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Preface 

The aim of this Information Manual is to provide technical 

guidelines for the cultivation of six herbaceous crops for energy 

purposes. This manual has been initiated into the framework of Life 

Coop 2020 project - “Pilot for rural smart grids through 

optimization of energy use and innovative renewable biomass 

resources”.  

A brief description of the sections of the deliverable is the following. 

The first section includes an introduction to the operation and 

maintenance costs of agricultural cooperation production units and 

their connection with the exploitation of abandoned lands for the 

biomass production for energy purposes.  

The second section presents the energy crops species that can be 

cultivated for biomass production.  

The third section describes the procedure should be followed for the 

selection of energy crops species which adapt to soil and climate 

characteristics of a specific area.  

The forth section presents the agronomic practices which included in 

a suitable crop management plan.  

The fifth section describes the suitable energy crops for biomass 

production. 

The sixth and seventh sections present the energy crops cultivated 

at Cambrils facilities into the framework of the Life Project Coop 2020 

and their comparison as well.   

The eighth section summarizes the procedure for the selection and 

the cultivation of the energy crops.  

The ninth section presents the procedure of the replication actions 

would be take place in other countries and places.  

And finally, the tenth section presents the positive impacts of the 

establishment of energy crops in abandoned lands.  
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1. Introduction 

The last decades, the increased production costs and the low 

agricultural products prices in combination with high operation and 

maintenance cost of agricultural production units, led agricultural 

cooperatives to choose alternative ways to cover their energy and 

thermal needs. On the other hand, there are marginal and low fertility 

land areas that can be used for the establishment of adaptable crops 

in order to produce biomass for energy purposes. According to the 

revised EU Directive on renewables [1], biomass means “the 

biodegradable fraction of products, waste and residues from 

biological origin from agriculture, (including vegetal and animal 

substances), forestry and related industries including fisheries and 

aquaculture, as well as the biodegradable fraction industrial and 

municipal waste of biological origin”. 

 

 

Figure 1: Olive production residues at Cambrils facilities 
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Info Box 1: Biomass types 

Which are the main biomass types? 

The main types of biomass that have been tested for bioenergy 

purposes are:  

 woody plants which include short rotation coppice (poplar, 

willow, eucalyptus etc) 

 herbaceous plants/ grasses (annual or perennial) 

 aquatic plants 

 animal manure 

 

In the case of biomass derived from agriculture (herbaceous plants/ 

grasses), the biomass refers to the plant material derived from the 

reaction between CO2 from the atmosphere, water from the plant and 

sunlight, via photosynthesis, to produce glucose for the plant and 

oxygen for the atmosphere [2]. The photosynthesis pathway is 

represented in Graph 1.  

 
Graph 1: Photosynthesis pathway 

With this process plants capture energy in the form of light and 

convert it to chemical energy.  

CO2 H20 C6H12O6 O2



LIFE 13 ENV/ES/1513Coop 2020: Information manual for bioenergy crops 
cultivation 
 

13 
 

2. Energy crops cultivation for biomass production 

As it is mentioned before, there is an increasing interest in 

establishing alternative and promised crops which can produce large 

amounts of biomass and they are known as bioenergy crops. 

Bioenergy crops are defined as any plant material used to produce 

bioenergy with fast growth, low input requirements, large amount of 

biomass yields, high energy content and are adapted to marginal and 

arable soils [3]. Bioenergy crops will be woody or herbaceous plants, 

annual or perennial species and can be cultivated to produce solid, 

liquid or gaseous bioenergy feedstocks. Such examples are presented 

in Diagram 1.  

 

 
Diagram 1: Examples of bioenergy crops for the production of liquid, gaseous and solid 

bioenergy feedstocks 

 

This manual provides information for the cultivation of bioenergy 

crops to produce solid bioenergy feedstock.  

  

Oilseed rape: Annual arable crop for 
biodiesel production 

Eucalyptus: fast growing tree (3-5 years) 
to produce feedstock for methane 
productiom

Giant reed: perennial grass with high 
biomass potential and low input 
requirements

Liquid 

Gaseous 

Solid 
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2.1. Bioenergy crops species 

The number of bioenergy crops that could be planted to produce solid 

bioenergy feedstocks is very high (Info Box 2). The kind of bioenergy 

crops that can be cultivated in a specific area it depends on site and 

climate characteristics (altitude, rainfall height, air temperature etc) 

as well as the soil characteristics (soil texture, pH, CaCO3, nutrients 

content etc). The info box 2 presents annual, perennial and short 

rotation woody crops which are planted for energy purposes.  

 

Info Box 2: Bioenergy crops species 

Annual crops 

Common name  Scientific name 

Wheat  Triticum spp. 

Barley  Hordeum Vulgare 

Rye  Secale cereale 

Triticale  Triticosecale 

Sorghum  Sorghum bicolor (L) 

Sunflower  Helianthus annuus 

Ethiopian mustard  Brassica carinata A. Braun 

Perennial crops 

Cardoon  Cynara cardunculus 

Elephant grass  Miscanthus 

Kenaf  Hibiscus Cannabinus 

Giant reed  Arundo donax 

Switchgrass  Panicum Virgatum 

SRCs (Short Rotation Coppices) 

Poplar  Populus Alba 
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Willow  Salix spp. 

Black locust  Robinia Pseudoacacia 

Eucalyptus  Eucalyptus spp. 

Paulownia  Paulownia tomentosa 

 

As it is shown in Info Box 3, the two most important properties of 

bioenergy crops are the high biomass production level and the high 

energy content [2], [4].  

 

Info Box 3: Desired properties of bioenergy crops 

Desired properties of energy crops 

The desired properties of bioenergy crops are: 

 high biomass production 

 high energy content 

 low energy demands 

 low GHG 

 cost-effective 

 low input requirements 

 high efficiency of nutrient and water use 

 adaptability in local soil & climate characteristics  

 

Until now several studies have been carried out in order to test the 

feasibility of bioenergy crops cultivation.  
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3. Selection of energy crops  

The key factors that should be considered for the selection of energy 

crops are site characteristics, soil data and climate characteristics 

collection as well as the energy crops characteristics and 

requirements (Diagram 2).  

 

 
Diagram 2: Energy crops selection processes 

 

These factors are described in detail in next sub-sections.  

3.1. Site Characteristics 

A site has to address the requirements of a specific type of energy 

crop. Water availability, soil type and the presence of pests or 

diseases should be considered in order to select the energy crops that 

succeed the highest yield. Energy crop cultivations should have 

appropriate accessibility to road network in order to allow the 

mechanical equipment movement and the relative biomass logistics 

system (Figure 2). Furthermore, account should be taken of the 

energy crops impact to local landscape, ecology and public access.  

 

 

Site characteristics

• landscape characteristics (soil type; water use; pests and diseases)

• accesibility 

Soil data collection

• collection of representative soil samples 

• soil analysis (soil texture; pH; EC; N-P-K content)

Climate characteristics

• air temperature

• rainfall height

Energy crops characteristics 

• adaptibility

• input requirements
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Figure 2: Energy crops plantations at Cambrils 

 

3.2. Soil data collection 

Without a soil analysis, it is nearly impossible to determine what a 

soil needs in order to be productive. Laboratory soil tests provide 

information on the soil’s available nutrient-supplying capacity. Soil 

data collection is comprised of 4 steps (Graph 1): 

1. Soil sampling 

2. Laboratory soil analysis  

3. Interpretation of analytical results  

4. Crop management plan 

 

Graph 1: Soil data collection 

 

  

soil sampling
laboratory 
analysis

interpretation 
of analysis 

results

crop 
management 

plan
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3.2.1. Soil sampling  

The first and most critical step in soil testing is the collection of a soil 

sample. A soil analysis can only be as good as the sample sent to the 

laboratory. Therefore, the soil sample should be representative of the 

entire field (Info Box 4). 

The most common and economical method for sampling an area is 

composite sampling, where sub-samples are collected from randomly 

selected locations in a field, and the sub-samples are composited for 

analysis.  

Ideally, samples should be collected with a soil probe or auger or with 

a small shovel or trowel (Figure 3), to the depth of tillage (usually 

15-30cm) or to the effective rooting depth of plants. Surface material 

is removed to the required depth and a sampling tool is then used to 

collect the sample. This method can be used in most soil types but is 

limited to sampling at or near the ground surface. Accurate, 

representative samples can be collected with this procedure 

depending on the care and precision demonstrated by sample team 

member. During the soil sampling procedure a plastic bucket or other 

container is needed for each sample in order to collect and mix a 

composite sample. 

 

Info Box 4: Basic soil sampling instructions  

You have to 

 collect representative sample of the study area 

 avoid unusual areas (fertilizer or lime) 

 take samples before fertilization or other input applications 

 use clean equipment  

 provide site descriptions  

 

 



LIFE 13 ENV/ES/1513Coop 2020: Information manual for bioenergy crops 
cultivation 
 

19 
 

 

Figure 3: Soil sampling equipment [5] 

 

Figure 4: Soil sampling procedure at Cambrils, July 2014 
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3.2.2. Soil analysis  

Soil characteristics (Info Box 5) are a crucial issue for the selection 

of suitable bioenergy crops. The soil texture which affects the ability 

of the soil to hold water and nutrients; the organic matter content 

which regulates pH, electrical conductivity and the nutrient 

availability as well as other soil processes and properties; are key soil 

characteristics for the optimum crops production. The soil analysis 

should be undertaken every 3-5 years as a vital part of good 

management practice. The methods that are used for the soil analysis 

are presented in Info Box 5. 

 

Info Box 5: Soil characteristics  

Soil characteristics Method 

Soil structure Bouyoucos, G. 1962. Hydrometer 

method improved for making 

particle size analyses of soils. 

Agron. J. 54:464-465 [10]. 

pH Rhoades, J.D. 1996. Salinity: 

Electrical conductivity and total 

dissolved solids. In: D.L. Sparks 

(Ed.), Methods of Soil Analysis Part 

3, SSSA and ASA, Madison, WI, 

USA. 417-436 pp. [11] 

Electrical Conductivity (EC) Rhoades, J.D. 1996. Salinity: 

Electrical conductivity and total 

dissolved solids. In: D.L. Sparks 

(Ed.), Methods of Soil Analysis Part 

3, SSSA and ASA, Madison, WI, 

USA. 417-436 pp. [11] 

CaCO3 Bernard device (Loeppert, S.H. and 

D.L. Suarez. 1996. Carbonate and 

Gypsum. In: Sparks D.L. (ed.), 

Methods of Soil Analysis Part 3, 
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SSSA and ASA, Madison, WI, USA, 

437-474 pp. [12] 

Organic matter Nelson, D.W. and L.E. Sommers. 

