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to inoculation and drought stress, respectively. Good linear correlation (P< 0.01) of root 
EC with SDM (R2= 0.829) and LA (R2= 0.716) was obtained by pooling the data from 
the four plant groups.  

Our results show the potential of EC measurement for monitoring the effect of 
environmental factors influencing root growth and biomass production. The in situ 
technique provides an opportunity to follow the temporal changes of root activity. The 
other advantage of the method, that EC indicates the “functional root extent”, 
incorporating the size and water uptake activity of the root system. Microbial 
inoculation and drought stress significantly decreased and increased the root/shoot ratio, 
respectively (data not shown), inducing opposite changes in the specific water uptake 
rate and thus specific EC (per unit of RDM) through the altered leaf area and 
transpiration (Fig. 1/E).  The increased specific water uptake rate in inoculated plants is 
presumably due to the enhanced root–soil interface caused by external fungal hyphae 
and root nodulation. Severe drought accelerates root senescence and suberin deposition 
and thus decreases the root permittivity, leading to the further reduction of the EC. 

Conclusions 

For the majority of crops, plant–microsymbiont associations lead to an increased host 
adaptability, contributing to higher yield stability and quality and greater production 
efficiency, especially in marginal environments. External hyphae also improve soil 
water holding capacity through affecting soil aggregate stability. Application of EC 
method can promote the selection of drought tolerant crop cultivars and the 
development of efficient microbial inocula. The in situ measurement may be of interest 
for future applications, as it can partially substitute or integrate the intrusive and time-
consuming techniques commonly used. 
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Abstract: First generation bioethanol production and its use as fuel were characterized by a significant take-
off in the mid-2000s. The fast growth was followed by a very sharp slowdown in line with the changed 
position of the European Union. The change of direction aims that priority should be given to the 
polysaccharide-based materials from the potential raw materials of bioethanol production, which are available 
not from crops, but in the form of agricultural and forestry waste and by-products.  
The role, economic and environmental aspects of bioethanol as the fuel of the future arise open issues. With 
our examinations we want to contribute to respond to those questions which analyse the impacts and economy 
of the bioethanol production based on agricultural by-products. In this framework we compared the quantity 
of cellulose can be obtained from potential raw materials, we made economic calculations, and we analysed 
the impacts of raw material acquisition on landscape ecology. Our aim in all of this was to map the advantages 
and disadvantages of the second generation bioethanol production. 
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Introduction 

Experiments regarding to cellulose-based bioethanol production have been ongoing for 
many years in several parts of the world. The technology has long been known and 
functional under normal laboratory conditions, however the industrial scale operation 
had waited until 2013. In October of this year the world’s first, second generation 
cellulose-based bioethanol plant was opened in Crescentino, Northern Italy 
(http://greenfo.hu). In this way the technology has stepped out of infancy, however the 
pros and cons relating to the biofuels still remain on agenda. It is certain that the raw 
materials to be used for food or feed uses – although these are the most obvious raw 
materials in terms of production of fuels – do not belong to the environmental, clearly 
beneficial from an agricultural point of view or economical sources of bioethanol. 
There will probably never be such fuel, which is inexpensive and environmentally 
friendly, does not endanger the interests of any sectors, has unlimited appropriate 
material basis as well as market for the final products and creates many jobs at the same 
time (Bai, 2011). Field trials, researches are ongoing on the subject of nearly all next 
generation biofuels, and it is unpredictable which procedure, to what extent and how 
quickly spreads in the world. In order to make better informed choices more detailed 
knowledge is necessary, inter alia, which potential raw materials of cellulose-based 
biofuel production could satisfy mostly the environmental and economical 
requirements. With our investigations we also wish to contribute to this objective. 
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Materials and methods 

We have been dealing with the cellulose content of the samples of the potential raw 
materials which are available on the sand ridge between the Danube and the Tisza. The 
cellulose content was measured according to the Hungarian Nutrition Codex, Volume 
II, Article 4.1. The cellulose content is calculated from the difference of all fibres and 
lignin. 
In the economic assessments a calculation was made in details of working operation 
relating to the by-products harvest and delivery to the processing plant in order to 
ascertain the costs, amount of fuel and energy per 1 hectare. Corine Land Cover 
database was used for assessing the impacts of the necessary raw material supply for the 
bioethanol production on landscape structure, which provided information about the 
present composition of the forestry and agricultural land in the Danube-Tisza interfluve. 

