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ABSTRACT: The need of introducing crops dedicated to energy production in the rural patterns requires a specific 
land evaluation and a proper choice of the energy crop mixes. The environmental impact of the agro-energy system 
should be assessed trough both a land evaluation under defined agro-ecological conditions and an assessment of the 
crop impact and competitiveness with respect to traditional agriculture and natural environments.  
The purpose of this work was to design and apply an integrated evaluation of crops and land systems in order to 
assess the potential of locally grown biomass for energy use. The land evaluation was implemented through a 
Geographic Information System and is based on a multi-criteria framework for classifying the land according to 
explicit environmental constraints. The crop evaluation aimed to classify a set of dedicated energy crops, with 
respect to specific ecological and environmental impacts.  
The model was applied to the case of the Capitanata district, in Southern-Italy (Apulia Region). For each selected 
zone the suitable crops and their potential for energy use were assessed, moreover the best agro-energy strategies 
were identified. The result is aimed at developing a scenario of land conversion to energy crops which can sustain 
the land planning when implementing different bioenergy routes. 
Keywords: multiple land-use, environmental aspects biomass production, geographical information systems (GIS) 
 

 
1 INTRODUCTION 
 

With the fast rising in the price of fossil fuels and 
the continuing expectation of growth in the standard of 
living, the role of renewable energy resources has 
become fundamental. Biofuels represent the most spread 
renewable energy resource in the world; they are 
actually the only energy source in most developing 
countries. The interest on biofuels has risen in 
developed countries since the seventies, with the fossil 
fuel crisis, and the eighties and onward with the 
increasing concern for sustainable development and 
greenhouse gas emissions. However the environmental, 
social and economic sustainability of the bioenergy 
sector needs to be cautiously assessed considering 
several interactions and critical aspects. The economic 
aspects must be linked to the long term perspectives of 
the environment, as well as to the social dimension and 
adaptive capacity. 

One of the most critical issues is represented by the 
biomass supply. An increasing diffusion of agro-energy 
farming, in fact, may cause negative land-use changes, 
over-exploitation of soil fertility and land use conflicts 
between different land utilization choices. Those issues 
must be addressed considering the spatial dimension 
which comprises both short and long distance impacts on 
ecosystems and society. 

In this study, an integrated evaluation of crops and 
land systems was defined in order to identify some 
environmental criteria for sustainable bioenergy supply 
and assess the potential of locally grown energy crops. 
 
 
2 METHOD 
 
 The agro-energy system has several dimensions 
which need to be taken into account when estimating its 

potential. In such a context a multi-criteria approach 
may be properly adopted in order to provide answers 
which rely explicitly on several criteria, sometimes 
opposing, thus gaining good compromises rather than 
absolute optimal solutions [1]. 
 The goal of this study was to develop a multi-criteria 
method to assess the sustainable supply of locally 
produced biomass from dedicated energy crops. For this 
purpose, an integrated methodology which follows two 
evaluation phases was defined. The first evaluation 
phase (Phase I) is based on a spatial model for land 
allocation, while the latter (Phase II) is based on a crop 
evaluation model which aims to classify a set of 
dedicated energy crops. The aggregation of the two 
phases in a matrix approach provides a final scenario for 
land conversion to energy crops which can be used to 
asses the bioenergy potential (Phase III) (Fig. 1).  
 

 
 
Figure 1: Methodological approach diagram 



 Both the land and crop evaluation phases are based 
on the following steps [1]: 

 identification of feasible or potential alternatives; 
 construction of criteria to take into consideration; 
 evaluation of the performance of each alternative 

with respect to each criterion; 
 aggregation of the results to obtain the solution that 

globally offers the best evaluations. 

The spatial multi-criteria model is based on explicit 
geo-coded parameters and was implemented trough a 
Geographic Information Systems (GIS). The model is 
aimed to classify the land in different typology (zoning) 
according to categories of increasingly cogent constrains 
for agro-energy production. These constraints are related 
to land morphological characteristics, land use 
restrictions and agro-management criteria. 

The crop evaluation model allows to classify the 
crops with respect to specific agro-ecological criteria 
which are related to critical impacts on the ecosystems. 
The model can be applied on a set of dedicated energy 
crops, able to feed different biomass-energy chains. 
 By matching the land and the crop evaluation a 
suitable set of energy crops can be assigned to each land-
type. 

