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ABSTRACT 
Utilization of agricultural crops for the production of bio-diesel and bio-ethanol is continually growing with the rate of 20-30% 

at the annual level, regardless of the global economic crisis. Also, utilization of various annual and perennial grasses is widely pro-
moted. In the last few years, an intensive investigation is in progress of pyrolytic fluids obtained from various plant species and of 
their refinement, which should provide a significantly more efficient substitution of mineral fuels in small to large scale power gen-
eration systems. It is expected that the government, similarly to the governments of EU members, promote bio-energy crop cultivation 
in Serbia through certain subventions. Together with the profit, it is estimated that the possibility of realization of a high level energy 
independence of farms will be one of the main motives for the future utilization of these crops in Serbia. 
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REZIME 
U svetu, široku primenu ima korišćenje tradicionalnih bioenergetskih useva, pre svega slame žitarica i drvne mase. Upotreba 

ratarskih useva za proizvodnju biodizela i bioetanola beleži neprekidni rast po stopi od 20-30% na godišnjem nivou, bez obzira na 
ekonomsku krizu u Svetu. Takođe, široko se promoviše i korišćenje različitih vrsta jednogodišnjih i višegodišnjih trava, od kojih se, 
po kvalitetu biomase, posebno izdvaja miskantus (Miscanthus×giganteus Greef et Deu.). Poslednjih godina intenzivno se istražuju 
pirolizne tečnosti dobijene od različitih biljnih vrsta i njihova rafinacija, kojim bi trebalo da se obezbedi znatno efikasnija 
supstitucija mineralnih goriva u energetskim sistemima male do velike snage. Površine pod bioenergetskim usevima su u 
neprekidnom porastu i sa marginalnih i zemljišta niske plodnosti sve češće se prelazi na njihovo gajenje na visoko-produktivnim 
zemljištima, pre svega zbog ostvarivanja većeg profita. Korišćenje bioenergetskih useva u Srbiji inicijalno je podstaknuto 
istraživanjima finansiranim od strane Mistarstva za nauku i tehnološki razvoj. Prisutan je interes za korišćenje ovih useva za 
pojedina poljoprivredna gazdinstva i individualna domaćinstva u ruralnom području. Očekuje se da država, poput zemalja članica 
EU, kroz određene subvencije podstakne gajenje bioenergetskih useva u Srbiji. Pored ekonomske koristi, procenjujemo da će 
mogućnost ostvarivanja visokog nivoa energetske automonije poljoprivrednih gazdinstava biti jedan od glavnih motiva za buduće 
korišćenje ovih useva u Srbiji. 

Ključne reči: slama žitarica, drvna masa, bioetanol, biodizel, miskantus. 
 

INTRODUCTION 
The main stimulant for the development and spreading of 

bio-energy crops is introduced through the ratification of the 
Kyoto protocol (1997) concerned with climate changes and the 
decrease of gas emission and the greenhouse effects. Plant bio-
mass represents a stored energy which may be utilized if neces-
sary. The great global interest in bio-fuels may me explained by 
the fact that they represent a potential that decreases a country’s 
dependence on the import of oil derivatives, decreases CO2 
emission and contributes to the development of rural communi-
ties economy (Oljača et al., 2007). Bio-energy crops are grown 
with the specific purpose of utilizing their parts or the whole 
plant mass for the production of liquid or solid fuels, as an alter-
native to fossil fuels. Utilization of this energy is favorable for 
the environment because it originates from continually renew-
able energy sources.  

MATERIAL  
Both developed and developing countries encourage utiliza-

tion of the existing traditional or local bio-energy crops, as well 
as the investigation and development of new technologies and 
procedures of their utilization. With regard to the traditional bio-
energy crops, crop straw and wood mass have a wide applica-
tion. Due to their high productivity (appropriate yield of the dry 
matter per the surface unit and per year) and due to their high 
potential for CO2 substitution, the utilization of crops as solid 
fuels is interesting. The whole crop, as well as the individual 
fractions of grains and straw may be utilized for combustion. 

Maize is one of the most important naturally renewable sources 
of carbohydrate raw materials, energy and series of diverse 
products (Radosavljević, 2007). Maize is the main raw material 
for the production of ethanol, and rapeseed of biodiesel. 

Forest plantations with a great number of plants (short rota-
tion coppices) which represent a uniform, locally available raw 
material of fast growing deciduous wood species are widely 
promoted. The plantations consist mainly of densely planted wil-
lows or poplars, which are harvested usually every 3 years. The 
root remains in the soil after the harvest and next spring new 
sprigs emerge from it. By the direct combustion of the biomass, 
by shredding or chipping of the whole trunks, together with the 
bark and branches, a significant level of heating energy may be 
achieved. 