1996. Total carbon, organic carbon, 

and organic matter. In: Methods of 

Soil Analysis, Part 2, 2nd ed., A.L. 

Page et al., Ed. Agronomy. 9:961-

1010. Am. Soc. of Agron, Inc. 

Madison, WI. 

(Modified Walkley–Black titration) 

[13] 

 

Cu, Zn, Mn, Fe, Pb, Cd, Ni Lindsay and Norvell, 1978. 

Development of a DTPA soil test for 

Zinc, Iron, Manganese, and Copper. 

Soil Sci. Soc. Am. J. 42:421- 428 

[14] 

K, Na, Ca, Mg Rhoades, J.D. 1996. Salinity: 

Electrical conductivity and total 

dissolved solids. In: D.L. Sparks 

(Ed.), Methods of Soil Analysis Part 

3, SSSA and ASA, Madison, WI, 

USA. 417-436 pp. [15] 

N-P-K  N: Kjeldahl method 

P: Olsen method  

K: Method of soil analysis 1982, 

American Society of Agronomy p. 

559-581. 
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3.2.3. Interpretation of analytical results 

 

The soil analysis results can provide useful information to interested 

farmers regarding the selection of adaptable crops and the relative 

guidelines for efficient and ecologically application of fertilizers, 

irrigation and soil quality improvements (Diagram 3).  

 

 

Diagram 3: Extraction and interpretation of analysis results  

For example, pH values affect the availability of the soil nutrients and 

the relative plant tolerance. Most energy crops prefer pH ranges from 

6 to 8. So, taking into account this soil parameter the farmer can 

select the type of crop which adapts better to these pH ranges. 

Conversely, sometimes it is necessary to increase or decrease the soil 

pH depending on the type of crop to be planted. The correction of soil 

pH values should consider the pH values as well as the limestone 

content.  

•extraction of 
soil analysis 
results

•interpretation 
of soil analysis 
results

• information 
regarding the 
selection of 
adaptable crops
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Figure 5: Soil pH test kit 

The same interpretation process should be followed and for the other 

basic soil parameters, such as soil texture, nutrients (N-P-K) and 

organic matter in order to provide useful information for the selection 

of bioenergy crops.  

 

3.2.4. Crop management plan  

 

The crop management plan involves all the necessary practices 

should be done for the successful crop establishment, monitoring and 

biomass production yields. Crop establishment includes the land 

preparation practices, the planting design (planting density, water 

and nutrients input) and the crop sowing. The crop monitoring 

includes the weed and the pests and diseases control and finally the 

crop harvesting involves the operations regarding the biomass 

collection and utilization. These practices are presented in the 

following graph. The crop management plan is described in detail in 

section 4. 
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Diagram 4: Crop management plan  

 

3.3. Climatic characteristics 

The climate conditions of a specific area play an important role in selection of energy crops. 
selection of energy crops. The rate of crops development depends on the photosynthesis 
the photosynthesis rate, which in turn depends on air temperature, light and day length. 
light and day length. The biomass production depends on the soil moisture which in turn 

moisture which in turn depends on rainfall height or irrigation supply (

 

Figure 6). Various crop types present different tolerance to climate 

conditions, so a climate characteristics data collection is a key factor 

for the selection of the adaptable energy crops in a specific land area.  

crop 
establishment

land 
preparation

planting 
design

crop sowing

crop 
monitoring

weed control

pests & 
diseases 
control

crop 
harvesting

harvesting 
operations

biomass 
production
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Figure 6: Rainfall data of Cambrils region (National weather Spanish forecast)  

3.4 Energy crops characteristics 

In order to obtain all the necessary information for the final selection 

of the suitable energy crops for a specific area, the last factor that 

has to be studied is the characteristics of the energy crops. The 

energy crops characteristics that should be studied for the selection 

of adaptable energy crops are the following:  

 The ecological requirements which include the climatic, the 

water and the soil fertility requirements. Every crop has an 

optimum range of temperature to which is tolerant and 

minimum and maximum which the crops present low 

development. The rainfall height and its distribution through 

the year, plays an important role in the success of specific crop 

cultivation. Other factors that have influence on crop growing 

are wind and humidity. 

 The crop management practices such as soil preparation, crop 

establishment and crop monitoring determine the mechanical 

equipment that will be used for these practices and in extension 

the cost of the crop cultivation. Depending on the total cost of 

a crop plantation the farmer will select the type of crop that 

guarantees high yields, high income and low plantation cost. 

 The land area required to produce biomass as well as the 

relevant energy crop affect the type of crop that should be 

selected in order to cover the energy or thermal needs of the 

end user.  
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 Biomass characteristics. The key material properties that affect 

the use of biomass as an energy source are moisture content, 

heating value, ash content, volatiles content and major 

content. These characteristics ensure the effective, sustainable 

and secure use of energy crops as biofuel.  
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Info Box 6: Energy crops characteristics 

Energy crops characteristics 

Characteristics parameters 

Ecological requirements 

 

air temperature, soil type, pH, 

water needs, fertilization etc. 

Crop management 

 

soil preparation techniques, 

planting, weed and pests & 

diseases control 

Biomass production 

 

harvesting operations, biomass 

yield and energy content 

Biomass characteristics 

 

Moisture content, ash content, 

volatiles content, heating value, 

CHNS content and major elements 

content 
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4. Crop management plan 

This section provides the factors that should be considered while 

designing the crop management plan.  

4.1. Crop establishment  

4.1.1. Land preparation 

Marginal lands and especially uncultivated lands include areas with 

low quality soils, low precipitation height and unusual weather 

conditions. For that reasons these lands need to be prepared before 

crops establishment in order to improve the soil quality. Soil 

preparation includes land cleaning (weed and grasses killing, Figure 

7), ploughing and usually dish harrowing. 

 

Figure 7: Land cleaning operations at Cambrils before energy crops establishment, February 
2015 

4.1.2. Planting density 

Planting or sowing density is an important parameter that influences 

growth, development and the total biomass production of an energy 

crop. The application of the appropriate planting density is depended 
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on the type of crop, the soil structure and the water availability in a 

specific location. Optimum planting density should allow the crop 

management (movement of vehicles, weed control etc) and ensure 

the maximum biomass yields. 

 

Figure 8: Planting density of Sorghum at Cambrils plantations 

 

Info box 7: Factors influence the selection of planting density 

Issues should be considered regarding the planting density 

 Type of crop  

 Soil type 

 Water availability 

 Agronomic practices 

 

4.1.3. Water availability 

Although energy crops are considered to have low water 

requirements, the available water must be within the demands of the 

crops to be cultivated. Favorable rainfall rates or the establishment 

of an irrigation system in regions with low rainfall height can increase 

the biomass production. So, for higher biomass yields regions with 

high rainfall rates should be preferred.  
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Figure 9: Example of irrigation system 

 

4.1.4. Nutrients availability 

The factors that affect the nutrient requirements of the crops and the 

availability in soils include soil texture, organic matter content and 

drainage. Additionally, the rainfall height or the type of irrigation 

system applied during the crop development can alter the soil 

availability conditions and the relative uptake from crops. In order to 

achieve high biomass production with low environmental impacts the 

fertilizer or other soil issues recommendations should be based in 

current soil analysis results. The soil nutrient rates are presented in 

Info Box 8 and Figure 10 [6]. Depending on the nutrient type the soil 

test levels are divided in three main categories: below optimum, 

optimum and above optimum. The “below optimum” category refers 

to nutrient which is deficient and needs actions to build up the 

nutrient levels to the optimum range to secure the crop yield. The 

“optimum” category refers to nutrient levels that are within the 

optimum range and need maintenance applications. Finally, the 

“above optimum” category refers to nutrient values that exceed the 

optimum range and probably need drawing down applications.  
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Info Box 8: Soil nutrient rates, [6] 

Categories  Action 

Below optimum    

very low 

low 

medium 

 
Build up into the 

optimum range 

Optimum 

 

 

 

Soil maintenance in 

the optimum range 

Above optimum   

very high 

excessive 

 
Draw down   

 

 

 

 

Figure 10: Soil test categories [6] 

 

 

4.1.5. Crop sowing 

From economic point of view most of energy crops are planted by 

seeds using a common seed drill. The planting density depends on 



LIFE 13 ENV/ES/1513Coop 2020: Information manual for bioenergy crops 
cultivation 
 

32 
 

the type of each energy crop, the soil texture and the water 

availability.  

 

Figure 11: Sowing equipment used at Cambrils plantations 

The time of sowing depends on the crop type, the climatic 

characteristics of the area and the soil moisture. The dose of sowing 

is depends on crop varieties and the soil texture.  

4.2. Weed control 

Weed control is very important especially in the first year of the crop 

establishment. The weed control could be achieved by mechanical or 

chemical processes. Mechanical process includes light disking and 

chemical application herbicide application during the establishment 

phase as grasses and weeds are compatible to energy crops.  

4.3. Crop harvesting 

Depending on the type of the cultivated crop and the expected yield 

as well as the harvesting cost the farmer can choice the appropriate 

harvesting equipment. In the most cases of energy crops a common 

cereal harvester can be used for harvesting operations. Regarding 

the appropriate period of harvesting it depends on the crop type and 

the climatic conditions. Generally, harvesting should be carried out 

when biomass production reaches its peak and the optimum moisture 

level. 
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5. Suitable energy crops for biomass production 

 

The bioenergy crops that considered in this manual include: 

 barley 

 cardoon 

 sweet sorghum 

 sunflower 

 switchgrass  

 triticale 

 

These crops have been tested in Coop Cambrils facilities located in 

the region of Tarragona, Spain into the framework of the Life Coop 

2020 project.  

5.1. Barley (Hordeum vulgare L.) 

 

 

Barley (Hordeum vulgare L.) 