Finally, on the basis of the available surface for each 
land zone, the energy potential related to each bioenergy 
chain can be assessed and compared. 

The overall methodology represents a local 
application of the European Environment Agency’ 
approach for the environmental prioritization of biomass 
crops, whose final goal is to select the biomass crop 
mixes that are most suited to an environmentally 
compatible future for different environmental zones in 
Europe [2]. 
 
2.1 Land evaluation model 

Multicriteria approaches have been introduced in the 
Geographic Information Systems (GIS) since the ‘90s 
[3]. GIS are particularly suited, among all the other 
purposes, for the spatial analysis of the biomass supply 
systems, as confirmed by several applications. Quite a 
lot GIS approaches based on specific spatial modeling 
have been reported in literature dealing with decision 
support in the bioenergy sector [4, 5, 6, 7]. 

The GIS model proposed in this work is based on 
some geoprocessing techniques which allow identifying 
a list of suitable sites trough the following criteria (Fig. 
2): 

 land use: the screening of land uses not available for 
energy crop conversion (Z0) is the first step of the 
land evaluation; 

 erosion and hydraulic risk: land at high risk of 
erosion or flooding has been considered as “critical” 
agricultural land (Z1); land at moderate erosion risk 
has been identified as “vulnerable” agricultural area 
(Z2); 

 natural protected areas: similarly to Z2, the land 
which pertain to natural protected areas has been 
considered “vulnerable” agricultural area (Z3); 

 nitrogen leaching risk: similarly to Z2 and Z3, the 
agricultural land submitted to environmental 
nitrogen fertilization constraints has been considered 

“vulnerable” agricultural area (Z4); 
 irrigation water availability: the availability of 

irrigation water allows to discriminate between 
agricultural areas of limited water supply (Z5) and 
agricultural areas with no relevant resource 
limitations (Z6). 

 

 
 
Figure 2: Flowchart of the land classification model 

 
All those evaluation criteria have been settled in 
accordance with the EU agro-environmental measures 
(“cross-compliance”) and are entered in the model as 
spatial constraints (boolean factors) according to the 
flowchart shown in Figure 2. 
According to the rank of land characteristics (criteria), 
gradually less limiting constraints are used to classify 
the land in such a way that the areas belonging to each 
class are gradually subtracted from the total available 
area.  
 
2.2 Crop evaluation model 
 The dedicated energy crops can be differently 
classifiable according to their life-form (herbaceous or 
woody), life cycle (annual or perennial) and final use 
(solid, liquid or gaseous chain). The classification 
approach in this model is based, however, on the 
ecological criteria which determine the environmental 
impact of the cultivation phase as well as the possible 
positive effects in terms of improved resources 
management (soil, water and agronomic input) and land 
conservation. The environmental impacts are mainly 
related to soil conservation but they also include 
pollution and water-logging issues. 
 The model consider that energy crops differ from 
conventional crops as they are optimized for biomass 
production and energy content, thus having different 
agronomical requirements and potential negative 



impacts or co-benefits on the environment [2]. 
 Each crop is evaluated from a qualitative point of 
view according to eighteen environmental criteria (Fig. 
3), on the basis of a general expert knowledge of 
agronomic practices. Those criteria are then aggregated 
in six indicators (CRi) as follows: 
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 being: 

Pj,k = the score varying from 0 to 3 assigned to the j-th 
criteria for the k-th crop. 

The six resulting indicators are defined as: 

 soil erosion risk (CR1); 
 soil compaction risk (CR2); 
 biodiversity impact (CR3); 
 pesticide pollution risk (CR4); 
 leaching risk (CR5); 
 water table exploitation impact (CR6). 
 

 
 
Figure 3: Criteria, indicators and final index for the 
crop classification model 
 
The combination of those indicators results in a final 
index (CRk) for each selected crop: 
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 This index underlines positive as well as negative 
impacts with regards to the above mentioned indicators. 
 
2.3 Energy potential assessment  
 In this study the land energy potential has been 
calculated trough an heuristic approach on the basis of 
the specific compatible crop, the selected bioenergy 
chain (energy conversion efficiency) as well as according 
to the previous evaluations’ results (available land 
surface related to alternative scenarios). The following 
multiplicative parameters have been considered: 

 crop yield (t/ha); 
 biomass energy content (MJ/t); 
 energy conversion efficiency (%); 
 energy crops penetration scenario (%); 

 The biomass energy content (MWh/t) can be 
estimated according to the following formula: 
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 being: 

V = energy content (MJ/t); 
Hi = low calorific value of the dry matter (MJ/t) ; 
Ci = latent heat of water evaporation (2260 MJ/t); 
U = relative humidity (%). 
 