A great number of investigations have been carried out 
worldwide, mostly of grasses as potential energy crops. The spe-
cies that are most convenient for cultivation and have the highest 
bio-energy yield are: Panicum virgatum L., Phalaris arundina-
cea L., Arundo donax L. and Miscanthus×giganteus Greef et 
Deu. (Dželetović et al., 2007). In Europe, the cost of cultivation 
and expansion of these crops depends mainly on local 
agroecological conditions, the characteristics of their cultivation 
and proximity of the markets. Miscanthus (Figure 1) is, for ex-
ample, a very high C4 grass, with potentially high yield. The 
plantation is long-standing (15-20 years) and it is harvested each 
year. Miscanthus straw has good combustion quality, and be-
cause of the specific characteristics, it is convenient for briquet-
ting (Michel et al., 2006).  
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Fig.1. Miscanthus×giganteus Greef et Deu. 

RESULTS  
Utilization of agriculture crops for the production of bio-

diesel and bio-ethanol is continually growing with the rate of 20-
30% at the annual level, regardless of the global economic crisis. 
According to the data by FAO, in the world 52 × 109 liters of 
ethanol were produced for fuel in 2007, three times more than in 
2000. The major producers are: U.S. (27 × 109 liters) and Brazil 
(19×109 liters). 

Global biodiesel production in 2007 was of the order of 
10×106 tons, and in 2008 it was of 13.5×106 tons, with the EU 
countries as the most important producers (Knight, 2010). In EU 
countries, the annual rate of production of biodiesel ranges from 
15 to 65% (Figure 2). By 2006, the participation of Germany in 
the total production of biodiesel in the EU amounted to >50%. 
After that, the production of biodiesel in Germany has been 
stagnant, but this is because it has increased significantly in 
other countries. 
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Fig. 2. Biodiesel production in EU countries (according to: 

Еuropean Biodiesel Board) 
 

Maize had the high yields of ethanol and a high energy bal-
ance, but with low energy efficiency, due to high energy costs, 
of which nitrogen was responsible for 67 % (Ortega-Blu et al., 
2010). Raps (Brassica napus L.), however, had higher energy 
balance than that of maize and showed better sensitivity to pri-
mary energy cost (Ortega-Blu et al., 2010). More favorable en-
ergy balance is the property of P. virgatum, P. arundinacea, A. 
donax and M.×giganteus, which justifies the examining of their 
biomass use for other purposes besides the combustion. In addi-
tion, the plots under these bio-energy crops are continually in-
creasing and from marginal and infertile soils these crops are 
increasingly transferred to highly productive soils, primarily for 
the purpose of obtaining higher profit.  

In the last few years, an intensive investigation is in progress 
of pyrolytic fluids obtained from various plant species and of 

their refinement, which should provide a significantly more effi-
cient substitution of mineral fuels in small to large scale power 
generation systems. Pyrolysis liquid, commonly referred to as 
‘bio-oil’, constitutes a microemulsion of the intermediate degra-
dation products of the plant cell wall polymers cellulose, hemi-
cellulose, and lignin (Bridgwater, 2007). Pyrolysis liquid repre-
sents a low cost liquid biofuel with a positive carbon balance, 
capable of providing a substitute for mineral fuel oils with poten-
tial to be used in small to large scale power generation systems 
(Brammer et al., 2006; Chiaramonti et al., 2007). In terms of its 
use in a bio-refinery system, a wide range of products may be 
refined from biomass derived pyrolysis liquids including sugars, 
agrichemicals, food flavorings, adhesives, fuel additives, and 
emission reduction agents (Radlein, 1999). However, the range, 
quantity, and quality of achievable products depends greatly on 
the type and composition of the biomass feedstock used 
(Boateng et al., 2006; Fahmi et al., 2007). 

For conversion via fast-pyrolysis, feedstock quality criteria 
depend on whether the pyrolysis liquid product is to be used di-
rectly as a fuel or as an intermediate product in a bio-refinery. In 
both cases, the composition of the feedstock greatly influences 
the characteristics of the pyrolysis liquid and the range of prod-
ucts which can be subsequently refined (Fahmi et al., 2008). The 
low-N fertilizer treatment produced high quality, low ash–high 
lignin biomass most suitable as a feedstock for thermo-chemical 
conversion (Hodgson et al., 2010). The presence of high ash 
concentrations in the feedstock has also been shown to confer 
poor thermal stability to the liquid product (Fahmi et al., 2007, 
2008; Pottiya et al., 2008) and a reduction of its heating value. 
The thermal stability greatly affects the duration for which pyro-
lysis liquids can be stored. 

