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Preface
The main objective of Life Coop 2020 project is the demonstration of the
economic and environmental variability of a new business model for
agricultural cooperatives, integrating energy savings and the generation of
renewable energies and biomass production.
For this purpose the project involves the following actions:
This deliverable aims to meet the needs of the preparatory action A.2.
The objective of the action A2 is the analysis of the test area for the
establishment of suitable crops for energy purposes. For this purpose, the
Cooperative of Cambrils provided a test area of 7.5 ha which is abandoned
arid and bare. This pilot plot has been divided into four (4) test plots for
the establishment of four (4) energy crops selected by CERTH in
cooperation with Cooperative of Cambrils.
The selection of energy crops was carried out according to the following
criteria:


irrigation requirements



growing conditions



yield potential and energy content



maintenance (chemical inputs)



market

The main objectives of the Action A.2 were achieved. A brief description of
the sections of the deliverable is the following.
The first section includes a brief introduction for the biomass resources
and their contribution to the energy needs cover.
The second section includes the soil testing that should be carried out for
the soil characterization. The soil testing consists of two stages: the soil
sampling and the soil analysis.
The pilot area is described in the third section. In specific, the climatic and
the soil conditions of the area are presented. A literature review of the
energy crops that could be cultivated in the pilot area is presented in the
fourth section. The fifth section includes the agronomic characteristics of
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12 potential crops that could be cultivated in the test area according to
the soil and climatic conditions.
The sixth section describes the agronomic practices that should be
implemented in order to manage the energy crops plantation.
The seventh section analyses the economic aspects of the energy crops
establishment and biomass production.
At the eight section are presented the 4 selected energy crops that fulfill
the agronomic criteria of the region of Cambrils and meet the objectives
of this action.
Finally, at the last section are described the related impacts of the
expected results of this action in the energy sector of the Western
Macedonia Region and other European countries.
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1. Introduction
Carbon emission reductions, environmental protection and sustainable
energy supply are the major concerns of the world energy policy [1].
Biomass features strongly in virtually all the major global energy supply
scenarios, as biomass resources are potentially the world largest and most
sustainable energy source [2].
Biomass includes a wide range of products and by-products (Figure 1)
from agriculture and forestry as well as municipal and industrial waste
streams. It thus includes: arable crops, perennial crops and short rotation
forestry, trees, agricultural and forest residues, effluents, sewage sludge,
manure, industrial by-products and the organic fraction of municipal solid
waste [3].
Since the 1970’s, biomass crops have attracted increasing interest in
future European energy supplies because they may satisfy a relevant part
of the energy demand in the EU, and at the same time reduce carbon
dioxide emission (CO2) [4],[5].

Figure 1: Bioenergy feedstocks and fuel conversion processes (source: NSW
Bioenergy Handbook, [6])

Energy crops seem to match the objectives of the global energy policies.
In the Mediterranean environment, several perennial grasses are the
leading candidates to become energy crops because they produce
lignocellulosic biomass that is ideal for fuel and they also display a good
adaptability to such environments. Ideally, the energy crops are linked to
6
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high produced energy yields and low energy consumptions for their
production [7].
The main material properties of interest, during subsequent processing as
an energy source [8] are related to:
• moisture content (intrinsic and extrinsic)
• calorific value
•

proportions of fixed carbon and volatiles

•

ash/residue content

•

alkali metal content

•

cellulose/ lignin ratio.

Two forms of moisture content are of interest in biomass:
 intrinsic moisture: the moisture content of the material without the
influence of weather effects,
 extrinsic moisture: the influence of prevailing weather conditions
during harvesting on the overall biomass
In practical terms, it is the extrinsic moisture content that is of concern,
as the intrinsic moisture content is usually only achieved, or applicable,
under laboratory conditions.
The calorific value (CV) of a material is an expression of the energy
content, or heat value, released when burnt in air. The CV is usually
measured in terms of the energy content per unit mass, or volume; hence
MJ/kg for solids.
The ash content is the solid residue produced when a biomass fuel, is
combusted in air. It is determined by heating the biofuel sample at 5500C
for 2 hours.
The volatiles content, or volatile matter (VM) of a solid fuel, is that portion
driven-off as a gas (including moisture) by heating (to 950 0C for 7 min)
the fixed carbon content (FC), is the mass remaining after the releases of
volatiles, excluding the ash and moisture contents.
The alkali metal content of biomass i.e. Na, K, Mg, P and Ca, is especially
important

for

any

thermo-chemical

conversion

processes.

The

determination of alkali metals is carried out by using atomic absorption
spectrophotometer (AAS).
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The proportions of cellulose and lignin in biomass are important only in
biochemical conversion processes. The biodegradability of cellulose is
greater than that of lignine; hence the overall conversion of the carboncontaining plant material present as cellulose is greater than for plants
with a higher proportion of lignin, a determining factor when selecting
biomass plant species for biochemical processing.
In the present study, a list of crops that could be adapted in the region of
Cambrils in Spain is provided, in order to be used for energy production.
The final selected energy crops are to be planted in an abandoned area
provided by the Coop Cambrils, which is located near the Cooperative of
Cambrils facilities and covers an area of 7.5 ha.
The selection of energy crops was carried out in the following stages:


Data

collection

and

literature

review

about

the

climate

characteristics of the pilot area


Division of the pilot area in four (4) test plots, soil sampling
procedure and soil analysis



Literature review of energy crops. The pre-selection of the energy
crops is based on climate and soil conditions by taking into
consideration the special requirements for their end-use as solid
biofuels for the co-generator.



Final selection of the energy crops by taking into consideration
factors related to the equipment availability contacts with seed
suppliers, farmers’ opinion etc.)
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2. Soil testing
A soil analysis is required, in order to determine the soil properties related
to the productivity [9]. In specific the laboratory soil analyses (soil tests)
provide information on the soil’s available nutrient-supplying capacity. The
soil testing is comprised of the following steps:
1. Collection of representative soil samples
2. Laboratory analysis of the soil samples
3. Interpretation of analytical results
4. Management plan

2.1. Collection of representative soil sample
The collection of a soil sample is the most stage critical in soil testing,
since the results depend on the representativeness of the samples [9].
The composite sampling is the most common and economic method for an
area sampling. During this process, sub-samples are collected from
random selected locations in a field. The sub-samples are composited in a
final sample, in order to be analyzed. Ideally, samples should be collected
with a soil probe or auger or with a small shovel or trowel (figure 2), to
the depth of tillage (usually 15-30cm) or to the effective rooting depth of
plants. The 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 precision and experience demonstrated by sample team
member.
During the soil sampling procedure, a plastic bucket or other container is
used for gathering the selected sub-samples in order to mix and collect a
composite sample.
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Figure 2: Sampling tools

The criteria of the selection of the area are summarized to the soil type,
crops grown cultivation management. An example is presented in Figure
3. As it is shown in the figure, there are three (3) sampling areas: A
(orchard), B (pasture), and C (vegetable row crops). In what concerns
this case, a separate soil sample should be collected from each of the
three areas.

