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Abstract—The potential of biomass as a renewable energy source 

leads Serbia to be the top of European countries by the amount of 
available but unused biomass. Technologies for its use are available 
and ecologically acceptable. Moreover, they are not expensive high-
tech solutions even for the poor investment environment of Serbia, 
while other options seem to be less achievable. From the other point 
of view, Serbia has a huge percentage of unused agriculture land. 
Agricultural production in Serbia languishes: a large share of 
agricultural land therefore remains untreated, and there is a 
significant proportion of degraded land. From all the above, biomass 
intended for energy production is becoming an increasingly important 
factor in the stabilization of agricultural activities. Orientation 
towards the growing bioenergy crops versus conventional crop 
cultivation becomes an interesting option. The aim of this paper is to 
point out the possibility of growing energy crops in accordance with 
the conditions and cultural practice in rural areas of Serbia. First of 
all, the cultivation of energy crops on lower quality land is being 
discussed, in order to revitalize the rural areas of crops through their 
inclusion into potential energy sector. Next is the theme of throwing 
more light on the increase in the area under this competitive 
agricultural production to correct land use in terms of climate change 
in Serbia. The goal of this paper is to point out the contribution of the 
share of biomass in energy production and consumption, and the 
effect of reducing the negative environmental impact. 

 
Keywords—Agro-energy crops, conditions for plantation, 

revitalization of rural areas, degraded and unused soils. 

I. INTRODUCTION 

NERGY crops are increasingly gaining in importance 
around the world, in response to the need to reduce the 

amount of harmful gases in the atmosphere and mitigate the 
consequences of greenhouse effects [1]-[4]. Biomass as a 
source of energy, and it is similar to renewable energy sources 
such as water, solar energy, or wind. It is considered carbon-
neutral because it does not release additional CO2 [5], [6]. The 
main incentive for developing bioenergy crops was achieved 
through the adoption of the Kyoto protocol on climate change 
and reducing gas emissions and the greenhouse effects in 
1997[7], [8]. Serbia has ratified this Agreement in 2008.  

The current status of the sector of renewable energy sources 
in Serbia is referred to as a category of unused [1], [9], 
although Serbia has good potential for the development in this 
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field [10]. One of the key moments in the development of 
renewable energy sources was the adoption of the action plan 
for biomass (2010) by the government of Serbia [11], which 
defines activities that will contribute to the use of biomass as a 
renewable energy source, followed by the national action plan 
for renewable energy of Republic of Serbia (2013), which sets 
targets for the use of renewable energy sources by 2020 [12]. 

Agriculture in Serbia is characterized by a large share of 
agricultural land which is not being cultivated. Also, the 
proportion of degraded agricultural land is not negligible. The 
production of energy crops may become an important factor in 
improving the socio-economic situation in rural areas. 
Although the rapid development and expansion of these crops 
is under harsh criticism and doubts in its validity and 
economic feasibility [2], the last two decades have been 
marked by establishing a large number of plantations in the 
Western European countries, while this trend has been 
increasingly expanding into the region of Eastern Europe and 
the Balkans [13]. 

The aim of this study is to evaluate the possibilities of 
growing agro-energy crops under the conditions and agro-
technology in rural areas of Serbia. First of all, the cultivation 
of energy on lower quality land is being discussed, in order to 
revitalize rural areas through their inclusion in the energy 
sector. 

II. MATERIALS AND METHODS 

This paper presents a general analysis of the Miscanthus 
plantations (Miscanthus × giganteus). They were selected 
because they have given good multifunctional results on the 
European continent. 

For the purposes of the research, research was done on the 
plantation of 5 ha on degraded agricultural land in the village 
Noćaj (Sremska Mitrovica, Serbia), the experimental 
production of Miscanthus × giganteus in the experimental plot 
of 0.05 ha in Vršac (Serbia) in the framework of the Ministry 
of Education, Science and Technological Development, No 
TR 31078, and the production in the experimental plot in Pčinj 
(Serbia). 

A comparative analysis of the experiences throughout the 
countries of Western Europe, according to available literature 
data, was used. 

The potential of growing this crop in Serbia was assessed, 
compared to available less suitable farmland and climate 
factors. 
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III. RESULTS AND DISCUSSION 

A. The Condition of Renewable Energy Sources Sector in 
Serbia  

Hit by a delay in maintenance, investment and war activities 
throughout the last decade of the 20th century, the energy 
sector in Serbia is characterized by a high share of energy 
from non-renewable sources of energy and very high energy 
inefficiency. Manufacture of electrical and thermal energy 
takes place still in the high percentage of plants that are 
characterized by a relatively high level of emissions of 
greenhouse gasses [2].  

According to the research on woody biomass due to the 
methodology FAO, the estimated total potential of biomass in 
Serbia is 3,389,223 toe [10], of which around 1.1 Mtoe is 
already used while 2.3 Mtoe is unused [12]. The gross final 
energy consumption shares of thermal energy from biomass in 
2009 was around 11.5%, while the planned growth by the year 
2020 is at 17.5%. [12]. 