Family Poaceae 

Type of crop Annual 

Soil texture heavy clays to light 

or sandy loams 

pH 6-8 

Water 

requirements 

390-430mm rainfall 

Uses Animal Fodder; 

Beer production; 

Biomass & Bioethanol 

production 

 

Biomass yield  1-3tn/ha 

Heating value 17.5-18.5 MJ/kg 

5.1.1. Brief description 

Barley belongs to the genus Hordeum in the tribe Triticeae of the 

grass Family Poaceae [5]. Barley is mostly used for feed and fodder 

besides being a significant crop industrially, particularly in 

manufacture of beer. However, last decades barley is cultivated for 

bioethanol and biomass production [6]. 
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5.1.2. Ecological requirements 

Barley requires a shorter growing period and needs an average 

temperature of 15 to 17 oC during flowering. The annual 

temperatures required range from 5 to 27 0C [7].  

Barley can be grown on a wide range of soils ranging from heavy 

clays to light or sandy loams. The preferred pH ranges from 6 to 8 

[7]. 

The seasonal water requirement for barley depends on the variety, 

targeted yield and crop management. Actually, barley is a drought 

tolerant crop and requires 390 to 430mm of rainfall for optimum yield 

[7].  

The type of applied fertilizers is depended on soil types.  

 

Figure 12: Barley cultivation at Cambrils 

5.1.3. Soil preparation 

The soil preparation is very similar to wheat. In the case of barley 

cultivation follows an autumn cultivation a ploughing is recommended 

for the previous crop residues molding and weeds control. Then a soil 

treatment with harrow or cultivator is needed for the appropriate 
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seedbed preparation. If the establishment of barley follows spring 

cultivation then a simple ploughing and harrowing is needed in 

conjunction with integration of previous crop residues integrating. 

 

Figure 13: Soil preparation before barley sowing at Cambrils 

 

5.1.4. Establishment 

Barley is planted by seeds. Seedbed preparation is very similar to 

wheat. Barley is typically sown at a depth of 2-4cm and in a 

recommended seeds quantity of 60-120kg/ha [6], [8]. Barley types 

are sowed mainly from early April until early June. 

5.1.5. Weed control  

Barley is very sensitive to competition from weeds and early control 

measures will therefore enhance the yield potential. Weed control can 

be carried out using mechanical equipment.  
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5.1.6. Pests and diseases  

Aphids, leatherjackets and slugs are the main pests of barley; 

however barley is vulnerable to various pests. Use of resistant 

cultivars, certified and disease-free seeds as control mechanisms for 

pests and diseases is encouraged.  

5.1.7. Harvesting and biomass production  

Barley is ready for harvesting in about four months after sowing. The 

harvesting takes place when the moisture content of barley ranges 

from 12% to 18% (w/w) and the using equipment is the common 

cereal harvester. The biomass production ranges from 1-3tn/ha [8]. 

 
Figure 14: Barley harvesting at Cambrils 

 

 

  



LIFE 13 ENV/ES/1513Coop 2020: Information manual for bioenergy crops 
cultivation 
 

38 
 

5.2. Cardoon (Cynara Cardunculus  

 

Cardoon (Cynara cardunculus) 

Family Compositae 

Type of crop Perennial (15years) 

Soil texture loamy, deep and 

basic soils 

pH 5.5-8 

Water 

requirements 

rainfall> 500mm 

Uses biofuel; oil from 

seeds; paper pulp;  

Biomass yield  2.5-5 tn/ha 

Heating value 16.5-19.5 MJ/kg 

5.2.1 Brief description  

Cardoon is a lignocellulosic perennial crop, native to the 

Mediterranean regions. It is considered as a bioenergy crop with 

many applications such as for solid biofuels, for oil production, for 

paper and pulp, etc. and it is considered suitable to drought 

conditions of semi-arid Mediterranean environments, because it has 

low water requirements.  
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Figure 15: cardoon plantation at Cambrils 

 

5.2.2. Ecological requirements 

Cardoon is a perennial crop that during its natural cycle sprouts in 

autumn, passes the winter in a rosette form and in spring develops a 

floral scape that dries in the summer while the remnant roots stay 

alive. Beginning in the autumn, the buds in the upper part of the 

roots develop a new rosette in order to continue the cycle for several 

years. Thanks to deep root system, it is able to extract water and 

nutrients from very deep soil zones and as a result, in non-watering 

conditions, using the rainwater accumulated during autumn, winter 
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and spring, the total biomass production can rise to 20-30 dry tn/ ha/ 

year [9].  

 

5.2.3. Soil preparation 

Soil preparation is analogous to land preparation for cereal sowing 

[9]. Depending on soil fertility an adequate basal dressing is 

recommended. After basal dressing, sub soiling (90 cm deep, in the 

presence of limestone) and ploughing are recommended and a 

thorough harrowing should be followed. 

 

5.2.4. Establishment 

The establishment of a plantation is carried out from seed in the first 

year [10]. Autumn sowing should be performed as soon as conditions 

allow, in order letting the plant develop the cold hardier rosette 

before the first form. The seeds germinate easily as long as soil 

moisture (close to field capacity) and air temperature (15–250C) are 

favorable. For this reason, sowing time can be either autumn or 

spring in the Mediterranean climates. 

 

 

Figure 16: Sowing of cardoon at Cambrils 
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Sowing distances of 0.75–0.80m between rows are recommended. 

The row distance may vary as a function of the available machinery 

and required plant density. A sowing density of about 10,000 seeds 

per ha is recommended for most cases. 

5.2.5. Weed control  

Weed control is especially important throughout the first year of the 

crop and it can be done either by using herbicides (alachlor, linuron 

and trifluralin) or by passing the cultivator, whichever is preferred. 

No weed control is required after the crop canopy covers the ground. 

In the following growth cycles the growth of the leaf rosette is usually 

fast enough to counter the weeds, so generally no weed control is 

required from the second year onwards. 

5.2.6. Pests and diseases 

In what concerns the pests’ control, cardoon is considered very 

resistant crop. The pests occasionally reported for cynara are some 

species of aphids, stemborers, leaf eaters, leaf-borers, leaf-miners, 

cutworms, flies and moths. The crop should be periodically checked 

in spring and autumn for the presence of aphids and leaf eaters 

because these pests can reproduce rapidly. 

 

5.2.7. Harvesting and biomass production 

The aerial biomass is harvested in summer (from July to September), 

as soon as it dry, and always before diffusion of the seeds. In order 

to harvest the whole biomass in one operation cycle, a self-propelled 

baler would have to be developed. Seeds and lignocellulosic biomass 

have been separately harvested by means of a combine-harvester 

followed by a swath-rake and a baler. 

The studies conducted within the framework of R&D European 

projects showed that the biomass production of cynara ranges from 

10-20 dry tons per ha per year if the crop is well established and 

rainfall is higher than 500mm per year [11], [12]. In abandoned or 



LIFE 13 ENV/ES/1513Coop 2020: Information manual for bioenergy crops 
cultivation 
 

42 
 

contaminated lands the biomass production ranges from 2.5 to 5 dry 

tons. 

 

Figure 17: Appropriate time cardoon should be harvested 

 

Figure 18: Cardoon harvesting at Cambrils 
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5.3. Sweet sorghum (Sorghum bicolor (L) Moench 

 

Sweet sorghum (Sorghum bicolor (L) Moench 

Family Poaceae 

Type of crop Annual 

Soil texture clay to sandy types 

pH 5.5-8.5 

Water 

requirements 

45-65mm annual 

rainfall 

Uses fodder and biofuels 

production 

Biomass yield  2.2-7.5 dry tn/ha 

Heating value 16.6-20.1 

5.3.1. Brief description  

Sorghum is a C4 annual plant and belongs to the family of Poaceae. 

Sorghum is a drought tolerant crop with high resistance to saline-

alkaline soils, and sweet sorghum may serve as an alternative 

summer crop for biofuel production in areas where irrigation water is 

limited [13]. 

It is considered as an excellent crop for fodder and biofuels 

production. It is well adapted to sub-tropical and temperate regions, 

being highly biomass-productive and water efficient. It grows rapidly, 

widely and is easily cultivated over a wide range of climates. It has 

high productivity and it does not need much fertilizer, pesticides or 

irrigation [13]. 

5.3.2. Ecological requirements 

Sorghum will grow in low fertility, moderately acidic and highly 

alkaline soils, but it is best adapted to fertile, well drained soils at a 

pH between 6.0–6.5, however its growth is carried out in wide pH 

range from 5.5 to 8.5. Sorghum is relatively drought tolerant 

compared with many other row crops, and adapts well in a wide range 

of soils, from clay to sandy types.  

Sorghum requires about 26-30oC temperature for good growth. 

Sorghum is best adapted to areas having an average annual rainfall 

height from 45 to 65 cm. 
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5.3.3. Soil preparation 

The agronomic practices for the land preparation are similar to 

practices that are employed for maize planting. Sorghum needs full 

seedbed preparation for successful development. For autumn 

cultivation a simple ploughing at moderate depth is recommended for 

the maintenance of soil moisture and aeration and the protection of 

weeds. For spring cultivation a simple soil treatment with soil 

cultivator to ensure uniform and rapid crop development as well as 

effective weed control. In Figure 19 is presented the land preparation 

took place at Cambrils before the establishment of Sorghum. The land 

preparation involved land weed removing, soil inversion and tillage 

with disc harrow.  

 

 

Figure 19: Land preparation at Cambrils facilities for sorghum cultivation 
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5.3.4. Establishment 

The sowing depth depends on the size of the seeds, from 2 cm for 

the smallest seeds to 4 cm for the largest. The seeds are normally 

sown individually using either mechanical or pneumatic drills. The 

sowing date depends on the soil and climatic conditions; the soil 

should have a temperature of at least 12°C, otherwise if the soil 

temperature is too low, the seeds will not germinate correctly and the 

reserves may be exhausted before autotrophy is established. In 

addition, sowing must occur early enough to allow the plants to 

complete their growth cycle [14]. 

 

 

 

Figure 20: Sorghum cultivation at Cambrils 

 

5.3.5. Weed control  

Weed control in sorghum is best achieved with an integrated 

approach based on crop rotations and herbicides or tillage, which 

enhances the ability of sorghum to compete with weeds. Repeated 

tillage before sorghum planting can effectively control weeds [14]. 