Figure 3: Separate collection of soil samples [9]

Based on the aforementioned information regarding the soil sample
collection, these procedures must be followed to collect soil samples with
a scoop or trowel:


Remove surface debris, such as plant residues, mulch or turf
thatch, from the soil before inserting the soil probe, spade, or
trowel.



Sample to a depth of 15-30.



Place the sample into a plastic bag
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Label and tag sample bag, and record appropriate data on soil
sample data sheets (location, slope, vegetation etc)



Dry samples at room temperature. (Do not use artificial heat.)



Break up any lumps and remove all stones, debris, etc.
•

When dry, mix well and crush so all the soil is the size of
wheat grains or smaller, but do not pulverize.

•

Bag the sample and send it to a laboratory for analysis

2.2. Soil analysis
After soil samples are received at a laboratory, a number of tests can be
performed. The methods for the soil analysis are presented in the table
below.
Table 1: Methods for the determination of soil’s characteristics

Soil characteristics

Method

Soil structure

Bouyoucos,

G.

1962.

Hydrometer

method improved for making particle
size analyses of soils. Agron. J. 54:464465 [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.

Gypsum.

In:

1996.

Carbonate

Sparks

D.L.

and
(ed.),

Methods of Soil Analysis Part 3, 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
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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. 559581.
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3. Description of the pilot test area
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 basic climate
and soil conditions are described in the paragraphs below.

3.1 Climate characteristics
Cambrils

has

a

Mediterranean

climate

strongly

influenced

by

the

Mediterranean Sea. Because of this influence extremes in weather are
uncommon in Cambrils. Summers are warm and dry. Winters are mild and
fairly dry. According to the National Spanish Weather Forecast the
average annual temperature and rainfall graphs for Cambrils are shown in
Figures 4 and 5. Additionally, the annual evapotranspiration is presented
in Figure 6.

Figure 4: Average annual temperature in Cambrils (0C)
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Figure 5: Average annual rainfall (mm)

Figure 6: Average annual rainfall and evapotranspiration in Cambrils

3.2. Soil sampling and soil analysis
For the process of soil sampling, the pilot area has been divided into 3
test plots. The division of the pilot area is presented in figures 8 and 9.
Then, soil sampling took place and 4 representative soil samples were
collected at depths of 0-30cm, based on soil sampling instructions
provided by Natural Resources Conservation Service (United States
Department of Agriculture) [16].
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Figure 7: Soil sampling, Cambrils

Figure 8: Pilot plot no3 area (Coop Cambrils facilities)
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Figure 9: Pilot plot nº 5 area (Coop Cambrils facilities)

Then, the soil samples were sent to a soil testing laboratory (Eurofins
Agroambiental

S.A.)

and

analyzed

for

the

determination

of

the

physicochemical properties. The results of soil analysis test are presented
in Tables 2-5.
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Table 2: Soil analysis of test plot -1

Analysis
humidity
pH
EC
organic matter
Calcium Carbonate equiv.

result
1.04
7.54
0.661
1.17
<3

Copper (Cu) DTPA extraction

12.89

Zinc (Zn) DTPA extraction

1.62

Iron (Fe) DTPA extraction

5.73

Lead (Pb) DTPA extraction

1.35

Cadmium (Cd) DTPA extraction

0.02

Nickel (Ni) DTPA extraction

0.06

Manganese (Mn) DTPA extraction

11.40

Sodium (Na) (ammonium acetate extraction)

16

Calsium (Ca) (ammonium acetate extraction)

2650

Magnesium (Mg) (ammonium acetate
extraction)
Sand
thick silt
fine silt
clay

68
7.8
11.7
12.5

Nitrogen (N) (Kjeldahl)

0.076

Phosphorous (P) (Olsen)

13.5

Potassium (K) (ammonium acetate extraction)

214

156

units
%
dS/m
% (dm)
% (dm)
mg/kg
(dm)
mg/kg
(dm)
mg/kg
(dm)
mg/kg
(dm)
mg/kg
(dm)
mg/kg
(dm)
mg/kg
(dm)
mg/kg
(dm)
mg/kg
(dm)
mg/kg
(dm)
%
%
%
%
mg/kg
(dm)
mg/kg
(dm)
mg/kg
(dm)

method
gravimetric
potentiometer
conductometry
calculation
potentiometer
Spectrometry ICP OES
Spectrometry ICP OES
Spectrometry ICP OES
Spectrometry ICP OES
Spectrometry ICP OES
Spectrometry ICP OES
Spectrometry ICP OES
Spectrometry ICP OES
Spectrometry ICP OES
Spectrometry ICP OES
gravimetric
gravimetric
gravimetric
gravimetric
Kjeldahl
(volumetric
method)
Spectrometry ICP OES
Spectrometry ICP OES

Table 3: Soil analysis of test plot -2

Analysis
humidity
pH
EC
organic matter

result
2.08
8.31
0.165
1.53

units
%
dS/m
% (dm)

method
gravimetric
potentiometer
conductometry
calculation
17
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Calcium Carbonate equiv.

6

Copper (Cu) DTPA extraction

15.69

Zinc (Zn) DTPA extraction

2.25

Iron (Fe) DTPA extraction

3.78

Lead (Pb) DTPA extraction

2.23

Cadmium (Cd) DTPA extraction

0.02

Nickel (Ni) DTPA extraction

0.04

Manganese (Mn) DTPA extraction

9.12

Sodium (Na) (ammonium acetate extraction)

21

Calsium (Ca) (ammonium acetate extraction)

6380

Magnesium (Mg) (ammonium acetate extraction)

228

Sand
thick silt
fine silt
clay

52
9.8
15.8
22.4

Nitrogen (N) (Kjeldahl)

0.088

Phosphorous (P) (Olsen)

9

Potassium (K) (ammonium acetate extraction)