 
3 CASE STUDY: THE CAPITANATA DISTRICT 
 
3.1 Study area 

The described model was applied to the case of the 
Capitanata district (Foggia Province). The study area is 
located in the North of the Apulia Region in Southern 
Italy and it covers a surface of approximately 7.192 km². 
The district is characterized by a heterogeneous 
landscape with different terrain morphologies and areas 
of both vast high intensive agriculture and low intensive, 
marginal lands. Moreover the district is marked by some 
important protected areas and areas sensitive to erosion 
processes. Very critical water management issues are 
also observed due to the semi-arid Mediterranean 
climate type.  

The agricultural sector of the district is very 
significant for the local development and it can get 
several benefits by the “take-off” of well structured 
bioenergy supply-chains. An appropriate integration of 
agro-energy farming in the actual rural system may 
increase the opportunities of rural development and 
promote crop diversification and multi-functionality of 
farms. Nevertheless, the complexity of the territory 
needs to be dealt considering all the agro-environmental 
implications that the spread of agro-energy systems can 
produce. 
 
 
 



3.2 Combined land-crop evaluation 
 The spatial model was applied using the software 
ArcGIS 9.2; the Model Builder interface was used to 
build the model and automate the process. The data 
input are listed in Table 1; the overall geographical scale 
is up to 1:100.000. 
 In a first step the following land use classes were 
excluded from the conversion scenario:  

 artificial areas; 
 permanent crops (fruit orchards, olive groves and 

vineyards),  
 vegetables and complex cultivation patterns; 
 stable or permanent pastures; 
 forest and semi-natural areas, wetlands, agro-

forestry; 
 cultivated land with significant areas of natural 

vegetation. 

 Subsequently a Boolean overlay of the spatial 
constraints was applied through logical intersection 
(AND operator), as shown in Figure 2. 
 
 Table 1: Cartographic input data 
 

 
 In order to assess the suitable crop mix, a 
preliminary selection of the most promising energy crops 
for the territory was made according to their ecological 
requirements and the pedoclimatic condition of the study 
area. The selected crops refer to woody cellulosic crops, 
silage crops, sugar or starch crops and oleaginous crops. 
Those species were evaluated according to the crop 
evaluation model previously described (Fig. 3).  
 Finally the land and crop evaluations were joined in 
a matrix approach where the land constraints (Zi) are 
related to each crop indicators (CRj) and to the general 
crop environmental impact index (CR). For each land-
zone, the result of this matching operation provided the 
compatible mix of energy crops referable to the 
following chains: 
 
 

 solid biofuels;  
 biogas chain; 
 bio-ethanol chain; 
 bio-oil. 

 A proposal for agro-energy systems management 
(directions for cultivation systems) was also derived 
from the cross-combination of the crop-land criteria. 
 
3.3 Potential scenario assessment 
 The agronomic land capability was combined with 
the previous evaluations in order to estimate the energy 
crop potential. For this purpose the land conversion 
scenario was overlaid with the actual crop productivity 
that had been assessed in the ACLA-2 project with 
respect to the whole Apulia Region [12]. In this project 
the actual productivity was evaluated trough a 
quantitative approach for land capability making use of 
appropriate crop modeling criteria [13]. The result of the 
evaluation was expressed trough a fractional 
productivity index (P) varying from 0 to 1; this index 
was standardized in seven capability classes. 
 The effective productive surface for each land zone 
(from Z1 to Z6) was calculated as the weighted sum of 
the surface belonging to each capability class (Sj), based 
on the corresponding agronomic productivity index (Pj). 
The overall agronomic potential index (AP) for each 
land zone (Zi) is given by the ratio between the effective 
full productive surface and the total real surface: 
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being: 

Pj = crop productivity index for the j-th capability class; 
Sj = surface for the j-th capability class; 
Si = total surface for the i-th land zone. 