Results and discussion 

The cellulose content of our test samples is varying between 250-640 g kg-1. The 
cellulose content of the logs can basically be highlighted from the forestry products (fir, 
black pine, grey poplar and euramericana, acacia), which has always higher cellulose 
content than the cellulose content of the chips (Fig. 1.). 
 

 
Figure 1.: Cellulose content of the forestry products 

 
As shown in the Figure 1. the fir has the highest cellulose content in case of the tested 
samples (642 g kg-1). On the areas of the Danube-Tisza interfluve hit by the decrease of 
ground water level, the drought-tolerant tree species (fir, black pine and acacia) have 
been in the focus of the forestry planting until recently. It should be noted that the 
planting opportunities of the indigenous tree species having greater water demand (e.g. 
poplar) is reduced at the same time. The recent destructions of the stands of fir 
(primarily black pine) and the European Union’s campaign against acacia negatively 
affect the tree species covering the Great Plain in significant proportion. Nonetheless, 
presently these are potential raw materials, including the ethanol production. As a 
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consequence, the demand for pine, particularly fir is likely to rise, which – in lack of 
new plantings of trees – can change the land cover. Therefore, it is important not to 
reduce the forest cover during the use of forest wood, which includes stands planted 
with species can be deemed aliens, where appropriate. The changes in the share of tree 
species (could) change the landscape pattern of the Danube-Tisza interfluve, modifying 
the material and energy flow of the landscape. The (landscape) ecological aspects have 
to borne in mind also in case of the forests of economic purposes, an approach from 
which the utilisation for bioethanol production does not necessarily mean a trend to be 
supported. 
Among the potential raw materials from waste of the agricultural sector the cellulose 
content of the straw of various kind (barley-, wheat-, triticale-, peas straw), and the 
maize stalks, sunchoke stem and the pea pods are considered significant, close to 400 g 
kg-1, respectively results above (Fig. 2.). 
 

 
Figure 2.: Cellulose content of agricultural by-products 

 
This magnitude of cellulose content is close to or reaches the cellulose content of the 
tree species of the forests, similarly to the cuttings of vines and orchards, which 
plantations cover a large area in the Danube-Tisza interfluve. 
The use of organic wastes and by-products as raw materials for bioethanol production is 
not expected to affect the land use; however the removal of the major part of the 
biomass from the production area, the extraction from the system appears as lack in the 
energy balance of the landscape. In our economic calculations we have compared 
energy balances to each other in which the ethanol quantity that may be produced from 
certain raw materials has a key role. However it is highly dependent on the 
technological solutions applied at each stage of production. In our trial we calculated 
that in case of by-products from 1 t dry matter 0,200 t and from 1 t dry matter of wood 
0,265 t ethanol can be obtained. The energy value of 1 kg ethanol was considered 28,6 
MJ (Lukács, 2007). Based on the results the agricultural by-products provide the most 
economical raw material supply for the cellulose-based ethanol production. It derives 
from their high cellulose content and due to the fact that these products are subject to 
harvest and transport costs and energy use only, and no cost incurs to their production. 
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On the basis of the data per yield unit it can be established that transport distance is an 
important factor of the economy of the raw material supply (Table 1.). 

Table 1.: Energy balance of agricultural by-products depending on the transport distance 

agricultural by-products input energy GJ ha-1 net output energy GJ t-1 ethanol 
transport distance (km) transport distance (km) 

10 25 50 10 25 50 
cereals with ear- straw 

(baled) 
1,0 1,1 1,3 26,7 26,5 26,2 

maize stalks (cut) 1,2 1,4 2,2 27,5 27,3 26,5 
sunflower stalks, 
rapeseed (baled) 

1,3 1,3 1,7 26,7 26,7 26,1 

grape vines, wood 
cuttings (wood chips) 

0,6 0,6 0,8 26,9 26,9 26,4 

Our calculations show that the raw material is appropriate to be produced within a 25 
km road transport distance between the production area and the processing plant. The 
increase of costs and expenses in regard to the transport distance is higher in the case of 
products harvested by shredding having higher water content. 