5.3.6. Pests and diseases 

Diseases of sorghum, like those of other crops, vary in severity from 

year to year and from one locality or field to another, depending upon 

environment, causal organisms, and the host plant’s resistance [14]. 
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The most common pests that affect sorghum are grasshoppers, 

yellow-winged locusts and various caterpillars which damage 

sorghum at establishment. These problems can arise in no-tillage 

areas. The first step for the pest management is the crop monitoring 

for insects in order to avoid the using of pesticides.  

5.3.7 Harvesting and biomass production 

The harvesting takes place 3-4 months after establishment and is 

carried out by the using of combine harvesters. The biomass 

production ranges from 2.2-7.5 dry tons per hectare. 

 

 
Figure 21: harvesting of sorghum plantations at Cambrils  
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5.4. Switchgrass  

 

Switchgrass (Panicum Virgatum L.) 

Family Poaceae 

Type of crop Perennial 

Soil texture sand to clay 

pH 4.9-7.6 

Water 

requirements 

Low 

Uses soil conservation; 

forage production; 

ethanol and 

electricity 

production 

Biomass yield  

Heating value 

5-21tn/ha 

17-18MJ/kg 

5.4.1. Brief description 

Switchgrass is a tall perennial C4 grass propagated by seed that can 

be established at low cost and risk, and requires very low inputs, 

while giving high biomass yields even on marginal soils [9]. It is used 

for soil conservation and forage production under hot, dry conditions 

but also since 1990’s the crop has been developed by the United 

States Department of Energy and by Europe countries as a model 

herbaceous energy crop for ethanol and electricity production. 

5.4.2. Ecological requirements 

Switchgrass does well on a wide variety of soil types from sand to 

clay loam soil sand tolerates soils with pH values ranging from 4.9 

to7.6 [16]. It is drought tolerant and grows well on shallow rocky 

soils. At the same time, it is also tolerant to wet areas.  

5.4.3. Soil preparation 

The successful establishment of switchgrass involves weed control, 

seed bed preparation by harrowing or disking and good contact 

between soil and seeds.  

 

5.4.4. Establishment 

The switchgrass is established by seeds. This makes the 

establishment relatively cheap but it is also difficult and is planted at 
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same time as maize [17]. Approximately 100 to 200 seedlings 

emerging per m2 should be sufficient. This will generally require 

between 5 and 15 kg of seed per ha. A common cereals seed drill can 

be used for seed drilling. One important rule is to roll the seedbed 

before and after seeding. This is necessary for good seed to soil 

contact and to be able to place the seed at a depth of 0.5 to 2 cm. If 

the soil has a courser texture deeper seeding may be recommended 

[18].The resulting growth is 0.5-2.5 m tall depending on the maturity 

of the crop. 

Switchgrass makes very efficient use of nutrients especially if delayed 

harvest in winter or early spring is practiced. If the fertilization levels 

are sufficient (for N, P. and K), the general recommendation is to not 

fertilize in the establishment year as this will only benefit the weeds. 

5.5.5 Weed control  

One of the most crucial issues of switchgrass management is the 

reduction of the competition from weeds especially in the first year 

of the plantation, which is a major cause of seeds establishment 

failure. Although there are not herbicides that can be used for weed 

competition in switchgrass, atrazine will control the weeds in young 

cultivations.  

5.5.6. Pests and diseases 

Rusts, smuts, leaf spots, and crown and root rots are the main fungal 

diseases that have been recognised in switchgrass cultivations. The 

most common fungal diseases include damages from Rhizoctonia 

spp., Pythium spp., Phytophthora spp., and Puccinia spp. Disease 

control is achieved by establishing tolerant varieties and applying 

specific fungicides.   

Regarding damages caused by pests, commonly found insects in 

switchgrass include locusts (Melanoplus spp), grasshoppers 

(Caelifera) and leafhoppers.  
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5.5.7. Harvesting and biomass production 

Optimal productivity occurs in two to three years and it has a long-

term productivity potential of greater than 15 years. It is harvested 

from October to December. This winter cut means that most minerals 

have been relocated to rhizomes, which improves quality of 

combustion and the dry matter content. Summer and winter 

harvesting are possible in South European conditions though the 

former may affect the longevity of crop. Yields of between 5.0 and 

21.0 t dry matter (dm)/ha have been achieved in Greece, Italy and 

Spain. An annual gross energy yield of 18.0 MJ/kg of dry matter has 

been calculated [19]. 
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5.5. Sunflower (Helianthus Annuus L.) 

 

Sunflower (Helianthus Annuus) 

Family Compositae family 

Type of crop Annual 

Soil texture sandy to clay soils 

pH 5.7-8 

Water 

requirements 

medium 

Uses biodiesel 

Biomass yield  1.7-4tn/ha 

Heating value 16-18.3MJ/kg 

5.5.1. Brief description  

Sunflower belongs to the genus Helianthus of the Compositae family. 

The genus Helianthus was named using the Greek helios meaning 

sun, and anthos, flower. The inflorescence of the plants of this family 

is heads in which the fertile flowers are aggregated and bordered by 

rays, the corollas of sterile flowers. The genus Helianthus includes 67 

annual and perennial species [9]. 

5.5.2. Ecological requirements 

Sunflower is a well-adapted crop under various climatic and soil 

conditions. With its well-developed root system it is one of the most 

drought-resistant crops and considered suitable for the southern 

semi-arid countries [16]. Sunflower grows on a variety of soils 

ranging from sandy soils to clay. In low-fertility soils its performance 

is better in comparison with other crops such as corn, potato and 

wheat. Sunflower is not highly sensitive to soil pH. The crop is grown 

commercially on soils ranging in pH from 5.7 to over 8. It is 

considered slightly susceptible to salt. 

5.5.3. Soil preparation 

The land preparation needed for sunflower cultivation is familiar to 

corn. For winter plantations a simple ploughing can be used for soil 
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and air conservation. For spring plantations a simple cultivator can 

be used for the seedbed preparation and weed control.  

 

 

Figure 22: Land preparation of sunflower cultivation at Cambrils 

5.5.4. Establishment  

The limiting factor for the sowing of sunflower is the soil temperature 

which must be greater over 10oC [6]. Sunflower can be planted at a 

wide range of dates, as most cultivars are earlier in maturity than the 

length of growing season in most areas. In areas of the world with no 

winters, sunflower has been planted at any month of the year to 

obtain satisfactory yields [17]. With no irrigation the recommended 

density is 50,000-55,000 plants per ha. Seed rates range between 5 

and 15kg/ha. Distances of 75cm between rows and 10cm within rows 

are very common [6], [9]. 

 



LIFE 13 ENV/ES/1513Coop 2020: Information manual for bioenergy crops 
cultivation 
 

52 
 

 

Figure 23: Sowing of sunflower at Cambrils 

5.5.5. Weed control  

In the early growth stages sunflower is sensitive to weed competition. 

A pre-emergence harrowing, followed by cross-harrowing of the crop 

in the seedling stage, is recommended. Immediately after plant 

establishment, cultivation should be undertaken as required. Pre-

sowing and/or pre-emergence herbicides are used for the control of 

certain weeds (Figure 24) [9]. 

 

Figure 24: Herbicide application at Cambrils 

 



LIFE 13 ENV/ES/1513Coop 2020: Information manual for bioenergy crops 
cultivation 
 

53 
 

5.5.6. Pests and diseases 

The most serious diseases of sunflower are caused by fungi. The 

major diseases include rust, downy mildew, verticillium wilt, 

sclerotinia stalk and head rot, phoma black stem and leaf spot [17]. 

Birds can be major pests in sunflowers. Especially important are 

blackbird, goldfinch, dove, grosbeak and sparrow.  

5.5.7. Harvesting and biomass production  

Sunflower heads should be fully mature before harvesting. A practical 

indication of the appropriate stage for harvesting is when the backs 

of the sunflower heads are yellow and the outer bracts are beginning 

to turn brown. The harvesting usually takes place between August 

and October. After harvesting a significant amount of plant residues, 

mainly stalks, that remain in the field. On average, stalk residues are 

estimated as twice as much the seed production. This quantity 

corresponds to 1.7-4tn/ha [16]. These residues have a high gross 

heating value of about 16 to 18.3 MJ/kg of dry matter. 
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5.6. Triticale (Triticosecale) 

 

Triticale (Triticosecale) 

Family Poaceae 

Type of crop Annual 

Soil texture Adaptation in a 

wide variety of 

soil types 

pH 4.5-8 

Water 

requirements 

Low 

Uses Fodder crop 

Biomass yield  2.1-6.9 

Heating value 16.6-20.1 

5.6.1. Brief description  

Triticale is the first man-made cereal grain crop species resulting from 

the hybridization of wheat (Triticum)with rye (Secale), the name of 

which combines the scientific names of the two genera 

involved.Triticale is grown for both forage and grain, although the 

last years is been studied as an energy crop. 

5.6.2. Ecological requirements  

Triticale is a cereal crop adapted to less favorable soil conditions. It 

is suitable for low input farming because of lower demands on 

pesticides application [22].Triticale is suited to all soil types but has 

a significant yield advantage over wheat and barley when grown in a 

number of problem soil situations including acidic (pH<4.5) and 

alkaline soils [23]. 

 

Figure 25: Triticale plantation at Cambrils 
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5.6.3. Soil preparation  

The soil preparation of triticale (Figure 26) is similar to wheat. 

 

 

Figure 26: Land preparation of triticale at Cambrils 

5.6.4. Establishment 

Seedbed preparation for triticale is very similar to wheat. According 

to Anderson [23], the optimum population (the population resulting 

in maximum grain yield) is higher under higher yielding conditions 

and varied between about 80 and 190 plants per m2 for grain yield 

levels ranging from 2.1 to 6.9 t/ha. This corresponds to optimum 

seed rates of from about 30 to 150 kg/ha depending upon seed size 

and expected field establishment. 
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Figure 27: Triticale plantation at Cambrils, March 2016 

5.6.5. Weed control 

Triticale has been shown to be more competitive against annual 

ryegrass than wheat, however a sound weed control must be 

implemented to avoid a blow-out in weed seed numbers and to 

optimize yield. It is vital to control weeds early in the crop’s growth. 

Once the crop grows it then becomes more competitive.  