181

% (dm)
mg/kg
(dm)
mg/kg
(dm)
mg/kg
(dm)
mg/kg
(dm)
mg/kg
(dm)
mg/kg
(dm)
mg/kg
(dm)
mg/kg
(dm)
mg/kg
(dm)
mg/kg
(dm)
%
%
%
%
mg/kg
(dm)
mg/kg
(dm)
mg/kg
(dm)

potentiometer
Spectrometry ICP OES
Spectrometry ICP OES
Spectrometry ICP OES
Spectrometry ICP OES
Spectrometry ICP OES
Spectrometry ICP OES
Spectrometry ICP OES
Spectrometry ICP OES
Spectrometry ICP OES
Spectrometry ICP OES
gravimetric
gravimetric
gravimetric
gravimetric
(volumetric method)
Spectrometry ICP OES
Spectrometry ICP OES

Table 4: Soil analysis of test plot -3

Analysis
humidity
pH
EC
organic matter
Calcium Carbonate equiv.

result
1.23
8.35
0.135
1.03
4

Copper (Cu) DTPA extraction

14.24

Zinc (Zn) DTPA extraction

1.27

Iron (Fe) DTPA extraction

3.77

Lead (Pb) DTPA extraction

1.97

Cadmium (Cd) DTPA extraction

0.02

units
%
dS/m
% (dm)
% (dm)
mg/kg
(dm)
mg/kg
(dm)
mg/kg
(dm)
mg/kg
(dm)
mg/kg

method
gravimetric
potentiometer
conductometry
calculation
potentiometer
Spectrometry ICP OES
Spectrometry ICP OES
Spectrometry ICP OES
Spectrometry ICP OES
Spectrometry ICP 18
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Nickel (Ni) DTPA extraction

0.03

Manganese (Mn) DTPA extraction

7.85

Sodium (Na) (ammonium acetate extraction)

25

Calsium (Ca) (ammonium acetate extraction)

5275

Magnesium (Mg) (ammonium acetate extraction)

152

Sand
thick silt
fine silt
clay

62.1
8.8
13.7
15.4

Nitrogen (N) (Kjeldahl)

0.054

Phosphorous (P) (Olsen)

10.1

Potassium (K) (ammonium acetate extraction)

139

(dm)
mg/kg
(dm)
mg/kg
(dm)
mg/kg
(dm)
mg/kg
(dm)
mg/kg
(dm)
%
%
%
%
mg/kg
(dm)
mg/kg
(dm)
mg/kg
(dm)

OES
Spectrometry ICP OES
Spectrometry ICP OES
Spectrometry ICP OES
Spectrometry ICP OES
Spectrometry ICP OES
gravimetric
gravimetric
gravimetric
gravimetric
(volumetric method)
Spectrometry ICP
Spectrometry ICP

Table 5: Soil analysis of test plot -4

Analysis
humidity
pH
EC
organic matter
Calcium Carbonate equiv.

result
1.07
8.25
0.17
2.73
10

Copper (Cu) DTPA extraction

19.83

Zinc (Zn) DTPA extraction

3.80

Iron (Fe) DTPA extraction

6.31

Lead (Pb) DTPA extraction

1.54

Cadmium (Cd) DTPA extraction

0.01

Nickel (Ni) DTPA extraction

0.06

Manganese (Mn) DTPA extraction

10.92

Sodium (Na) (ammonium acetate extraction)

22

Calsium (Ca) (ammonium acetate extraction)

6320

Magnesium (Mg) (ammonium acetate extraction)

178

units
%
dS/m
% (dm)
% (dm)
mg/kg
(dm)
mg/kg
(dm)
mg/kg
(dm)
mg/kg
(dm)
mg/kg
(dm)
mg/kg
(dm)
mg/kg
(dm)
mg/kg
(dm)
mg/kg
(dm)
mg/kg

method
gravimetric
potentiometer
conductometry
calculation
potentiometer
Spectrometry ICP OES
Spectrometry ICP OES
Spectrometry ICP OES
Spectrometry ICP OES
Spectrometry ICP OES
Spectrometry ICP OES
Spectrometry ICP OES
Spectrometry ICP OES
Spectrometry ICP OES
Spectrometry ICP 19
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Sand
thick silt
fine silt
clay

60.1
6.7
15.4
17.8

Nitrogen (N) (Kjeldahl)

0.139

Phosphorous (P) (Olsen)

24

Potassium (K) (ammonium acetate extraction)

375

(dm)
%
%
%
%
mg/kg
(dm)
mg/kg
(dm)
mg/kg
(dm)

OES
gravimetric
gravimetric
gravimetric
gravimetric
(volumetric method)
Spectrometry ICP
Spectrometry ICP

The soil analysis proved that the soils belong to sandy loam soil class. The
pH values range from 7.54 to 8.35 and the amount of organic matter
ranges from 1.03% to 2.79%.The pH values of most soils range from 4.0
to 8.5; however, slightly acid conditions are usually the most productive
(6.0 to 6.9). The EC values range from 0.661 dS/m to 0.170 dS/m which
are lower that the critical levels of 0.2dS/m. Values which are greater
than 0.2dS/cm can cause damage on salt sensitive crops.
The concentrations of trace elements are very low are in line with
preferred level in the soil.
As far as, the N-P-K analysis, the soil seems to have very low nitrogen
and low-medium phosphorus content. These chemical characteristics in
combination with the soil mechanical composition prove that quantities
fertilizer application in order to achieve a high biomass production rate.
According to the soil conditions of the test area, the energy crops that
would be selected should have low fertilizer requirements and adaptability
to a wide range of soil types.
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4. Review of suitable energy crops
During the last two decades, a wide range of crops has been tested as
energy crops in Europe in small or larger-scale field trials, aiming to test
adaptability, yield potentials and quality characteristics under different
soil-climatic conditions (Table 6).The European climatic zones and the
recommended energy crops for each one as identified by the 4F CROPS
EU project are shown in Figure 10. [17].
Although the area of Cambrils belongs to the Mediterranean North climate
zone, the crops suitable for the Mediterranean South could also be
considered.
Based on the energy crop selection as presented in Figure 9, the
information presented in Annex A2 of the Coop 2020 Technical Annex,
CERTH’s experience and the outputs of the project kick-off meeting, the
following ten crops energy crops were chosen for a more detailed
literature study:


Arundo donax (giant reed)



Cynara cardunculus (cardoon)



Miscanthus spp. (miscanthus)



Helianthus tuberosus (Jerusalem artichoke)



Panicum species: switchgrass (panicum virgatum) and guineagrass
(panicum maximum)



Robinia pseudoacacia (black locust)



Ulmus pumila (siberian elm)



Populus spp (poplar)



Willow spp (salix spp.)