Conclusions 

At present, the question of biofuel production, the pros and cons of the production and 
the use have given rise to heated debates worldwide (Demibras, 2009; Douglas, 2012 
etc.). In order to the ensure the economy of the raw material supply and to limit the 
negative consequences of risk, there is a need for a well-regulated mutually beneficial 
cooperation. The most important question of the coordination of the interest is to set the 
buying-in prices correctly; it is appropriate to link the price to the cellulose content of 
the raw material. It is particularly essential to underscore that cellulose-based ethanol 
production is worth to establishing on the agricultural by-products; however the 
bioethanol production for motor fuel purposes and its use means a choice among the 
alternatives are considered now to be available. The long-term benefits of its use are 
still unclear, which is also modified by the complex environmental, landscape 
ecological relations in addition to the economy. 
Regarding the whole issue¸ in addition to the economic issues, there are further 
environmental considerations concerning to the effects on the landscape structure, 
sustainability, and the wastes arising from production, treatment of by-products and 
possible further utilisation. These are dilemma requiring further researches, and the in-
depth study may decide the fate of the use of the biofuels including the second-
generation cellulose-based bioethanol. 
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Abstract: Beyond environmental protection aspects, the efforts of the European Union also makes the broad 
use of biomass energy actual as the 2009/28/EU directive appropriates the increase of the rate of renewable 
energy up to 20% in communal energy consumption of the EU countries by 2020. One of the dominant 
directions of biomass energy production is the direct burning of biomass. Characteristically woody plants are 
grown for this purpose, but the energetic use of the by-products of annual crops has a very serious potential 
too. In our study examination of various fossil fuels, firewood types and certain secondary products of field 
crops were carried out from the point of view of biomass burning. The heating values were determined by 
means of an IKA C2000 Basic adiabatic calorimeter. After the statistical analysis of the measured heating 
values we established that the energetic utilization of some of the investigated by-products is really 
prospective.  

Keywords: renewable energy resources, biomass energy, agricultural by-products, higher heating value 

Introduction  

Several options exist for the utilisation of secondary products of agricultural origin. 
These materials are characteristically utilized by working them into the soil, but burning 
them can be a potential direction of utilization too. This kind of materials are generated 
in huge quantities year by year providing a good base for bioenergetical utilization. 
Several studies were published regarding the utilization possibilities of crop residues, 
the most commonly studied basic materials are wheat straw, maize and sunflower 
residues. According to Channiwala and Parikh (2002) the heating value of wheat straw 
is 17,990 KJ kg-1, Demirbas (1996) measured 17,000 KJ kg-1, Gaur and Reed (1998) 
17,510 KJ kg-1, while Parikh et al. (2005) 17,360- 18,910 KJ kg-1. The heating value of 
maize stem is 17,680 KJ kg-1 (Torsta-Masiá et al., 2007; Yin, 2011), while Kucukbayrak 
et al. (1991) published 15,870 KJ kg-1 heating value for sunflower residues. All these 
data call the attention to energy potential of agricultural by-products.  

Materials and methods  

The heating value of the residues of three crops dominant in Hungarian agriculture 
(wheat, maize, sunflower) was determined and compared to the heating value of other 
fuels, energy sources (poplar, alder, willow, black locust, lignite, brown coal, gasoline). 
After chopping the air-dry crop samples were grinded first with a rough-, then a fine 
grinder in order to achieve the desired size. The tablets of approximately 1 g of weight 
made of the homogenised samples were put into the bomb calorimeter in burning 
vessels. In the case of the woody and mineral fuels 1 g of samples in their natural 
structure were used for the measurements. 
We used an IKA C2000 Basic adiabatic calorimeter. In order to ensure perfect burning, 
the calorimeter was filled with pure oxygen of 20-30 bar pressure. The software we 