5.6.6. Pests and diseases  

Insect problems in triticale are generally not serious but are similar 

to that of the other small grain crops. Ergot is the most serious 

disease of spring triticale and can cause grain palatability problems 

as well as health problems in animals. Scab is frequently more serious 

in the winter types. Leaf rust is more severe on triticale than on the 

more resistant hard red spring wheat varieties. No fungicides are 

cleared for use on triticale [24]. 

5.6.7. Harvesting and biomass production  

The correct stage to harvest whole-crop silage is when the grain has 

reached its full size and weight, but before it becomes hard. The 

harvesting of triticale is carried out with common cereal harvesters. 

The biomass yields ranges from 2.1 to 6.9 t/ha.  
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Figure 28: Harvesting of triticale plantations at Cambrils 

 



6. Case study of energy crop plantations at Cambrils  

 

In this section are provided the bioenergy crops activities which took 

place at Cambrils into the framework of the Life Coop 2020 project. 

The general facts of the bioenergy crops cultivations at Cambrils are 

presented in Info Box 9. 

Info Box 9: General facts of bioenergy crops cultivations at Cambrils 

Location of the experimental plots  

The bioenergy crops were established at the facilities of Cambrils Cooperative in Cambrils, 

Tarragona. Cambrils features a warm and hospitable climate for the majority of the year. 

Situated on the northern east coast of Spain Cambrils Mediterranean climate assures 

plenty of warm sunshine all year round. The annual rainfall is lower than 550mm and the 

evapotranspiration ranges from 850 to 1,000 mm. 

General information for each crop cultivated at Cambrils  

In this section are provided useful information regarding the agricultural practices took 

place during the Life Coop 2020 project for each crop. The agricultural practices include: 

 location and land area 

 time and equipment used for soil preparation 

 period of sowing and seed rates,  

 type of fertilization mixture and doses applied  

 harvesting period and biomass production 

Plantation costs of each crop 

The plantation costs are provided separately to each bioenergy crop and operation (e.g. 

land preparation, sowing etc) and compared with typical values from literature. Plantation 

costs are based on Coop Cambrils information. 

Biomass fuel characteristics 

In this section the laboratory analysis results are set out in order to assess the capability 

of these types of bioenergy crops to been cultivated for energy purposes. The analysis 

results have been assessed according to the EN 14961 standard methods. Chemical 

analysis took place at CERTH facilities in Ptolemais.  

 

Info Box 10 presents the procedures, standard methods and 

equipment used for the laboratory analysis at CERTH’s facilities and 

Info Box 11 presents a brief description of each standard method. 
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Info Box 10: Procedure, standard methods and equipment used for biomass analysis 

Procedure Standard Methods Equipment 

Total moisture 

 

EN 14774-01/ ISO 18134-1 

Determination of moisture 

content 

 

Ash content 

 

EN 14775 – ISO 18122 

Determination of ash 

content 

 

 

Volatiles Content 

EN 15148- ISO 18123 

Determination of volatiles 

content 

 

Heating value 

 

EN 14918- ISO DIS 18125 

Determination of calorific 

value 

 

Elemental analysis 

 

EN 15104- ISO 16948 

Method for the 

determination of C,N,H,S 

analysis 

 

S and Cl analysis 

EN 15289- ISO 16994 & 

ASTM D 516  

Determination of total 

content of sulfur and 

chlorine 

 
 

Minor elements analysis 

EN 15297- ISO 16968 

Determination of minor 

elements 
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Info Box 11: Brief description of standard methods used 

Total moisture 
The sample is placed in a pan and introduced into a furnace where it 

remains at a temperature of 105°C during a period not longer than 

24 h. The moisture content is obtained by weighing the material. 

Ash content 

The sample is introduced into the Thermo Gravimetric Analyzer 

(TGA) whose temperature is increased up to 250°C (increase of 

5 Cmin−1). The temperature is kept for 60 min and is then increased 

again until it reaches 550°C, keeping that temperature for 120min. 

Volatiles Content 
The sample is introduced into the Thermo Gravimetric Analyzer 

(TGA) whose temperature is increased up to 900°C. The temperature 

is kept for 7 min. 

Heating value 

Due to the low density of the sample it tested in a pellet form by 

using a pellet press to produce a compact test piece. 

Therefore, a bomb calorimeter of the type Parr 6400 is used because 

it is able to withstand with security the high pressure generated 

during the combustion process. 

Elemental analysis 

The method is based on the oxidation of the sample which converts 

all organic substances into combustion products. The resulting 

combustion gases passes through a reduction furnace and are swept 

into the chromatographic column by the carrier gas (helium) where 

they are separated and detected quantitatively by appropriate 

instrumental gas analysis procedures. The samples are held in a 

suitable container and then dropped inside the quartz tube furnace 

at about 975°C in an oxygen stream for complete oxidation in the 

presence of a catalyst layer. Excess oxygen is removed by contact 

with copper, while nitrogen oxides are reduced to elemental 

nitrogen. 

S and Cl analysis 

The determination by this method is performed in two steps. In the 

first step the sample is combusted in an oxygen bomb and then the 

produced gases are absorbed in an absorption solution. In the 

second step S and Cl are determined by the using of anion 

chromatography.  

Minor elements analysis 

Specific amount of the sample is mixed with 2.5 ml H202 (30%), 5ml 

HNO3 (65%) and 0.4ml HF (40%). Then the sample is subjected to 

microwave digestion with the following procedure:  

Microwave oven: Heat to 190oC in about 15 minutes and hold for 60 

to 190oC.  
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6.1. Barley cultivation 

The cultivation of barley was established during November 2016. 

Taking into account the low rainfall height and the fact that the land 

was abandoned and unproductive, the crop development and the 

biomass production verified as satisfactory. In next paragraphs 

detailed information is given about the barley cultivation, the 

monitoring and the laboratory analysis results.    

6.1.1 General information  
 

Info Box 12: Barley cultivation info, Life Coop 2020, Cambrils  

Location Land area 

 

Coop Cambrils facilities 1.8ha 

Soil preparation 

Time of soil preparation September 2016 

Soil preparation equipment Disc Harrow / Curved Subsoiler 

/Plough / Cultivator 

Sowing 

Sowing period November 2016 

Sowing equipment seed drill 

Seeds density 100kg/ha 

Fertilization 

Fertilization dose 300kg/ha 

Fertilization type mixture of 21-0-0 & 15-15-15 

Harvesting 

Harvesting period June 2017 

Biomass production (tn/ha) 0.9  

 

6.1.2. Plantation cost 

 

The plantation cost of barley amounted to 1110€/ha (Table 1). Graph 

2 and Graph 3 show that the cost distribution per operation is as 

follows:  

 land preparation: 27% 

 sowing: 13.5% 

 fertilization: 38.5% 

 weed control: 4.5% 

 harvesting: 16.7% 
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Compared to the typical cost of barley establishment, the total cost 

of the barley plantation in Cambrils is close to the typical cost values.  

Table 1: Barley plantation cost 

 Operation Type of cost 
Cost 

(€/ha) 
typical cost values 

(€/ha) [27] 

land preparation  
mechanical equipment; fuel; 
personnel  

300 170-250 

sowing  
seeds purchasing; mechanical 
equipment; fuel; personnel 

150 150-200 

fertilization  
Fertilizer purchasing; mechanical 
equipment; fuel; personnel  

425 350-400 

weed control  
herbicide purchasing; mechanical 
equipment; fuel; personnel  

50 50-60 

Harvesting  
mechanical equipment; fuel; 
personnel 

185 130 

Total cost 1110 850-1040 

 

 
Graph 2: Barley plantations costs 

 

 
Graph 3: Breakdown of operation costs for barley  
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6.1.3. Biomass fuel characteristics 

 

Table 2 shows the analysis results of barley. Proximate and ultimate 

analysis showed that the ash composition and the content of C, H and 

N are within the typical variation. 

The analysis results of chlorine and sulphur content are typical for 

cereal crops. 

With regards to trace elements concentration the sample of barley 

cultivation has typical concentrations of Cr, Cu, Mn, Ni, and Zn. The 

concentration of As and Hg has not been detected. 

 

Table 2: Biomass fuel characteristics of barley 

Characteristics Basis Units 
Analysis 
results 

Typical 
variation 

 

Total Moisture as received % 9.96 6.2-12.1 

 

Ash dry basis % 6.56 2-10 

Volatiles dry basis % 75.93 74-84 

Carbon dry basis % 45.36 41-50 

Hydrogen dry basis % 6.28 5.4-6.5 

Nitrogen dry basis % 0.43 0.2-1.5 

Sulfur dry basis % 0.10 0.05-0.20 

Chlorine dry basis % 0.45 0.1-1.2 

High Heating 
Value 

dry basis MJ/kg 18.06 16.6 -20.1 

Low Heating 
Value 

dry basis MJ/kg 16.7 15.8-19.1 

Cd dry basis mg/kg 0.02 0.05-30 

Cr dry basis mg/kg 0.35 1-60 

Cu dry basis mg/kg 3.21 1-10 

Mn dry basis mg/kg 44.57 not specified  

Ni dry basis mg/kg 0.37 0.2-4.0 

Pb dry basis mg/kg 0.07 0.1-3.0 

Zn dry basis mg/kg 6.42 3- 60 

Hg dry basis mg/kg n.d. 0.02-0.05 

As  dry basis mg/kg n.d. <0.1-2.0 

 

6.1.4. Lessons learned  

 

Given the situations that the study area was abandoned and not be 

used for crops cultivation the biomass production as well as the 

analysis results can be verified as satisfactory. Regarding the 
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plantation cost, the renting of mechanical equipment increases the 

total cost of the barley cultivation.   
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6.2. Cardoon cultivation 

The cultivation of cardoon was established during November 2016 in 

a land area of 1.5ha. The seeds density was 6kg/ha and the total 

biomass production was amounted to 1.2tn/ha.  