Eucalyptus.



sorghum bicolor



Triticosecale (triticale)

Some key characteristics (sowing / harvesting time, main fuel properties)
of the investigated herbaceous energy crops and short rotation coppice
(SRC) are summarized in Tables 7 and 8 respectively.
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Figure 10: Climatic zones and recommended energy crops for each one
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Table 6: Species that have been studied as energy crops, [2]

oil crops
Brassica spp. (oilseed rape
seed)
Helianthus annuus
(sunflower)

sugar crops
Beta vulgaris (sugar beets)

lignocellulosic crops
Phalaris arundinacea (reed canary
grass)

woody crops
Salix spp.(willow)

Triticum aestivum (winter wheat)

Miscanthus spp. (miscanthus)

Populus spp.
(poplar)

Cannabis sativa (hemp)

Secalecereale (winter rye)

Hibiscus cannabinus (kenaf)

Eucalyptus spp.
(eucalyptus)

Linumusitatissimum (flax)

Triticosecale (triticale)

Arundo donax (giant reed)

Camelina sativa (false flax)

Hordeumvulgare (spring barley)

Cynara cardunculus (cardoon)

Cynaracardunculus (cardoon)

Sorghum bicolour (sweet sorghum)

Cannabis sativa (hemp)

Alnus spp. (alder)
Robinia
pseudoacacia
(black locust)
Acacia spp.

Sinapis alba (white mustard)

Zea mays (maize)

Linumusitatissimum (flax)

Betula spp.

Solanumtuberosum (potato)

Panicum virgatum (switchgrass)

Spartium junceum
(broom)

Helianthus tuberosus (Jerusalem
artichoke)

Phragmit esaustralis (reed)

Opuntiaficus-indica (Prickly pear)

Reynoutria japonica sachalimensis
(knotweed)
Spartina spp. (spartina or
cordgrass)
Onopordumnervosum (birch)
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Table 7: Characteristics of herbaceous energy crops described in this study

Giant
reed
Sowing/ plant
Period of
harvesting
Yield (dry t/
ha/yr)
LCV (MJ/ kg) *dry
Harvest moisture
content* (%wtar)
Ash content **
(%wtdb)

Nov-Feb

Jerusalem
Cardoon

artichoke

Switchgrass

Miscanthus

guineagrass

Sorghum

Triticale

April

May

Apr- May

Apr- May

March

March

November

Oct-Dec

Nov- Apr

Non- Apr

Jun-Aug

Jun-Aug

5-21

11-34

7-42

13-25

2-7

(topinambur)
Autumn or
spring

Jan-Feb

Jul-Sep

29.6-63.1

20-30

16-17.5

19-20

13.5

16-18

17-18

18

16-17

17

36-42

15-30

47-68

10-25

15-30

>20

30

30-35

3.43

5-8

4-5

3-4

40

10

4-6

4-6

16-20 (stems,
leaves)

sources:
*Handbook on Renewable Energy Sources
**https://www.ecn.nl/phyllis2/
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Table 8: Characteristics of SRC described in this study

Black
locust
Sowing/ plant
Period of harvesting*

March-April
OctoberMarch

Siberian elm

Poplar

Willow

Eucalyptus

March-April

March-April

March-April

March-April

October-March

October-March

October-March

October-March

Yield (dry t/ ha/yr)

6-17

8.0

9-17

10-15

8-12

LCV (MJ/ kg) dry**

17-20

17-20

17-18.5

17-18.5

17-18.5

45-60

45-60

45-60

45-60

45-60

3-4.5

3-4.5

0.5-2

1.2

0.5

Harvest moisture content
(%wtar)*
Ash content (%wtdb)**

*Handbook on Renewable Energy Sources, Forest Services of Western Macedonia (personal contact)
** https://www.ecn.nl/phyllis2/
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5. Description of energy crops
5.1. Giant reed (Arundodonax L.)
Giant reed is a grass that belongs to Arundo genus of the Gramineae
Family. A. donax is a perennial grass that grows to 3–6 m in height, but
up to 10 m high under ideal conditions. The leaves are 30–100 cm long,
2–7 cm wide and clasp the stem (figure 11).
Giant reed is a native of the Mediterranean countries and, therefore,
naturally adapted to south EU climatic conditions [18].
Giant reed is considered to be one of the most cost – effective energy
crops, because it is perennial and its annual inputs after establishment are
very low. Only harvesting costs will occur, and depending on site and
climate, irrigation and/ or fertilization costs. Giant is also a lodgingresistant plant. All these attributes make Arundo donax a very attractive
and promising candidate species for biomass production in European
agriculture [19].

Figure 11: Giant reed plantation

Ecological requirements
Giant reed can be grown on almost any soil type from very light soils to
very moist and compact soils. When there is an underground water table
it has the ability to absorb water from the table.
Crop establishment
Plantation establishment is the most critical part of giant reed cultivation
as it has major effects on biomass yields and economy viability [20].
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Giant reed is not viable as a seed and thus it is necessary to establish
plantings with rhizomes or stem cuttings.
The plantation does not have soil preparation requirements. A simple
ploughing and/ or disc harrowing are considered sufficient.
When establishing giant reed plantations with rhizomes, care should be
taken that each piece has at least one bud in order to avoid gaps in the
field. Distances of 70cm between rows and 50cm within rows result in a
relatively thick plantation with an average stem number of up to 10 per
m2 at the end of transplanting growing period. In the subsequent two
years stem density increases and results in a thick stand.
Giant reed plantations established with stem cuttings are much thinner at
the end of the growing period. Emerging plants have to develop rhizomes
in order to overwinter in case the above ground part is destroyed by low
winter temperatures.
Although giant reed can be grown without irrigation under semi-arid
Southern- Europe conditions [21], its response to irrigation is significant.
Pests and diseases
Due to its large leaf mass and high growth rates giant reed does not face
significant

weed

competition

from

the

second

year

on.

For

safe

establishment, however, herbicide application is recommended for the
first year.
Giant reed is a highly pest resistant crop.
Harvest and biomass yields
Giant reed can be harvested each year or every second year, depending
on its use. In southern EU regions late winter harvest is recommended to
attain a reduction in the moisture content of the stems [20].
Biomass yields reported in Spain showed 45.9 dry tones per year on
average ranging from 29.6 to 63.1 dry tones [22].
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5.2. Cardoon (Cynara Cardunculus)
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[23].The wild
cardoon is a robust thistle with a characteristic rosette of large spiny
leaves and branched flowering stems (figure 12).Compared to the giant
reed, cardoon has the advantage that it is propagated with seed and thus
its establishment is quite cheap and easy.