In terms of energy, the most exploited is woody biomass. It 
is an important source of energy for individual households, on 
the other hand, unplanned exploitation has produced a number 
of landslides and erosion areas. A very important source of 
biomass is plant biomass in agriculture, especially plant 
residues from plant, fruit and grape production, but the energy 
crops increasingly gain in importance, particularly on 
limitedly suitable or degraded agricultural land. 

B. Energy Crops 

According to the modern agronomic classification, energy 
crops represent a new group of field crops, which would be a 
response to the need to reduce a number of harmful gasses in 
the atmosphere [14] and mitigate the consequences of the 
greenhouse effects. Productive organs of these plants, usually 
above ground biomass, emit into the atmosphere, by burning, 
less harmful gasses than fossil fuels [15].  

As energy crops are most commonly used wild or cultivated 
perennial grass family representatives, which during one-year 
and multi-year lifecycle form large aboveground biomass. 
Produced biomass is used for energy purposes in several ways, 
such as solid fuel, whole or in the form of briquettes [2], [8]. 
Since biomass is rich in nitrogen-free extractive substances 
(NFES), it is used for the production of bioethanol. Although 
these plant species grow as wild, most of them after the 
selection and breeding in accordance with certain procedures, 
are adapted for commercial production. In highly developed 
countries of the world, these kinds occupy larger and larger 
areas, exclusively on soils that are not suitable for intensive 
arable production. This type of crops requires minimal energy 
for its production and use [16]; systems of cultivating crops 
for biomass must have low energy inputs compared to the 
outputs. 

According to the research in Western Europe for the 
production of bioenergy, the best results were given by the 
species Miscanthus (Miscanthus × giganteus Greef et Deu), a 
plant that is characterized by high photosynthetic activity. It 
comes from Asia, and in the 30s of the twentieth century [17], 

it was brought to Europe from Japan. A sterile hybrid, 
horticultural genotype Miscanthus × giganteus Greef et Deu, 
was singled out by Axel Olsen in 1935, noting its very strong 
growth [18]. 

Main characteristics: High yield potential per hectare 
(experiments conducted in Northern Europe since 1983 have 
shown the capacity for high yields of over 20 t of dry weight 
ha-1 per year) [8], the net energy yield ranges from 152 to 326 
mg/ha per year [2], require only a cultivation activity - 
preparation for planting, during the term (10-20 years) the 
inputs of nitrogen (N) are minimal[19], [20], it can be grown 
on degraded soils [21] and soils below the power lines, after 2-
3 years it can be replanted from rhizomes[2]. 

C. The Assessment of Conditions for the Development of 
Energy Crop Plantations 

In terms of energy crops growing, views on expansion, i.e. 
the takeover of agricultural land for the production of energy 
crops, are divided, as this will reduce the surface area of food 
production so it is being increasingly worked on the research 
of this type of cultivation of field crops on less favorable or 
degraded agricultural land. 

Land in the Republic of Serbia is very diverse as a result of 
the great heterogeneity of the geological structure, climate, 
vegetation, and micro-fauna. About 55% of agricultural land is 
made of the land which is generally not suitable for processing 
or can be processed with significant limitations. 

As for the data on the quality of land in Serbia (excluding 
Vojvodina) degraded land can be considered as first class land 
and it includes about 29% of the territory, mainly agricultural 
land [22]. In Vojvodina, in recent decades, there has been a 
negative trend of humus content in the soil, but the most 
critical are the regions of Srem and South Bačka. 

A large part of the arable land is acidified (more than a 
quarter of the surface), as a result of the uncontrolled use of 
chemicals, while in Vojvodina part of the surface is also 
salinized (14%). 

According to the census of agriculture 2012 in the Republic 
of Serbia [23], the total agricultural land covers a total of 
about 5 million ha, of which less suitable farmland covers 
242,000 ha. The estimated area of unused agricultural land is 
about 424,000 ha - of which about 7% of the arable land. 

Total utilized agricultural land in Serbia is 3,355,859 ha 
(1,598,065 ha in Vojvodina) of which 2,816,424 ha is owned 
by family holdings (1,174,142 ha in Vojvodina). The largest 
share is of the fragmented agricultural holdings (47% and 2 
ha), holdings of 2-5 ha account for 29% and more than 5 ha to 
34%. On the territory of Vojvodina is conducted intensive 
agricultural production with the dominant sowing areas under 
maize and wheat (1.5 million ha). In Central Serbia, maize is 
also a present sowing unit; however, unlike the territory of 
Vojvodina, in central Serbia, there is a large share of 
abandoned agricultural areas that are potentially interesting 
areas for planting energy crops [10]. Most abandoned or 
unused agricultural land is in Districts Pčinja and Pirot, but 
limitations could be due to the altitude and climatic factors. 
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In the last decade, there has been a significant increase in 
plantation establishment of agro-energy crop Miscanthus × 
giganteus: about 8,000 ha in Poland, about 6,000 ha in 
Austria, in Germany 40,000 ha, 20,000 ha in France, in 
Romania over 10 plantations have been established since 
2007. In the UK, according to available reports, 12700 ha is 
planted with this plant [8]. 