DISCUSSION  
The area under energy crops has increased tenfold over the 

last 10 years, and there is large consensus that the demand for 
energy crops will further increase rapidly to cover several mil-
lions of hectares in the near future (Zegada-Lizarazu and Monti, 
2011). There is substantial evidence in this that a rapid expan-
sion of liquid biofuel production from food crops has an upward 
effect on food prices (Walsh et al., 2003; Johansson and Azar, 
2007). Another effect linked to a rapid expansion of biofuel pro-
duction based on food crops is the emergence of additional land 
claims for food production, following from the relative inelastic-
ity of demand for food (Searchinger et al., 2008). The additional 
land claims lead to the replacement of nature by arable land, 
which in turn has major impacts on the greenhouse gas balance 
of biofuels and on biodiversity (Brahmbatt and Christiansen, 
2008; Danielsen et al., 2009). 

The variations of potential yields and production costs may 
be great, both at the national level, and within individual regions 
(Bauen et al., 2010). According to FAO estimates for the period 
to 2017, the market price of ethanol should be stabilized at 0.50 
to 0.55 USD per liter, and biodiesel from 1.0 to 1.1 USD per li-
ter. Ericsson et al. (2009) found the calculated energy crop pro-
duction costs to be consistently the lowest for short-rotation 
coppice crops and the highest for annual straw crops. The pro-
duction costs of short-rotation coppice crops were calculated by 
Ericsson et al. (2009) to be about 4-5 EUR GJ-1 under present 
conditions and 3-4 EUR GJ-1 under improved future conditions. 
The production costs for perennial grasses (like P. virgatum, P. 
arundinacea, A. donax and M.×giganteus) were calculated to be 
about 6-7 EUR GJ-1 and 5-6 EUR GJ-1 under present and im-
proved future conditions, respectively. The production costs for 
annual straw crops were estimated to be 6-8 EUR GJ-1 under 
present conditions, with small potential for cost reductions in the 
future (Ericsson et al., 2009). The critics, therefore, indicate the 
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potential social problems, ecological consequences, as well as 
increasing food prices. 

Biomass as fuel is a readily available, renewable, technically 
and environmentally friendly source of energy. However, its use 
was linked to the specific deficiencies (Јanić et al., 2010): peri-
odic occurrence of biomass, branching in space, difficulty col-
lecting, packaging and storage, which is caused by low fill 
weight, a small thermal power reduced on a unit volume and 
high moisture content, and investment costs for construction of 
biomass are higher than those for conventional combustion en-
ergy. The above problems can largely be avoided or their impact 
reduced, if the biomass is compressed in the form of pellets and 
briquettes. True, for these processes extra energy is spent for 
grinding, if necessary, drying, compaction and cooling, but the 
final balance of invested and available energy is significantly 
positive (Јanić et al., 2010). 

In EU countries, due to the linking to primary energy costs, 
an increase of profit from agriculture is expected, because en-
ergy cost increase will also increase the prices of agricultural 
products. At that, the food production will not be decreased sig-
nificantly, and the energy production that will replace the pri-
mary agricultural production will not open new jobs. The inten-
sive use of the existing and new energy crops could bring about 
a greater multi-functionality of agriculture, as well as compara-
tive cost/benefit stability of agriculture and encourage the rural 
development (Dželetović et al., 2010). Large-scale commercial 
bio-fuels which would contribute to sustainable development 
will require agriculturally sustainable methods and markets that 
provide enhanced livelihood opportunities and equitable terms of 
trade (Sagar and Kartha, 2007). On the other hand, the results 
indicate that the application of highly efficient agriculture sys-
tems, in combination with geographic optimization of land utili-
zation, may decrease the area necessary for the global food pro-
duction until 2050 to almost 72% of the existing area (Smeets et 
al., 2007). 

The interests concerning bio-fuel production are contradic-
tory. Besides, external factors may exert the crucial influence on 
the development of national bio-fuel programs (Lakner et al., 
2008). Bio-energy may yield a positive contribution to climate 
issues and to rural revitalization. However, if not implemented 
successfully it may worsen the soil and water degradation, as 
well as cause ecosystem degradation. It may also reduce food 
production safety and increase the emission of greenhouse gases 
(Sagar and Kartha, 2007). Because of this, the aim of energy 
management policy must be focused on the decrease of energy 
consumption, introduction of new energy sources, increase of the 
extent and the quality of agriculture production and the lower 
environmental pollution; i.e. lower production costs. 