 The agronomic potential index (AP) can be 
multiplied by the potential yield of the selected crop in 
order to asses the actual total yield (TY) for each land 
zone. The potential yield represent the theoretical 
maximum crop yield which doesn’t take into account the 
adaptability to specific pedoclimatic condition, as those 
conditions had been already weighted in the crop 
productivity index (P). 
 The biomass to energy conversion scenario was 
carried out for the case of solid biomass power plants 
(Rankine-cycle) fired by fiber sorghum and switchgrass, 
and the case of liquid biomass power plants (diesel 
engine) fired by rape or sunflower oil. For each land 
zone a penetration scenario of 5, 10 and 15% was 
considered. In this study the solid biofuel and the bio-oil 
chains are considered as alternative scenarios. The 
conversion zone for each bioenergy chain was selected 
according to the compatible mix of energy crops 
resulting from the land-crop evaluation. 
 The energy content of solid biofuel was calculated 
according to the formula (3); for both solid and liquid 
biofuels, the total annual energy potential was obtained 
multiplying the unitary energy content by the total yield 
in biomass or oil. The electrical energy annually 
produced (MWh/year) and the installable plant power 

Description Data 
type 

Data source 

Amministrative 
boundaries 

Vector Puglia Region, 
Agriculture Council  

Land use Vector CASI Projec [8] 

Drainage 
network 

Vector Foggia Province Land 
Plan [9] 

Hydraulic risk Vector Land Information Unit 
of the Puglia Region 
[10] 

Erosion risk Raster 
grid 

Foggia Province Land 
Plan [9] 

Protected areas Vector Natura 2000 
Networking Programme 
(NNP) [11] 

Nitrogen 
leaching risk 

Vector Puglia Region, 
Agriculture Council 



(MWe), finally, were obtained applying the coefficient 
of electrical efficiency and the plant operating hours. All 
the necessary technical parameters are reported in Table 
2. 
 
Table 2: Energy conversion parameters  
 

Parameter Sorghum Switchgrass Rape/ 
Sunflower 

Potential 
yield [t/ha] 20 15 4* 

Low calorific 
value        
(Hi) [GJ/ t] 

17.5 18.2 38.4** 

Latent heat 
of water 
evaporation 
(Ci) [GJ/ t] 

2.26 2.26 - 

Relative 
humidity [%] 15 15 - 

Electrical 
efficiency[%] 25 25 35 

Plant 
operating 
hours[h/year] 

7.500 7.500 8.000 

* oleaginous seeds at 40% in oil content; ** oil 
 
3.4 Results: land-crop evaluation 

The final result of the GIS-based methodology is 
represented by a digital geo-coded map (Fig. 4) which 
shows the land classification for the energy crop 
conversion scenario. A total of six different land 
conversion classes (zones) were identified (from Z1 to 
Z6). Each zone is characterized by specific constraints 
and environmental sensitivity. The Z0 class is not 
available to energy crop conversion.  

The land class with the greater surface availability 
(approximately 200,000 ha) is Z5, which is 
characterized by the absence of relevant constraints but 
limited water availability. The classes Z3 and Z4 cover 
respectively 34,000 and 42,000 ha and they are suitable 
for extensive farming with low agronomic inputs and 
high ecologic value. The class Z4 is concentrated in the 
plain area of the Foggia municipality where there are 
about 16,000 ha of arable land characterized by nitrogen 
leaching risk. The land available for irrigated energy 
crops (Z6), without any relevant land constraint, covers 
a surface of about 26,000 ha. 

With respect to the crop evaluation, Table 3 reports 
the score gained by each energy crop in relation to the 
six different environmental criteria (CR1-CR6). The 
final index (CR), which ranges from 1 to 9, represents 
the final evaluation of the crop environmental impact. 
This impact has been considered as “positive” if the 
final indicator is less than 4, “not relevant” if the 
indicator ranges from 4 to 6 and “negative” if it is more 
than 6. Perennial crops are those with the less 
environmental impact and the major advantages in terms 
of soil protection, while sugar beet and sweet sorghum 
are the most impacting crops. 

