's own calculations 

 
Based on obtained results, it can be concluded that Vojvodina occupies an important position among the selected 

regions of the European Union, in terms of the potential of agricultural biomass, since it is ranked fifth with a total 
sum of 66 points, after bigger and more developed regions: Central region of France, Brandenburg, Central 
Bohemian region, and Veneto.  

 
CONCLUSION 

 
Based on the results obtained in this study, it can be concluded that the region of Vojvodina has significant 

biomass potentials from agricultural production. After interpreting the research results, the manner of implementing 
biomass potentials through investments in plants for biomass processing and energy generation on the territory of 
Vojvodina, can be established. 

Energy independence and energy secure supply represents an important factor in social and economic stability of 
the economy, whereas the development of the domestic energy market in Serbia, along with attracting new 
investments, is a key factor in achieving a competitive national economy. By using its own biomass, along with other 
types of renewable energy, Serbia can increase its energy independence. The above activities must be accompanied 
by financial capacity of government institutions and organizations for financing energy efficiency measures, 
development of production, and using modern production technologies and equipment. Previous research in this field 
shows that in the majority of cases in Serbia, production costs of bio-energy per unit are greater than energy prices 
prevailing in the market, which begs the question of whether investing in plants for biomass processing is 
economically justified. Due to the above reasons, generation of energy from renewable sources has been supported 
by the state through various forms of incentives, benefits and subsidies (feed-in tariffs). 

Previous negligible use of biomass has primarily been caused by a low energy value of biomass per unit of 
transport volume and prominent spatial dispersion. It is necessary to analyze not only the economic, but also the 
environmental and social effects that the development of this branch of economy can have on local communities, 
especially those located in distinctly rural areas.  
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POTENCIJALI POLJOPRIVREDNE BIOMASE: KOMPARATIVNI PREGLED ODABRANIH 
REGIONA EU I REGIONA VOJVODINE 

 
Petrana ODAVIĆ, Dragan MILIĆ, Vladislav ZEKIĆ, Nedeljko TICA 

 
 

 
Izvod Obzirom da su se države članice EU do 2020. godine obavezale na smanjenje emisija gasova staklene 

bašte za 20% ispod nivoa iz 1990. godine i da iskazuju visoku uvoznu zavisnost od nafte i naftnih derivata, što 
uzrokuje nestabilnost snabdevanja energijom, sve više se daje prednost obnovljivim izvorima energije. S obzirom na 
tekući pretpristupni proces Republike Srbije ka EU, kako bi se utvrdila sposobnost zemlje da poveća udeo korišćenja 
energije iz obnovljivih izvora, u ovom radu izvršeno je grupisanje odabranih regiona u EU-28, nakon čega je 
izvršena komparativna analiza regiona u smislu potencijala poljoprivredne biomase, u cilju generisanja energije. 

Cilj ovog rada je da se utvrdi na kom nivou se nalazi region Vojvodine u odnosu na deset odabranih regiona EU 
po osnovu parametara koji utiču na potencijal za korišćenje obnovljive energije, pre svega ostataka iz poljoprivrede. 
Primenom metoda k-srednjih vrednosti, metoda borda i komparativne analize, a na osnovu emprijiskih podataka, 
rezultati su pokazali je da region Vojvodine zauzima u proseku značajno 5. mesto. Po učešću poljoprivrenog 
zemljišta nalazi se na 1. mestu, a po proizvodnji žitarica i ukupnom broju gazdinstava iznad 100 ha veličine na 2. 
mestu. Može se zaključiti da Vojvodina predstavlja poljoprivredno područje sa velikim količinama biljnih ostataka, 
prvenstveno onih preostalih od žetve, što predstavlja značajan potencijal za proizvodnju energije iz poljoprivredne 
biomase. 

 
Ključne reči: obnovljiva energija, biomasa, potencijali, komparativna analiza 
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