Utilization of bio-energy crops in Serbia  
One of the numerous challenges awaiting Serbia in the proc-

ess of European integration is the increase in use of renewable 
sources of energy. The reason for such an increase is not merely 
a formal acceptance of European goals but the high energy im-
port dependence, a relatively developed agricultural sector, with 
insufficiently exploited potentials of biomass, accompanied by 
an ever-growing awareness of the need for establishing long-
lasting sustainable development (Zekić et al., 2010). Utilization 
of bio-energy crops in Serbia was initially promoted by the in-
vestigations supported by the Ministry of Science and Techno-
logical Development. The production of energy by cultivation of 
appropriate bio-energy crops may contribute significantly to the 
building of multifunctional agriculture in the countries like Ser-
bia. The current comparatively marginal impact of bio-energy 
crop is being gradually surpassed by a continual growth of bio-
fuel production and thus by increasing of the participation of the 
areas under bio-energy crops in the total area under agricultural 

crops. Thus, rapeseed production in Serbia is characterized by an 
increasing trend, as a result of positive price signals from inter-
national market (Popović et al., 2010).  

Serbia has a relatively undeveloped livestock sector which 
can absorb a limited portion of the biomass produced. Addition-
ally, insufficient awareness on the part of farmers and the pre-
conception of the low cost-effectiveness of biomass utilization 
for the purpose of energy production are factors which, unsur-
prisingly, contribute to the current practice of burning the largest 
portion of the biomass produced on site, which is economically 
and ecologically unacceptable (Zekić et al., 2010). The total an-
nual production of biomass in the Province of Vojvodina is 
10.75 × 106 tons, out of which for energy purposes can be used 
30-50% of the total biomass (Brkić and Janić, 2010). In addi-
tion, out of the total biomass produced in crop production, over 
50% is related to corn (Brkić and Janić, 2010). 

The cost analysis conducted indicates that the energy ob-
tained from small rectangular straw bales (the most widespread 
way of utilization), is less costly by 28%, than the energy ob-
tained from coal, whereas the energy obtained from round bales 
is cheaper by 34%. (Zekić et al., 2010). Sensitivity analysis has 
shown that the results obtained are relatively resistant to price 
changes in the most important inputs. The sensitivity is higher 
towards the efficiency of the machinery used; therefore, insistent 
efforts should be made for creating conditions where the intro-
duction of more up-to-date technical solutions, already existing 
in developed countries, will become feasible. (Zekić et al., 
2010). However, as the organic matter content in soils under 
strong anthropogenic influence, without prior soil analysis Seku-
lić et al. (2010) does not recommend removal of crop residues 
and their use as biomass. 

About 7% of households in Serbia utilize wood as heating 
fuel (Oljača et al., 2007). Wood from deciduous trees is perfect 
for heating, and coniferous trees are not due to increased 
amounts of resinous material (Brkić and Janić, 2010). The gath-
ering, processing, preparation and utilization of the cut plant 
remnants did not find a wide application, because there are small 
quantities (Brkić and Janić, 2010), and the cut remnants are 
characterized with substantial moisture, variable composition 
and voluminous form, and thus with low volume mass, which 
causes a low rationality of the transport as well as an impaired 
manipulation, storage and utilization in furnaces (Živković et al., 
2007). Under the environmental conditions in Serbia, the clones 
of eastern cottonwood (Populus deltoides) were found to be the 
best: they have a comparatively high volume mass and a high 
increment of wood mass, in comparison with the clones of Euro-
American poplars (Klašnja et al., 2006). In combination with 
appropriate planting densities, with necessary biological cultiva-
tion and protection measures, all necessary conditions may be 
fulfilled for the establishment of so-called energy plantations 
from renewable natural sources (Klašnja et al., 2006). 

CONCLUSION 
The interest is evoked for the utilization of these crops in 

certain farms and individual households in rural regions. It is 
expected that the government, similarly to the governments of 
EU members, promote bio-energy crop cultivation in Serbia 
through certain subventions. Together with the profit, it is esti-
mated that the possibility of the realization of a high level energy 
independence of farms will be one of the main motives for the 
future utilization of these crops in Serbia. 
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