6.2.1 General information  

 
Info Box 13: Cardoon cultivation info, Life Coop 2020, Cambrils 

Location Land area 

 

Coop Cambrils facilities 1.5ha 

Soil preparation 

Time of soil preparation March 2015 

Soil preparation equipment Disc Harrow / Curved Subsoiler 
/Plough / Cultivator 

Sowing 

Sowing period November 2016 

Sowing equipment seed drill 

Seeds density 6kg/ ha 

Fertilization 

Fertilization dose 550kg/ ha 

Fertilization type mixture of 21-0-0 & 15-15-15 

Harvesting 

Harvesting period July 2017 

Biomass production 1.2 tn/ha 

 

6.2.2. Plantation costs 

 

The total plantation cost of cardoon cultivation amounted to 

1100€/ha (Table 3) which is quite higher than the typical cost values. 

Significant role in that difference played sowing and harvesting 

operations.  

Graph 5 shows that the cost per operation breaks down as follows:  

 land preparation: 21.82% 

 sowing: 24.55% 

 fertilization: 12.73% 

 weed control: 18.18% 

 harvesting: 22.73% 
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Table 3: Cardoon plantation cost 

Operation Type of cost 
Cost 

(€/ha) 

typical 
cost 

values 
[27] 

land preparation  
mechanical equipment; fuel; 
personnel  

240 250 

sowing  
seeds purchasing; mechanical 
equipment; fuel; personnel 

270 200 

fertilization  
Fertilizer purchasing; mechanical 
equipment; fuel; personnel 

140 50-150 

weed control  
herbicide purchasing; mechanical 
equipment; fuel; personnel  

200 150 

Harvesting  
mechanical equipment; fuel; 
personnel 

250 150 

Total cost 1100 800-900 

 

 

 
Graph 4: Cardoon plantation cost 

 

 

 
Graph 5: Breakdown of operation costs for cardoon 
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6.2.3. Biomass fuel characteristics  

 

Table 4 shows the analysis results of cardoon. Proximate and ultimate 

analysis showed that the analysis results are within the typical 

variation. 

 

 
Table 4: Biomass fuel characteristics of cardoon 

Characteristic Basis Unit 
Analysis 
results 

Typical 
variation 

 

Total Moisture as received % 10.35 8-15 

 

Ash dry basis % 7.79 5-20 

Volatiles dry basis % 76.75 70-79 

Carbon dry basis % 48.51 42 -50 

Hydrogen dry basis % 6.4 5.3-6.5 

Nitrogen dry basis % 1.70 0.76-2.4 

Sulfur dry basis % 0.11 0.07-0.2 

Chlorine dry basis % 0.88 0.45-2 

High Heating Value dry basis MJ/kg 18.08 16.5-19.5 

Low Heating Value dry basis MJ/kg 16.70 13.2-15.5 

Cd dry basis mg/kg 0.02 not specified 

Cr dry basis mg/kg 1.21 not specified 

Cu dry basis mg/kg 4.01 not specified 

Mn dry basis mg/kg 15.25 16 

Ni dry basis mg/kg 1.18 not specified 

Pb dry basis mg/kg 0.09 0.5 

Zn dry basis mg/kg 9.4 14 

Hg dry basis mg/kg n.d. not specified 

As  dry basis mg/kg n.d. not specified 

 

  



LIFE 13 ENV/ES/1513Coop 2020: Information manual for bioenergy crops 
cultivation 
 

68 
 

6.2.4. Lessons learned   

 

The biomass production of cardoon cultivation was 1.2tn/ha for the 

first year of plantation. As cardoon is a perennial crop next harvesting 

operations will show greater yields. Apart from this, an irrigation 

application during dry months will increase the biomass production. 

Regarding the biomass characteristics, cardoon has a high heating 

value (≈18MJ/kg) and could be a suitable choice for heating and 

energy purposes. The high moisture content (≈10%) shows the need 

of a previous drying process before final utilization.   
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6.3. Sorghum 

The first trial of sorghum cultivation was established during March 

2015 in a land area of 1.25ha. The seeds density was 32kg/ha and 

the total biomass production was amounted to 5.6tn/ha. The second 

trial was established in May 2017 with no fertilizers application for 

comparison reasons. In a land area of 1.55ha, (περιμένουμε στοιχεία 

από coop). 

 

6.3.1 General information  

 
Info Box 14: Sorghum cultivation info, Life Coop 2020, Cambrils 

Location Land area 

 

Coop Cambrils facilities 1.25ha (1st) 1.55 (2nd) 

Soil preparation 

Time of soil preparation March 2015 (1st) 
May 2017 (2nd) 

Soil preparation 

equipment 

Disc Harrow / Curved Subsoiler 

/Plough / Cultivator 
Sowing 

Sowing period May 2015 (1st trial) 
May 2017 (2nd trial) 

Sowing equipment seed drill 

Seeds density 32kg/ ha (1st trial) 
25.8kg/ha (2nd trial) 

Fertilization 

Sowing period (1st trial) May 2015  
 

Fertilization dose 700kg/ha  

Fertilization type mixture of 21-0-0 & 15-15-15 

Sowing period (2nd trial) May 2017 (2nd trial) 

Fertilization dose no fertilization 

Harvesting 

Harvesting period October 2015 (1st trial) 
 

Biomass production 
(tn/ha) 

5.6  (1st trial) 
 

 

6.3.2. Plantation cost 

 

The plantation cost of sorghum amounted to 1930€. In comparison 

with typical cost values, it seems that the land preparation and 

harvesting costs are much greater than typical values. This can be 

justified firstly by the fact that Coop Cambrils had to clean the 

abandoned land before soil preparation and secondly by the fact that 
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the cost of renting the mechanical equipment is high. As regards as, 

the sowing and fertilization costs these are quite greater than typical 

values.  Graph 7 shows that the cost per operation breaks down as 

follows:  

 land preparation: 36.3% 

 sowing: 14.5% 

 fertilization: 15.5% 

 harvesting: 33.7% 

 

Table 5: Plantation cost of Sorghum 

 Operation Type of cost 
Cost 

(€/ha) 
typical cost 

values(€/ha) 

land preparation  
mechanical equipment; fuel; 
personnel  

700 150-200 

sowing  
seeds purchasing; mechanical 
equipment; fuel; personnel 

280 100-150 

fertilization  
Fertilizer purchasing; mechanical 
equipment; fuel; personnel 

300 150-200 

Harvesting  
mechanical equipment; fuel; 
personnel 

650 250 

Total cost 1930 650-800 [29] 

 

 
Graph 6: Sorghum plantation cost 
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Graph 7: Breakdown of operation costs for sorghum 
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6.3.3. Biomass fuel characteristics  

 

Table 6 presents the biomass characteristics of sorghum. Proximate 

and ultimate analysis showed that the ash composition and the 

content of C, H and N are within the typical variation. 

The analysis results of chlorine and sulphur content are typical for 

cereal crops.   

With regards to trace elements concentration the sample of sorghum 

cultivation has typical concentrations of Cr, Cu, Mn, Ni, and Zn. The 

concentration of As and Hg has not been detected. 

The comparison of the results between the two trials shows that the 

characteristics demonstrate very similar values with the exception of 

ash and nitrogen content.  

More specifically, the ash content measured in the sample of first trial 

was 2.58% and the ash content of the second trial was 7.28%. This 

is likely due to soil or sand contamination and heterogeneity of 

sorghum biomass.  

As regards as, the difference of nitrogen values between two trials, 

this possible can be explained by the higher nitrogen uptake of 

sorghum cultivation during the second trial.    

 

 

 
Table 6: Biomass characteristics of Sorghum 

Characteristics Basis Units 1st trial 2nd trial 
Typical 

Variation 
 

Total Moisture as received % 11.29 9.8 6.2-12.1 

Ash dry basis % 2.58 7.6 2-10 

Volatiles dry basis % 75.56 75.1 74-84 

Carbon dry basis % 51.64 47.96 41-50 

Hydrogen dry basis % 6.34 6.45 5.4-6.5 

Nitrogen dry basis % 1.65 4.15 0.2-1.5 

Sulfur dry basis % 0.18 0.12 0.05-0.20 

Chlorine dry basis % 0.61 0.57 0.1-1.2 

High Heating Value dry basis MJ/kg 18 17.9 16.6 -20.1 

Low Heating Value dry basis MJ/kg 16.6 16.5 15.8-19.1 

Cd dry basis ppb 0.05 0.09 0.05-30 

Cr dry basis mg/kg 2.99 2.76 1-60 
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Cu dry basis mg/kg 9.69 15.07 1-10 

 

Mn dry basis mg/kg 39.40 69.34 9-60 

Ni dry basis mg/kg 0.86 1.82 0.2-4.0 

Pb dry basis mg/kg 0.81 0.12 0.1-3.0 

Zn dry basis mg/kg 25.49 11.50 3-60 

Hg dry basis mg/kg n.d n.d 0.02-0.05 

As dry basis mg/kg n.d n.d <0.1-2.0 

 

6.3.4. Lessons learned   

 

The cleaning processes that take place in abandoned lands before soil 

ploughing practices increase the cost of land preparation process. The 

use of owned mechanical equipment will decrease the cost of sowing, 

fertilization and harvesting operations. Sorghum, like cardoon, has 

high heating value (≈18MJ/kg), however needs drying process before 

final utilization due to its moisture content (≈9.8-11.3 %). The high 

biomass yield shows that sorghum looks a promising crop and can be 

used as an alternative crop for energy and heating production.   
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6.4. Guineagrass 

 

6.4.1 General information  

 
Location Land area 

 

Coop Cambrils facilities 1.8 

Soil preparation 

Time of soil preparation March 2015 

Soil preparation equipment Disc Harrow / Curved Subsoiler 
/Plough / Cultivator 

Sowing 

Sowing period May 2015 

Sowing equipment seed drill 

Seeds density 8kg/ha 

Fertilization 

Fertilization dose 400kg/ha 

Fertilization type mixture of 21-0-0 & 15-15-15 

 

 

6.4.2. Plantation cost 

 
Table 7: Plantation cost of Guineagrass 

 Operation Type of cost 
Cost 

(€/ha) 

land preparation  
mechanical equipment; fuel; 
personnel  

700 

sowing  

seeds purchasing  40 

mechanical equipment; fuel; 
personnel 

100 

fertilization  

Fertilizer purchasing  150 

mechanical equipment; fuel; 
personnel 

320 

Total cost 1310 
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Graph 8: Switchgrass plantation cost 

 

 

 

 
Graph 9: Breakdown of operation costs for Switchgrass 
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6.5. Sunflower  

The cultivation of sunflower was established during October 2016. 