Table 4 describes the resulting matching between 

the land zoning criteria and the crop evaluation criteria.  
In Table 5 the different land zones and the proposed 

land management practices are linked to the energy 
crops proposed for each bio-energy chain (solid biofuels, 
biogas, bio-ethanol, bio-oil). The Z1 class is the most 
vulnerable and its use is mainly devoted to 
environmental remediation trough agro-forestry and 
permanent silage crops in order to mitigate the high 
erosion and hydraulic risks. Perennial crops are the most 
suitable for the areas characterized by environmental 
risks (Z2, Z3, Z4) due to their low requirements of agro-
chemical and mechanical input and their capacity to 
prevent soil erosion [14, 15]. Extensive agriculture 
characterizes the Z5 class, particularly cereal crops such 
as wheat, barley and oats. The last land class (Z6) is the 
one with the minimum limitations and the most suitable 
for intensive agricultural systems; in this class the crops 
with the higher water requirements, as sorghum, sugar 
beet and rape, can be cultivated.  

 
3.6 Results: agronomic and energy potential 
 The total surface and the effective productive surface 
for each land zone (Zi) are represented in Figure 5. The 
land class with the greater surface availability (Z5) is 
characterized by a quite low average agronomic 
productivity index (approximately 40%) due to 
pedoclimatic constraints. The lowest agronomic 
productivity was found for the classes Z2 and Z3, while 
the highest productivity index (roughly 50%) pertains to 
the Z4 class which is actually characterized by the 
presence of intensive agricultural systems and high 
nitrogen inputs. 
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Figure 5: Partitioning of the Capitanata agricultural 
surface in the six land classes available for energy crop 
conversion (the “real” surface is discriminated from the 
“effective” surface as a result of the weighting procedure 
based on the fractional productivity index) 
 
 The energy crop conversion zones for the solid 
biofuel chain are Z2, Z3, Z4 and Z5 for switchgrass and 
Z6 for sorghum. With respect to the bio-oil chain Z3, 
Z4, Z5 and Z6 were supposed to be converted. 
 Regarding the energy potential, considering a 
penetration scenario of 5%, 10% and 15%, the 
installable power for solid biomass power plants would 
be 14, 28 and 43 MWe (Table 6). In the case of liquid 
biomass power plants, considering the same penetration 
scenario, the installable power would be 5, 10 and 15 
MWe (Table 6). 
 The analysis of the alternative scenarios shows a 



higher productivity for solid biofuel compared to bio-oil, 
with respect both to the overall energy production and 
the energy gain per unit surface. 
 The addressed assumptions can be considered as 
prudential in terms of land use competition with 
traditional crops and natural vegetation. The conversion 
scenario, in fact, not only assumed a gradually 
increasing penetration pattern, but also included the 
assumption that energy crops never displace natural 
habitats or highly productive horticulture; moreover the 

agronomic productivity index reduces considerably the 
available land in proportion to the degree of land 
marginality. 
 Further analysis is needed to take into account the 
energy balance of the whole biomass along the energy 
route, including biomass production, harvesting, 
transport, handling, and the energy conversion stage. 
These issues, requiring a life cycle assessment approach, 
go beyond the scope of this study. 

 
 

 
 
Figure 4: Land classification related to the energy crop conversion scenario 
 
Table 3: Scores of the selected energy crops with respect to the six selected environmental criteria 
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CR3 BIODIVERSITY IMPACT 3 5 4 5 6 6 6 7 7 8 8 7 8 8
CR4 PESTICIDE POLLUTION 3 3 3 3 5 4 5 6 8 6 8 6 6 8
CR5 NITROGEN LEACHING 3 3 3 3 4 5 5 5 6 7 6 6 8 9
CR6 WATER TABLE EXPLOITATION 1 1 1 1 1 1 1 1 1 8 6 7 8 7
CR GENERAL EVALUATION 2,7 3,0 3,0 3,2 4,3 4,3 5,2 5,3 5,5 7,0 7,2 7,2 8,0 8,2

Positive environmental impact: general evaluation score < 4
Not relevant environmental impact general evaluation score from 4 to 6
Negative environmental impact: general evaluation score > 6  



Table 4: Integration procedure to match the land zoning criteria (Zi) to the crop environmental criteria (CRj) 
 

Evaluation criteria CR CR1 CR2 CR3 CR4 CR5 CR6
Z1 High erosion risk and hydraulic risk
Z2 Moderate erosion risk
Z3 Presence of natural habitat
Z4 Nitrogen leaching risk
Z5 Limited water availability
Z6 No relevant environmental constraints  