Figure 12: Cardoon

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 and spring, the total biomass
production can rise to 20-30 dry tn/ ha/ year [19].
Crop establishment
The soil preparation is analogous to the land preparation for vineyards in
Central Spain. After basal dressing, sub soiling(90 cm deep, in the
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presence of limestone) and ploughing are recommended and a thorough
harrowing should be followed.
The establishment of a plantation is carried out from seed in the first year
[24]. 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.
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 plant density of about 10,000 plants per ha is
recommended for most cases.
Pests and diseases
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.
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.
Harvest and biomass yields
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
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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 to 20 dry
tons per ha per year if the crop is well established and rainfall is about
500mm per year [25,26].

5.3. Jerusalem artichoke (Helianthus toberosus L.)
Jerusalem artichoke or topinambur is a short day perennial C3 plant that
originated in North America. A relative of sunflower, topinambur grows to
a height varying from 1 to 4m [19].

Figure 13: Topinambur plantation (source: Fernadez, 2006)

Ecological requirements
Topinambur does not have any special demands on the environment. Most
soils have been shown to be suitable for topinambur cultivation, though
the soil should be sift able so excessively clayey soils should be avoided.
In addition the soil should have a low number of stones to facilitate tuber
harvesting. The pH of soil should be 5.5 -7 [27]. The plant is very
sensitive to frost, but the tubers can tolerate a ground temperature as low
as -300C.
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Crop establishment
Topinambur can be cultivated by using seeds, tuber sprouts or rhizome
species [28].
The planting begins in the middle of April using a potato planter to
minimize field preparation. The rows should be 75cm apart and the plants
should be 33cm apart in their row. The desire crop density is 38,000 to
40,000 plants per ha [27].
The appropriate fertilizer amounts are important for the success of the
crop, but the organic fertilizers should not be used during their formation.
Pests and diseases
Diseases that are most likely to attack topinambur crops include:


the stem rot “sclerotinia sclerotarium”



the sunflower rust “puccinia helianthi”



the mildew “erysiphe cichoracearum”

The crop is also susceptible to damage by rabbits, deer, wild boar and
mice.
Harvest and biomass yields
The tuber harvesting can begin in November. Topinambur harvesting
techniques are more similar to those of potato harvesting. The topinambur
clone “Violet de Rennes” has be shown to be very productive in Spain. Dry
matter yields for tuber have been approximately 16t/ ha/ year. Yields of
tops for forage average 18-28 wet tones/ha weight.

5.4. Panicum Species
5.4.1 Switchgrass (Panicum virgatum L.)
Switchgrass is a tall perennial C4 grass (figure 14) 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 [19]. 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
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Department of Energy and by Europe countries as a model herbaceous
energy crop for ethanol and electricity production [29].

Figure 14: plantation of switchgrass (source: http://www.switchgrass.nl/)

Ecological requirements
Switchgrass does well on a wide variety of soil types. It is drought tolerant
and grows well on shallow rocky soils. At the same time, it is also tolerant
to wet areas. It can grow on sand to clay loam soil sand tolerates soils
with pH values ranging from 4.9 to7.6 [30].
Crop establishment
The switchgrass is established by seed. This makes the establishment
relatively cheap but it is also difficultand is planted at same time as maize
[31]. Approximately 100 to 200 seedlings emerging per m2should 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 [32].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
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sufficient (for N, P. and K), the general recommendation is to not fertilize
in the establishment year as this will only benefit the weeds.
Harvesting and biomass yields
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 [34].

5.4.2. Guineagrass (Panicum Maximum)
Panicum maximum is the most productive forage grass in tropical
America, valuable for pasture, green-soilage, hay, and silage [28].
Guineagrass (figure 15) is a tufted perennial vigorous crop, often with a
short creeping rhizome which grows best in warm areas and on a wide
variety of well drained soils of good fertility and it is suitable to stop soil
erosion [35]. In 2003 Guineagrasswas recorded for the first time in Spain
from a ruderal area in Cambrils and then it was appeared on the road
bank of the A7-E15 motorway [36].

Figure 15: Panicum maximum, source: www.tropicalforages.info
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Ecological requirements
Guinea grasses are adapted to a wide range of soils [37]. However, the
production of guinea grasses is poor in infertile soils. Hence, fertilization
requirements are met in this case. Specifically, according to Motta [37]
and other researchers [38] the production of guineagrass requires
phosphorus and nitrogen fertilization. The growth period is the summer
and the optimum temperature for growth ranges from 19.1-22-9 oC [39].
In what concernsthe water requirements, the deep, dense and fibrous root
system allow guineagrassto survive quite long drought periods, but it
performs best on well-drained soils in high rainfall regions [40].
Crop establishment
Guineagrass is established by seeds and full seed-bed preparation is
generally required for guineagrass establishment. Sow seeding on the
contour in small drill rows gives an excellent stand [39]. The sowing depth
should be more than 1.5cm. The rolling takes place after the sowing will
improve thegermination and the establishment [41]. The recommended
seeding rate for marginal lands is 3-6kg/ ha. The establishment of
fertilizer on infertile solis is necessary, considering about 20-40 kg/ha P,
and about 50 kg/ha N [42].
Weed control
Weeds can compete seriously with young pasture seedlings. Good cultural
practices in the season before sowing (pre-cropping or fallow) will
contribute to reduce the weed seed population in the prepared pasture
seedbed.
After the establishment, most of the broadleaved weeds should be
suppressed by a dense vigorous growth of pasture. Although it is nonfeasibleimpractical to use herbicides for broadleaved weed control, a
number has been registered for that purpose. Atrazine can be used to
control the weeds.
Pests and diseases
Ergot (Claviceps spp.), and other fungal diseases, Conidiospormyces
ayresii, Fusarium roseum, and Tilletia sp., can reduce seed yields when
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conditions are favourable to the pathogen. The seed production has also
been adversely affected by a smut (Ustilago sp.) in Colombia and bunt in
the Rift Valley of Kenya. A leaf spot caused by Cercospora fusimaculosus
has been recorded in Puerto Rico. Spittlebug (English), cigarrinha (Brazil),
chicharrita (Argentina), salivazo (Colombia) (Notozulia entreriana, Deois
flavopicta, D. incompleta, Mahanarva spp., Aeneolamia reducta, A. selecta
(Homoptera, Cercopidae) affects some cultivars in tropical America.
'Colonião', 'Tobiatã', 'Vencedor' and 'Gatton' are very susceptible to
spittlebug attack [41].
Harvesting and biomass production
Guineagrassyields an average of 30 t DM/ha/year [41], [43]. The yields
depend on the cultivar and fertilizer application. For instance, unfertilized
Guineagrassyields around 7t DM/ha while N-fertilized pastures can yield
up to 42t/ha [41], [44]