The amount of seeds sowed was 200,000 per hectare. The total area 

occupied 1.5ha and the fertilization dose of a mixture of 21-0-0 and 

15-15-15 was 500kg. Due to the lack of rainfall the biomass 

production was very low (0.14tn/ha).  

6.5.1 General information  

 
Info Box 15: Sunflower cultivation info, Life Coop 2020, Cambrils 

Location Land area 

 

Coop Cambrils facilities 1.5ha 

Soil preparation 

Time of soil preparation October 2016 

Soil preparation equipment Disc Harrow / Curved Subsoiler 
/Plough / Cultivator 

Sowing 

Sowing period October 2016 

Sowing equipment seed drill 

Seeds density 200.000 seeds/ha 

Fertilization 

Fertilization dose 550kg 

Fertilization type mixture of 21-0-0 & 15-15-15 

Harvesting 

Harvesting period July 2017 

Biomass production (tn/ha) 0.14 

 

6.5.2. Plantation cost 

The plantation cost of sunflower amounted to 1365€ per hectares 

which is greater than typical cost values. As it seems in Table 8, land 

preparation, sowing and fertilization costs are greater than typical 

which can be justified by the renting of mechanical equipment for the 

implementation of agricultural practices.  

Table 8: Plantation cost of sunflower 

 Operation Type of cost 
Cost 

(€/ha) 

typical 
cost values 
(€/ha) 

land preparation  mechanical equipment; fuel; 
personnel  350 150-200 

sowing  seeds purchasing; mechanical 
equipment; fuel; personnel  

220 150 

fertilization  Fertilizer purchasing; mechanical 
equipment; fuel; personnel  

400 200-250 
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weed control  herbicide purchasing; mechanical 
equipment; fuel; personnel  145 50-150 

Harvesting  mechanical equipment; fuel; 
personnel 250 200-250 

Total cost 
 

1365 750-1000 

 

 
Graph 10: Sunflower plantation cost 

 

 
 

Graph 11: Breakdown of operation costs for sunflower 
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6.5.3. Biomass fuel characteristics  

 

Table 9 presents the biomass characteristics of sunflower. The total 

moisture content is quite higher than the typical variation and the 

ash content is roughly equal to maximum moisture content values.  

In comparison with typical values it seems that the ultimate analysis 

results are within the typical variation. The chlorine content is little 

greater than usual.  

Finally, heating and trace elements values are within the typical 

variation. 

 
Table 9: Biomass characteristics of sunflower 

Characteristics Basis Units 
Analysis 
results 

Typical 
variation 

photo of the sample received 
at CERTH 

Total Moisture as received % 12 8-11.4 

 

Ash dry basis % 12.9 3-13 

Volatiles dry basis % 74.71 70 

Carbon dry basis % 42.41 42.74-60.33 

Hydrogen dry basis % 5.93 4.84-7.13 

Nitrogen dry basis % 1.47 0.9-3 

Sulfur dry basis % 0.19 0.10-0.21 

Chlorine dry basis % 1.2 0.7 

High Heating Value dry basis MJ/kg 16.64 16-18.3 

Low Heating Value dry basis MJ/kg 15.35 14.85-24.35 

Cd dry basis mg/kg 0.06 0.1-0.4 

Cr dry basis mg/kg 0.56 not specified 

Cu dry basis mg/kg 13.21 14.6-19.4 

Mn dry basis mg/kg 34.82 not specified 

Ni dry basis mg/kg 0.69 not specified 

Pb dry basis mg/kg 0.2 0.3-1.5 

Zn dry basis mg/kg 18.4 not specified 

Hg dry basis mg/kg n.d. <0.1 

 As  dry basis mg/kg n.d. not specified 
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6.6. Triticale 

The cultivation of triticale was tested in two trials. The first cultivation 

was established during October 2015 in an area of 1.55 hectares and 

the second one during September 2016 in an area of 1.25ha. The 

seeds density was 200kg and 220kg respectively, and the fertilization 

dose was 550kg for the first trial and 300kg for the second one. The 

biomass production was 1.37tn/ha and 0.72tn/ha for the first and the 

second trial respectively.  

6.6.1 General information  

 
Info Box 16: Triticale cultivation info, Life Coop 2020, Cambrils 

Location Land area 

 

Coop Cambrils facilities 1.55ha (1st trial) & 1.25ha (2nd 
trial) 

Soil preparation 

Time of soil preparation October 2015  

Soil preparation equipment Disc Harrow / Curved Subsoiler 

/Plough / Cultivator 
Sowing 

Sowing period October 2015 (1st trial) 

 September 2016 (2nd trial) 

Sowing equipment seed drill 

Seeds density (kg/ha) 200 (1st trial) & 220 (2nd trial) 

Fertilization 

Fertilization dose (kg/ha) 550 (1st trial) & 300 (2nd trial)  

Fertilization type mixture of 21-0-0 & 15-15-15 

Harvesting 

Harvesting period June 2016 (1st trial) 
June 2017 (2nd trial) 

Biomass production (tn/ha) 1.37 (1st trial)  
0.72 (2nd trial) 

 

6.6.2. Plantation cost 

Taking into account the typical cost values (Table 10) when 

comparing the plantations costs of two trials, it emerges that the 

costs of the second trial are closer to typical cost values (Graph 12). 

The cost of the first trial was much greater due to the land cleaning 

operation before soil preparation practices.  
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Table 10: Plantation cost of triticale 

 Operation Type of cost 
1st 

trial 
2nd 

trial 
typical cost values 

land preparation  
mechanical equipment; fuel; 
personnel  

1350 335 150-200 

sowing  
seeds purchasing; mechanical 
equipment; fuel; personnel 

200 185 150-200 

fertilization  
Fertilizer purchasing; mechanical 
equipment; fuel; personnel  

500 385 200-250 

Harvesting  
mechanical equipment; fuel; 
personnel 

550 185 150-200 

Total cost 2600 1090 650-850 

 

 
Graph 12: Triticale plantation cost 

 

 
Graph 13: Breakdown of operation costs for triticale (1st trial) 
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Graph 14: Breakdown of operation costs for triticale (2nd trial) 

 

6.6.3. Biomass fuel characteristics  

 

The biomass fuel characteristics of triticale are presented in the 

following table (Table 11). The analysis results seem to be within the 

typical values.  

 
Table 11: Biomass characteristics of triticale 

Characteristics Basis Units 1st trial 2nd trial 
typical 
values 

 

Total Moisture as received % 9.62 9.15 6.2-12.1 

 

Ash dry basis % 8.2 4.74 2-10 
Volatiles dry basis % 74.79 76.54 74-84 
Carbon dry basis % 47.13 46.33 41-50 
Hydrogen dry basis % 6.38 6.36 5.4-6.5 
Nitrogen dry basis % 0.86 0.38 0.2-1.5 
Sulfur dry basis % 0.20 0.08 0.05-0.20 
Chlorine dry basis % 0.78 0.383 0.1-1.2 
High Heating Value dry basis MJ/kg 17.73 18.44 16.6-20.1 
Low Heating Value dry basis MJ/kg 16.35 17.06 15.8-19.1 
Cd dry basis mg/kg 0.02 0.01 0.05-30 
Cr dry basis mg/kg 2.52 0.76 1-60 
Cu dry basis mg/kg 10.95 2.08 1 to 10 
Mn dry basis mg/kg 55.51 26.73 not specified 
Ni dry basis mg/kg 0.62 0.45 0.2-4.0 
Pb dry basis mg/kg 0.99 0.13 0.1-3.0 
Zn dry basis mg/kg 25.01 10.83 3- 60 
Hg dry basis mg/kg n.d. n.d 0.02-0.05 
 As  dry basis mg/kg n.d. n.d. <0.1-2.0 

 

6.6.4. Lessons learned   

 

The cleaning processes which take place before soil preparation in 

abandoned lands increase the total cost of triticale cultivation. 
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Regarding the biomass characteristics, the lower moisture and ash 

values than the aforementioned crops increase the energy content of 

triticale crop. The biomass yields can be considered satisfactory 

taking into account the excessive drying of the land and the poor soil 

quality of the abandoned land in the study area.   
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7. Comparison of energy crops established in Cambrils 

Given the biomass yields of the energy crops plantations in Cambrils 

(Table 12), the crop that recorded the highest biomass production 

among the other crops was sorghum. Sorghum biomass production 

amounted to 5.6 tones per hectare, which is within the typical values. 

The crop which recorded the lowest biomass production was 

sunflower. This can be justified to the lack of rainfall and the poor soil 

quality of the abandoned land. 

Regarding the biomass production by the other crops (barley, 

cardoon and triticale), these are roughly lower than typical values, 

however these can be considered as satisfactory taking into account 

the climatic conditions of the study area. 

 

Table 12: Biomass production by energy crops at Cambrils 

crop type 
harvested biomass 

(tn/ha) 

typical values 

(tn/ha) 

barley 0.9 1-3 

cardoon 1.2 2.5 

sorghum 5.6 2.2-7.5 

sunflower 0.14 1.5-4 

triticale 1.37 (1st trial) 2.1-6.9 

triticale 0.72 (2nd trial) 2.1-6.9 

 

 

Graph 15: Biomass production by energy crops at Cambrils 
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Regarding the plantation cost of the energy crops, the energy crop 

with the highest cost (>2,500€) was the 1st trial of the triticale 

cultivation establishment. This can be explained by the high cost of 

the cleaning processes which took place in the study area in order to 

clean the land (old trees, shrubs, brushes and weeds) before the soil 

preparation. This big difference in cleaning costs can be understood 

by observing the plantation cost of the 2nd trial of triticale. In this 

situation the land preparation cost was much lower than the 1st trial 

because of the fact that the land was ready for soil preparation and 

sowing. 

On the other hand, the energy crops with the lowest plantation costs 

were barley, the 2nd trial of triticale and cardoon, which costs 

amounted to 925€, 1090€ and 1100€ respectively.  