 
Table 5: Land class and related constraints, directions and suitable crops 
 

Land 
class 

Criteria Direction Solid biofuel 
chain 

Biogas 
chain 

Bio-ethanol 
chain 

Bio-oil chain 

 Land 
constraints 

Cultivation systems Woody cellulosic 
crops 

Silage 
crops 

Sugar or  
starch crops 

Oleaginous 
crops 

Z1 High 
erosion risk;  
High 
hydraulic risk 

Environmental 
remediation trough 
agro-forestry; 
permanent silage 
crops 

Stable or 
permanent 
pastures 

   

Z2 Moderate 
erosion risk 

Extensive farming 
(minimum tillage); 
cover crops; 
perennial crops; 
cultivation systems 
with minimum 
mechanization 

SAA*; 
switchgrass; 
giant reed 

Forage 
 

  

Z3 Protected 
areas 

Extensive farming 
with autochthonous 
crops; biological 
cultivation and 
nature conservation 
systems  

SAA 
(excluded the 
switchgrass) 
 

Winter  
meadow 
(triticale, 
barley) 

Wheat; 
barley; 
oats  
(extensive) 

Sunflower 
(extensive); 
Ethiopian 
mustard 

Z4 Nitrogen 
leaching 
risk 

Extensive farming 
with limited 
Nitrogen input; 
catch crop systems; 
fitodepuration 
systems 

SAA  
(included the 
switchgrass) 

SAA SAA 
 

SAA; 
rape (extensive) 

Z5 Limited 
water 
availability 

Crops with low 
water requirements 
(dry-resistant) 

SAA SAA SAA; 
wheat, barley, 
oats (intensive) 

SAA 
 

Z6 No relevant 
constraints 

Intensive farming SAA; 
fiber sorghum 

SAA; 
hybrid 
sorghum; 
meadow 

SAA; 
sugar beet; 
sweet sorghum 

SAA; 
sunflower, rape 
(intensive) 

(*) SSA: same as above 
 
Table 6: Energy crop conversion scenarios for the case of solid biomass power plants and liquid biomass power plants, for 
the different penetration scenarios 
 

Liquid biomass power plants Solid biomass power plants Penetration 

scenario Yield 
(t/yr) 

Electrical energy 
(MWh/yr) 

Plant power 
(MW) 

Yield 
(t/yr) 

Electrical energy 
(MWh/yr) 

Plant power 
(MW) 

5% 10,137 37,846 5,05 103,521 106,331 14.18 
10% 20,274 75,691 10,09 207,041 212,663 28.36 
15% 30,412 113,537 15,14 310,562 318,994 42.53 

 



4 CONCLUSIONS 
 

The agro-energy planning needs a complex 
investigation based on an integrated analysis of the local 
biomass resources availability and the impact of the 
energy crops on the environment.  

The multi-criteria methodology for land and crop 
evaluation that was defined in this work represents an 
approach for multi-objective planning where biomass 
production and environmental conservation are 
considered as synergic issues. 

The land allocation methodology allows a spatial 
analysis of the environmental sensitive areas and the 
available land for agro-energy use, by integrating several 
diagnostic criteria in a logical model which can be 
directly implemented in a GIS system. 

The crop classification approach underlines the 
potential effects that the choice of the energy crops mix 
may have on the environment in terms of land 
conservation and management of the natural resources. 

The application to the case study of the Capitanata 
district gives a preliminary analysis at a sub-regional 
scale of the different alternatives for local supply of 
bioenergy in terms of land use management and energy 
crop cultivation systems. The results are aimed at 
developing the best strategies for integration of energy 
crops in the existing rural landscape. The results of the 
conversion scenarios shows that the ligneocellulosic 
chain has a higher energy potential compared to the bio-
oil chain, due to the higher biomass productivity. The 
solid biomass potential of the study area could be further 
increased when using agricultural and forestry residues, 
which are available at lower costs, but with an higher 
spatial dispersion compared to the energy crops.  

As a next step the evaluation’s results and the 
energy potential scenarios could be integrated in a 
Decision Support System which could sustain the choice 
of the most suitable areas for each energy crop typology 
and the definition of the agro-energy districts. The social 
aspects and the energy and economic balance of the 
whole bioenergy chains go beyond the scope of this 
study, nevertheless those issues are crucial in order to 
define the most promising bioenergy routes in relation to 
market, environmental and social criteria. Moreover in 
the study area most of the energy crops that have been 
considered are still under experimental conditions, 
therefore, the uncertainty and the farmer's attitude to risk 
should also be considered for each specific case. 
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