5.5 Black locust (RobiniaPseudoacacia)
Black locust (Robinia pseudoacaciaL.) (Figure16) is a species belonging to
the Leguminosae family. Black locust has often been successfully seeded
and planted on reclaimed mine sites. It is easy to establish, grows quickly,
and is a prolific sprouter [45].
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Figure 16: black locust plantation in Region of WM

Ecological requirements
Black locust is adapted to a wide variety of soil types, but grows best on
sites that are deep, well drained, and derived from limestone. This tree
tolerates a pH range of 4.6 to 8.2. Due to its nitrogen fixing ability, Black
locust is capable of colonizing very low nutrient substrates where few
other tree species could thrive. Duke [28] reports that it can tolerate
mean annual precipitation of 61-191 cm and mean annual temperature of
7.6-20.30C.

Optimum

conditions

include

sandy/loamy,

well-drained,

aerated soils in humid climates and open, sunny locations [46].
Crop establishment
It is established by seedlings and stem cuttings with 10,000-20,000
plants/ha trialled in Greece [47] but the most popular spacing in Hungary
is 2.4 m by 0.7 to 1.0 m (4000 seedlings/ha) [48].
With regards to fertilization, in most cases, nitrogen fertilization is not
recommended.
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Pests and diseases
There are two primary insects inflicting damage on black locust: locust
leaf miner and black locust borer. The leaf miner attacks the tree in
spring, turning the leaves brown by mid-summer or early fall. Overall tree
growth is impacted, but not seriously. The larvae of the locust borer carve
tunnels through the trunk of the tree, weakening it enough for wind
breakage. Planting on good quality sites or in conjunction with other
hardwood species and shading trunks will discourage infestation by locust
borers. Heart rot is the only noteworthy disease effecting black locust.
Locust Borer is a serious pest although borer- resistant clones are now
being developed. It is also bothered by carpenter worm, locust leaf miner,
and scales [49].
Harvest and biomass yields
Black locust has thorns which make it difficult to handle manually, and it
is thus preferable to chip it on the field.Its potential yield in coppice
systems has been assessed as 4-20 t dm/ha [50], with 11.6tn/ha
achieved in Greece [47] and 10-15 t dm/ha achieved in Italy [51]. The
wood provides 19.7 MJ/kg dry weight of energy output [34].

5.6 SiberianElm (Ulmus pumila L.)
In moist environments Siberian Elm is a hardy, fast growing, mid-sized,
deciduous tree (Figure 17). In drier locations, it is smaller and takes on a
shrubby appearance [52]. It can reach a height of 5-10m and tolerates
dry soils particularly areas with summer droughts. It is the hardiest of all
elms.
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Figure 17: Siberian elm plantation (source: http://bioenergycrops.com)

Ecological requirements
It prefers open areas but tolerates a wide range of conditions including
long periods of drought, cold winters, poor soil conditions, high winds and
low moisture.
Crop establishment
Before the planting, it is necessary to make a superficial ploughing or
even a sub soiling of 40 cm, depending on soil. Hereby is obtained an
appropriate texture to root settlement and also weeds are removed.The
first priority in Siberian Elm management is early detection and control to
prevent widespread establishment. It is established by stem cuttings and
therefore there is a high cost associated with dense planting needed for
coppice regimes. It is ideally suited to coppicing as shown trials in USA
where 75% survival rates were seen after 6 cuts annual cuts over six
years on a 0.3 m between plants x 0.3 m between rows planting pattern
[53]. This high density planting gave a higher yield than 0.6x0.6 m during
first few years but eventually produced the same biomass yields in later
years.
Pests and diseases
Mites and elm leaf beetles infest this Elm. The tree is considered weak
wooded. Wet wood disease can infect the trunk.
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Biomass yields
Some studies [53] showed that the biomass yields have an average yield
of 8.0 t dm/ha for six years with an annual cut every year and an annual
gross energy yield of 19.7 MJ/kg of dry matter.

5.7. Miscanthus
Miscanthus is a C4, triploid hybrid of uncertain origin, which was probably
the result of a cross between Miscanthus sinensis and M. sacchariflorus.
It has a vigorous rhizomatous system from which a dense root mat
develops to a depth of 0.4 m with some to 2.5 m.

Figure 18: Miscanthus plantation and harvesting, source: bioenergy crops

Ecological requirements
Miscanthus can be grown on a wide range of soils, a fact demonstrated by
its ability to grow on many types of arable land [19]. In order for crop to
be established (April, May), it is necessary that the soil be sufficiently
aerated and have a fine tilth, thus making soils of greater 25% clay
probably unsuitable. Miscanthus is considered a deep rooting crop with
roots going down more than one meter. Irrigation during the first growing
season improves establishment rates. Since miscanthus did not respond
to N fertilization on several sites in Europe it was concluded that N
fertilization is necessary mainly on soils with low N contents. At locations
with sufficient N mineralization from soil organic matter N fertilization can
be avoided or limited to50–70 kg/ha/yr.
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Crop establishment
Ploughing is recommended before planting miscanthus. Although seed
may prove to be the cheapest method form of plant propagation, it has
the limitation of seed heterozygosity and availability. For that reason,
miscanthus is usually propagated via rhizomes. It is recommended that
young plants be planted when the planting depth temperature of the soil
is 100C or higher (April to June).
The optimal planting density is 10,000 to 20,000 plants per ha [20,53].
Weed control, pests and diseases
Weed control is an important factor, especially in the first two years of the
crop cultivation. Various herbicides suitable for use in maize or other
cereals can be used. Up to now, there are no reports of plant diseases
significantly limiting the productivity of miscanthus [20].
Harvesting and biomass yields
Miscanthus can be harvested only once a year, since multiple cutting
would over-exploit the rhizomes and kill the stands. The harvest window
depends

on

the

local

conditions

and

is

between

November

and

March/April. The later the harvest can be performed, the more the
combustion quality improves since the moisture content and the mineral
contents decrease. The biomass production ranges from 11 to34 dry
tons/ha/yr [53].