 

 

Graph 2: Plantation costs of energy crops 

 

Finally, the energy content of the tested energy crops is presented in 

Table 13. Except sunflower, which recorded the lowest energy 

content, the other tested crops recorded similar energy content 

values which are within the typical range. 
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Table 13: Energy content of tested crops 

crop type 

energy content 

measured 

(MJ/kg) 

typical values 

(MJ/kg) 

barley 18 17.5-18.5 

cardoon 18 16.5-19.5 

sorghum 18 16.6-20.1 

sunflower 16.6 16.6-18.3 

triticale (1st trial) 17.7 16.6-20.1 

triticale (2nd trial) 18.4 16.6-20.1 
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8.  Summary 

As it described in Section 3, the selection of bioenergy crops for 

energy purposes should be carried out in three steps.  

The first step includes the data collection regarding the study area 

characteristics (soil & climatic conditions data collection).  

The second step includes the data collection related to energy crops 

characteristics containing all needed information about ecological 

requirements, energy crop management (soil preparation, sowing, 

monitoring and harvesting) and biomass fuel characteristics.  

The third step includes the matching of study area and energy crops 

characteristics. For example, if the soil pH values of the study area 

range from 7 to 8, then the interested farmer has to select these 

types of crops which are well adapted to this range of pH values (e.g. 

barley, sorghum, sunflower, switchgrass etc). Moreover, the farmer 

will take into consideration and other criteria such as water 

availability or rainfall height. For instance, if the study area has an 

average annual rainfall lower than 500mm, then the farmer has to 

select these types of crops which are more likely to withstand such 

water conditions (e.g. barley, sorghum etc).  
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Diagram 5: Guidelines for the selection of suitable energy crops in abandoned lands 
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9. Replication activities 

The climatic and soil conditions, in relevance with environmental, 

economic and social aspects, are the main parameters for the 

selection of the appropriate energy crops. 

Moreover, the use of the harvested biomass for energy purposes will 

decrease the operation and maintenance cost of small and medium 

size agricultural enterprises.  

The methodology followed for the selection and establishment of 

energy crops in the region of Cambrils into the framework of Life Coop 

2020 project could be implemented and replicated in another 

European Regions.  

The successful and sustainable implementation and replication of 

such bioenergy projects will involve interactions among different 

parties such as public or private bodies, enterprises, agricultural 

cooperations and other interested parties (Info Box 17). 

The main role of local administrative bodies is the identification of the 

high priority issues such as the establishment of a legal framework 

for the utilization of alternative crops for energy purposes, the 

funding of such projects and land uses plans. 

Additionally, mining and extractive industries into the framework of 

land reclamation plans can use the land after the mining closure 

operations for the cultivation of bioenergy crops in cooperation with 

farmers, agricultural cooperations and bioenergy enterprises in order 

to restore degraded or abandoned lands, to invest in alternative crops 

and as a result to create new jobs and to improve the local socio-

economic characteristics.  

Substantial contribution is expected to be the participation of 

research entities in the level of knowledge transfer, provision of 

important information and technical support in order to encourage 

innovative activities and new products for the purpose for agricultural 

and rural development. 
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Info Box 17: Examples of replication parties 

Replication parties  

Local administrative bodies 

 

 General Directorate of Regional 

Rural Economy 

 Directorate of Agricultural Economy 

 Directorate of Energy, Industry  and 

Natural Resources 

Mining & Extractive industries

 

Power Production Units as well as 

Mining and Extractive industries can 

use the reclaimed land after mining 

operation closure for the cultivation of 

bioenergy crops (energy crops, short 

rotation coppice) for bioenergy 

purposes. 

Agricultural cooperations 

 

Agricultural cooperations active in the 

processing and marketing of 

agricultural products will cultivate their 

unused private land for bioenergy 

purposes. Moreover, these 

cooperations can use the organic 

wastes of their units operation. 

Bioenergy Enterprises  

 

Enterprises active in bioenergy sector 

can sign contracts with local farmers to 

secure the biomass supply.  
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Wood Enterprises 

 

Enterprises active in wood utilization 

sector can use wood production by-

products for the production of biomass 

fuels (pellets, briquettes and wood 

chips). Furthermore they can use these 

by-products to cover thermal and 

energy demands of the wood 

production unit.  

 

Institutions and universities will 

establish activities that promote and 

support similar actions on the basis of 

past experience gained during 

participation in similar projects. 
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10. Impacts of cultivation of bioenergy crops on abandoned 

lands 

The exploitation of abandoned lands for the cultivation of bioenergy 

crops without jeopardising food production can bring positive impacts 

in local communities through land rehabilitation, growing of 

employment and rural development.  These impacts can be divided 

into two categories: environmental and socio-economic. The 

following sub-sections analyse and provide commentary on each 

impact in turn.    

10.1. Environmental impacts 

The cultivation of bioenergy crops in abandoned lands under proper 

crop management which mainly include low mechanical equipment 

use and sustainable use of water resources and chemical inputs:  

 improves the soil and the air quality, through increasing of soil 

organic matter 

 enhances the water capacity,  

 decreases soil erosion and surface runoff, 

 contributes to the maintenance of biodiversity, the conservation 

of wildlife habitats and the creation of an attractive and well-

maintained landscape (Figure 29). 

 

 

Figure 29: Study area before and after cultivation of energy crops 

Before cultivation of 

energy crops 

After cultivation of 
energy crops 
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10.2. Socio-economic impacts 

The utilization of energy crops contributes to:  

 provide employment 

 to stabilize rural economy,  

 to maintain the rural infrastructure of equipment and supplies 

distribution and service 

 and to retain money into the rural economy 

 

 

 

 

  



LIFE 13 ENV/ES/1513Coop 2020: Information manual for bioenergy crops 
cultivation 
 

93 
 

11. Bibliography 

 

[1]  European Commission, "Directive of the European Parliament and of the 

Council on the promotion of the use of energy from renewable sources 

COM(2016) 767 final," Brussels, 2016. 

[2]  P. McKendry, "Energy production from biomass (part 1): overview of 

biomass," Bioresource Technology, pp. 83, 37–46, 2002.  

[3]  R. Lemus and R. Lal, "Bioenergy Crops and Carbon Sequestration," Plant 

Sciences, p. 24:1–21, 2005.  

[4]  S. C. Davis, W. Hay and J. Pierce, "Biomass in the energy industry: An 

introduction," BP p.l.c., London, 2014. 

[5]  National Soil Survey Center United States Departure of Agriculture, Field 

book for describing and sampling soils, 2012.  

[6]  B. Douglas, "Interpretation of Soil Testing Results," in Recommended Soil 

Testing Procedures for the Northeastern United States, New Jersey, 2011, 

pp. 111-118. 

[7]  Department of Health and Ageing of the Gene Technology Regulator, "The 

biology of Hordeum Vulgare L. (barley)," 2008. 

[8]  G. N. Skarakis, N. Korres and O. Pavli, "Energy Crops - Biofuels," 2008.  

[9]  Department of Agriculture, Forestry and fisheries of South Africa, "Barley," 

Pretoria, 2009. 

[10]  W. A. Department of Agriculture and Food, "What is the optimum plant 

density for your barley variety". 

[11]  N. Bassam, Handbook of Bioenergy Crops “A complete reference to species, 

development and applications”, 2010.  

[12]  S. Raccuia and M. Melilli, "Biomass and grain oil yields in Cynara 

cardunculus L. genotypes grown in a Mediterranean environment," Field 

Crops Research 101, p. 187–197, 2006.  

[13]  J. Fernandez, "Production and utilization of Cynara cardunculusL. biomass 

for energy, paper-pulp and food industry. Final Report JOUB 0030-ECCE," 

Commission of the European Communities, Brussels, 1993. 

[14]  J. Fernandez, "Cynara cardunculus network. Final Report AIRCTT 921089," 

Commission of the European Communities,, 1998. 

[15]  I. Vasilakoglou, K. Dhima, T. Karagiannidis and T. Gatsis, "Sweet sorghum 

productivity for biofuels under increased soil salinity and reduced irrigation," 

Field Crops Research 120, p. 38–46, 2011.  

[16]  S. Ture, "The potential use of sorghum as a non polluting source of energy," 

Energy Vol. 22 No. 1. , pp. 17-19, 1997..  

[17]  D. Wolf and D. Fiske, "Planting and managing switchgrass for forage, 

wildlife and conservation. Extension agronomist Forages. Virginia Tech. 

Virginia Polytechnic Institute and State University," p. 418–013, 1995.  

[18]  D. G. Christian, "Management guide for planting and production of 

switchgrass as a biomass crop in Europe, Chapter 10. In: Switchgrass 

(Panicumvirgatum L.) as an alternative energy crop in Europe. Final Report 

FAIR 5-CT97-3701," 2003. 

[19]  H. W. Elbersen, "Switchgrass (Panicum virgatum L.). A perennial biomass 

grass for efficient production of feedstock for the biobased economy," 2013. 

[20]  Energy Research Centre of the Netherlands, "Phyllis2 - Database for 

biomass and waste". 

[21]  G. Riva, E. Foppapedretti and C. d. Carolis, "Handbook on Renewable 

Energy Sources," ENER Supply, 2012. 



LIFE 13 ENV/ES/1513Coop 2020: Information manual for bioenergy crops 
cultivation 
 

94 
 

[22]  D. R. Hicks, D. H. Putnam, E. S. Oplinger, B. R. B. R. Durgan, D. M. 

Noetzel, R. A. Meronuck, J. D. Doll and E. E. Schulte, "Alternative field crops 

manual," 1990.  

[23]  M. Mergoum, H. Pfeffer, J. Peña, K. Ammar and S. Rajaram, "Triticale crop 

improvement: the CIMMYT programme.," in Triticale improvement and 

production: FAO plant production and Protection, Rome, 2004, p. 11–26. 

[24]  W. Anderson, "Plant Populations for triticale," Mediterranean Environment 

Field Crops Research 8, p. 281—295, 1984.  

[25]  E. Oelke, E. Oplinger and A. Brinkman, Triticale in Alternative Crops Manual, 

1989.  

[26]  S. Phelan, "Crops Costs and Returns," Agriculture And Food Development 

Authority, 2017. 

[27]  C. Panoutsou, "Socio-economic impacts of energy crops for heat generation 

in Northern Greece," Energy Policy 35, p. 6046–6059, 2007.  

[28]  J. E. Carrasco, "Sustainability of energy crops in Spain," 2011.  

[29]  G. Riva and E. Foppapedretti, "Handbook on Renewable Energy Sources, 

ENER Supply," 2012. 

 

 