In the Republic of Serbia, the plantations are established on 
degraded agricultural land (5 ha) in Noćaj (Sremska 
Mitrovica) [2], [24] and 2 ha in Paraćin [2], non-degraded 
agricultural land in Vršac (0.5 ha) [25]. 

D. Economic Viability  

Costs are in function of local and individual operating 
conditions, but production technology and items that produce 
costs are known and exact. 

The establishment of 1 ha of Miscanthus crop is about 
2,500 € in the first year [2]. The crop lasts up to 20 years [26], 
of which 15-18 years of utilization. The main phase of 
biomass exploitation is 15 years of the vegetative period [1-2], 
[4], [27]; a highest yield of biomass achieved at the age of 6-8 
years [28]. 

Regarding the yield per hectare for Miscanthus, according 
to literature data the maximum yield in the fall is from 10-30 
t/ha per year [29]. On the plantation in Noćaj (Sremska 
Mitrovica), established on degraded agricultural land (5 ha), 
the biomass yields in the fourth year amounted to 16.83 t/ha. 
Savings are reflected in the cost of replanting. The purchase 
price of biomass in the current market conditions is about 60 
€/t. 

In addition to the above parameters relating to the planting 
and purchase of biomass, we should not neglect the production 
of planting materials (rhizomes). Calculations carried out in 
the case of Miscanthus show that one of planted middle-class 
rhizome, after the third year, on average, develops to 50 new 
rhizomes (on degraded land with less available moisture to 30-
40, on non-degraded land with enough available moisture to 
60-70 quality rhizomes). Prices range of rhizomes goes from 
0.15 to 0.17 €. 

E. Climatic Conditions for the Optimal Development of 
Miscanthus 

In terms of the optimal conditions, late spring frosts are not 
appropriate for this plant, the optimum temperature at which 
growth begins is 6 °C [30] that means the annual temperature 
which does not exceed below 7 °C. 

Serbia has a moderate continental climate. There are three 
climate areas: continental, moderate continental and altered 
Mediterranean. The average annual temperature for the area 
with the altitude up to 300 m is 10.9 °C, and for areas with an 
altitude of 300 m to 500 m around 10.0 °C. 

Establishing plantations on an area of over 700 m above sea 
level and areas with a large number of snow days is not 
recommended for the optimal growth and yield. 

IV. POSSIBILITIES FOR RURAL AREAS 

On a significant number of abandoned and degraded 
agricultural areas that are fragmented and held by households 
it is possible to establish energy crops, which will improve the 
socioeconomic status of local farmers. 

Rural areas in a large percentage are characterized by a 
reduction in population and the increasing proportion of 
uncultivated land, i.e. drastically reduced agricultural activity. 
Orientation towards bioenergy crops growing versus 
conventional crop cultivation becomes an interesting option. 

For fragmented farms (up to 2 ha) - the previously derived 
indicators may be an uninteresting option if the household 
dominantly chooses only the cultivation of energy crops 
without an extensive network of purchase, and dominantly 
only in this segment. However, as a supplementary activity for 
agricultural farms, on reduced fertility soil, limited suitable or 
abandoned possessions of up to 500 m above sea level, the 
depopulation of the area could be stopped and agricultural 
farms could be revitalized. In addition to using it as an energy 
source, Miscanthus × giganteus can be used to obtain a wide 
range of products such as paper pulp, building materials, 
geotextiles, fiberboard, cellulose derivatives, and others [1]. 

Large areas in Srem and Bačka are in the category of 
degraded agricultural land, but farmers increasingly only 
maintain the existing balance in the atmosphere of general 
economic crisis and the inability to cope with all the problems 
of modernization and competition in the market. Considering 
the fact that perennial plantings require minimal maintenance 
and investment, it is absolutely justified to consider the 
repurposing of certain areas or crops on a limited suitable 
land.  

The evident climatic changes should be taken into 
consideration. On average, temperature in Serbia has increased 
from 1951 to the present day about 1.4 °C. According to 
climate scenarios for Southeast Europe by 2070, the increase 
of the average temperature is about 2.4-2.8 °C [31], and 
changes in the distribution of precipitation are expected [32]. 
The increase in temperature is not a limiting factor for the 
development of this energy crops, but the re-arrangement of 
rainfall may affect the need for additional irrigation. 

V. CONCLUSION 

Bearing in mind the objective to increase the share of 
energy use from biomass, especially in the heating and cooling 
sector, the development agro-energy crops plantations would 
provide a significant contribution. 

On a significant number of abandoned and degraded 
agricultural areas that are fragmented and in the private 
possessions, it is possible to establish energy crops, which will 
improve the socioeconomic status of local farmers, the 
revitalization of rural areas and their integration in the energy 
sector. 

One of the important functions of growing cultures of this 
type, except the production of biomass as a renewable and 
environmentally friendly energy source, is that these are 
alternative ''agricultural'' cultures, which allow putting into 
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function the available land on which cannot be grown food, or 
where food is not grown. Also, opportunities for soil 
remediation are being opened, and significant contribution is 
in binding the increased amounts of atmospheric CO2 and the 
reduction of greenhouse gas emissions. 
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