5.8 Poplar (Populus spp.)
Poplar is a fast growing tree that could be established in short rotation
coppice systems for the supply of lignocellulosic feedstock to the
pulpwood and board industries and as solid biomass for heat and power
generation.
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Figure 19: Poplar SRC, source: FAO

Ecological requirements
Poplar grows best in deep fertile soils, although it will grow in most
conditions. The main exceptions are shallow soil sand sites that remain
waterlogged. Soil pH should ideally fall in the range 5.5 -7.5, although
research suggests that there are varieties tolerant to soil pH outside this
range. The soil should be well cultivated to a depth of at least 25cm.
Where compaction is present, sub-soiling should be carried out to a depth
of 40cm.
Crop establishment
Planting should take place as early as possible in the spring but avoiding
frost. The preferred density of planting is 10-12,000 cuttings/ha. The
cuttings are 20-25cm long and must have an apical bud within 1cm of the
top of the cutting. Poplars have a high nutrient requirement to maintain
maximum productivity. If nutrients or water are limiting, poplar growth is
significantly decreased.
Poplars will respond to irrigation on drier sites with fertile soils, or where
fertilizer is applied with irrigation water. Where practical, irrigation can
increase poplar biomass production by up to 50%. The quantity of water
applied through irrigation depends upon soil texture, soil drainage, poplar
clone, tree age and planting spacing. Weed control in an irrigated system
is very important in order for irrigation to be effective.
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Weed control, pests and diseases
Weed control is very important in the establishment year, so after planting
and rolling a residual herbicide should be applied within 3-5 days. Cutback
takes place late in the winter following planting. Due to its apical
dominance, poplar will generally produce only 1-3 shoots after cutback.
Melampsora rust is also the most common disease of poplar, although
different species of rust affect poplar and willow. Willow beetles are also
an important pest of poplars and should be treated either by spraying
localized colonies or, if the population reaches 100 or more adult beetles
per square meter of canopy, edge spraying the coppice in early spring.
Over spraying the entire plantation would be ecologically and financially
inadvisable.
Harvesting and biomass yields
As poplar produces fewer, heavier stems, careful consideration must be
given to the harvesting machinery used; it must be capable of dealing
efficiently with large diameter, rigid stems.
SRC harvesting consists of four main operations: cutting, collection,
extraction and comminution [55]. The main operations used for poplar
harvesting are the following:
1) Cut-only harvester. The harvester cuts the stems, laying them in
windrows or heaps. Cut stems are then collected by a separate unit, which
delivers them to a chipper. As an alternative, one can use a chip
forwarder to collect, chip and extract in one pass.
2) Cut-and-bundle harvester. The harvester cuts the stems and collects
them in bundles, which are dropped on the field, like hay bales. They are
later collected by a separate unit, most often a conventional forwarder or
a farm tractor with forestry trailer.
3) Cut-and-extract harvester. The harvester cuts the stems, collecting and
loading them over a deck of some sort. It then takes its load to the field
edge or to any suitable landing. Chipping is the only operation delegated
to a separate unit.
4) Cut-and-chip harvester. The harvester cuts, collects and comminutes
the crop, delivering the chip at the field edge. In alternative, the
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extraction can be delegated to chip shuttles, to keep the harvester going.
Chip shuttling is used preferably when the extraction distance is large.
The removal of poplar SRC at the end of its life is more problematic than
willow. The rooting system of poplar includes a large taproot that grows
down into the soil. Removal of the stools (following final harvest and
spraying off of the shoots) will generally require a large excavator.
The dry matter yields range from 7-28t/ha/year [56].

5.9 Willow (Salix spp.)
Willow is a fast growing tree that can be established in short rotation
coppice systems and like poplar can be cultivated successfully in northern
European countries. Compared to poplar, willow can be grown in colder
climates and seems to have a higher nitrogen demand and accumulates
biomass more rapidly.
Ecological requirements
Annual rainfall of 600-1000mm is ideal. Willows can be established on a
wide range of soil types from heavy clay to sand including land reclaimed
from gravel extraction and colliery spoil. Soil pH should be in the range
5.5 – 7. Regarding the fertilization and irrigation requirements, these
applications are needed if a maximum yield is required [56].
Crop establishment
To ensure economies of scale for all field operations larger plantations are
better. The most appropriate field shapes are those that minimize the
need for short row lengths or require no changes in direction during field
operations. Choosing fields that can be harvested economically is of
critical importance. For ease of operations the ideal site would be flat or
with a slope of no more than 7%.Willows are planted either as cuttings or
rods, depending on the type of planting machinery used. A planting
density of 15,000 to 20,000 plants per ha, is the most common in Europe.

43

LIFE 13 ENV/ES/1513Coop 2020: Energy Crops selection

Pests and diseases
Rust is the most important disease of SRC, caused by a number of fungi
called Melampsora. Rusts can infect both the leaves and stems of willow
and,

as

they

can

adapt

rapidly

to

changing

circumstances,

can

successfully infect a whole crop if appropriate measures are not taken.
Chrysomelids (willow beetles) are the most important insect pest of
willow. Their numbers can build up rapidly in spring and, as both adults
and larvae feed on the leaves, they can cause considerable damage to the
crop. For example, removal of 90% of the leaves in summer can reduce
the yield by as much as 40%. Adult willow beetles overwinter in rotting
wood, under the bark of trees and in similar habitats short distances from
the coppice. As temperatures start to rise in the spring, the adults move
into the edge of the coppice, start feeding, mate and then gradually move
further into the crop [56].
Harvesting and biomass yields
Harvesting generally takes place on a3-year cycle, the first harvest being
3 years after cutback. The work is carried out during the winter, after leaf
fall and before bud-break, usually mid-October to early March.
The type of harvesting machinery used will depend on the end-user’s
requirements.
Willow produces dry matter yields from 10 to 30 t/ha [57].

5.10 Eucalyptus (Eucalyptus spp.)
Eucalyptus genus belongs to Myrtaceae family and has more than
550species. It is also a fast growing tree like the previous two crops
(poplar and willow) that grows in warmer climates. Although several
Eucalyptus species adapted in the Mediterranean countries two are the
most important: E. camaldulensis and E. globulus.
Ecological requirements
It is well adapted in mild, temperate climates and at high elevation in cool
tropical regions. Ideal conditions in EU are along the north western coasts
of Spain and Portugal, where the annual precipitation is above 900 mm,
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the dry season is not severe and minimum temperature above -70C. It is
considered very sensitive to moisture stress. In south western Spain with
465 mm annual precipitation and about four months dry season grows on
deep soils with available soil moisture. On drier and shallower soils E.
camaldulensis is superior [57].
Crop establishment
Eucalyptus is planted by cuttings as poplar and willow, in a plant density
of 15,000 to 20,000 plants per ha.
Harvesting and biomass yields
The estimated yield was 10-15tn/ha/yr according to a number of studies
[57]. Harvesting generally takes place on a 3-year cycle, usually midOctober to early March. The type of harvesting machinery used depends
on the end-user’s requirements (e.g wood chips, wood plank etc)

5.11. Sweet Sorghum (Sorghum bicolor (L) Moench.
Sweet sorghum is a drought tolerant crop with high resistance to salinealkaline soils, and sweet sorghum may serve as alternative as an
alternative summer crop for biofuel production in areas where irrigation
water is limited. [58].
Sorghum is a C4 annual plant and belongs to the family of Poaceae. It is
considered as an excellent crop for fodder and biofuels production. It is
well adapted to sub-tropical and temperate regions, being highly biomassproductive and water efficient [58]. 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.
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Figure 20: Grain crop [59]

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 to 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 about 45 to 65
cm.
Crop establishment
Sorghum is established by seeds. The agronomic practices for the land
preparation are similar to practices that are employed for maize planting.
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 [60].
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Weed control
Weed control in sweet 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 [60].
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 [60].
The most common pests that affect grain 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.
Harvesting and biomass production
The harvesting takes place 3-4 months after establishment and is carried
out by the using of combine harvesters (figure 21).The biomass
production ranges from 13-25 dry tons per hectare [54], [61].

Figure 21: Sorghum harvesting
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5.12. Triticale
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.

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 [63].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 [64].
Crop establishment
Seedbed preparation for triticale is very similar to wheat. According to
Anderson [65], the optimum population (the population resulting in
maximum grain yield) was 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.
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.
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
48

LIFE 13 ENV/ES/1513Coop 2020: Energy Crops selection

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 [66].
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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5.14. Suggestions for energy crops in Cambrils
The properties of the energy crops and the short rotation coppice, which
are investigated within this report, are summarized in the Table
9.According to the soil conditions of the test area, the energy crops that
would be selected should have low irrigation and fertilizer requirements
and adaptability to a wide range of soil types.
The crops under green high light refer to crops which are suitable to be
cultivated in the test area according to the soil and climate characteristics.
The crops under orange high light refer to crops that could be cultivated in
the test area but they also have additional input requirements (irrigation
or fertilization)
The crops under red high light refer to crops that are not suggested for
the test area. Nicotiana glauca was rejected because it has not been
studied widely for energy purposes. In addition, it is considered that other
SRC are more promising for biomass production. Topinambur was rejected
because it is usually used in biodiesel production applications.
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Table 9: Properties of energy crops tested for the pilot area

Type (annual/

Soil

Climate

perennial/ SRC)

Fertilization

Irrigation

requirements

requirements

Use as solid fuel

Sorghum

Annual





Medium

medium

Yes

triticale

Annual





Medium

medium

yes

Giant reed

Perennial





low

medium

yes

Cardoon

Perennial





low

low

yes

Panicum
Switchgrass

yes
or

Perennial





low

low-medium

Black locust

SRC





low

low

yes

Siberian elm

SRC





low

low

yes

Eucalyptus

SRC





medium

low

Yes

Miscanthus

Perennial





yes

high

yes

Poplar

SRC



Cool climates

low

high

Yes

Willow

SRC



Cold climates

high

high

yes

Annual/ biennial





low

low

Low biomass production

Guineagrass

Nicotianaglauca

(8tn/ ha the third year)
Topinambur

Perennial

Optimal pH 5.57.0



medium

high

Mainly for ethanol
production

6. Agronomic practices
This study refers to management practices and the mechanical equipment
usually used for the establishment and the harvesting of energy crops
cultivations. The main factors for the selection of the mechanical
equipment are the type of the land area and their availability in the pilot
area.

6.1. Land preparation
The land preparation practices for herbaceous biomass crops (giant reed,
cardoon, switchgrass/guinegrass, sorghum, triticale and miscanthus)
include simple ploughing and harrowing in a depth of 0-30cm (cardoon 040cm). The mechanical equipment which can be used for these operations
are common cultivators and harrowing machines. The weed control could
be achieved by using either chemical inputs (herbicides application) or
mechanically (cultivators) [4], [19], [20], [66].
The soil preparation of SRC’s (black locust, poplars, willows etc) includes a
ploughing in a depth of 25-40cm and harrowing for weed control.
The next tables present the land preparation practices and relative
equipment for each crop [67].
Table 10: Land preparation of herbaceous crops
crops

practices

practices/ equipment

weed control

herbicide application

giant reed

simple ploughing

simple cultivator

harrowing

disk harrow

weed control

cultivator

ploughing

cultivator

harrowing

thorough harrowing

weed control

inter row ploughing

ploughing

cultivator

cardoon

Switchgrass/
guineagrass
miscanthus
Sorghum

topinambur

rolling

roller

ploughing

simple cultivator

harrowing

disc harrow

Ploughing

cultivator

harrowing

disk harrow

Weed control

cultivator

ploughing

simple cultivator (the using of
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potato planting machine,
minimizes the field
preparation

Table 11: Land preparation of SRCs
crops

practices
ploughing

practices/ equipment
cultivator (depth: 25-40cm)
harrowing

black locust
weed control

application

(herbicide
3-4

days

after

establishment)
ploughing

cultivator (depth: 25-40cm)
harrowing

poplar
weed control

application

(herbicide
3-4

days

after

establishment)
ploughing

cultivator (depth: 25-40cm)
harrowing

willow
weed control

application

(herbicide
3-4

days

after

establishment)
ploughing

cultivator (depth: 25-40cm)
harrowing

eucalyptus
weed control

application

(herbicide
3-4

days

after

establishment)
ploughing

cultivator (depth: 25-40cm)
harrowing

siberian elm
weed control

application

(herbicide
3-4

days

after

establishment)

6.2. Planting
Cardoon, switchgrass or guineagrass, topinambur, sorghum, triticale and
eucalyptus can be cultivated using seeds. This type of establishment is a
cheap

method.

However

topinambur

and

eucalyptus

can

also

be

established by rhizomes and cuttings separately, but these methods are
more expensive. A common cereal distributor can be used for the seeds
establishment.
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The herbaceous crops giant reed and miscanthus are planted by cuttings
and rhizomes. Common vegetable planters with the appropriate settings
can be used for cuttings establishments.
Short rotation coppices are planted mainly by cuttings or rhizomes [68].
The usual mechanical equipment used in this case includes step planters
(figure 22) or vegetable planters. The step planter cuts the planting
material into 18-20cm cuttings, inserts the cuttings vertically into the soil
and firms the soil around each cutting [69].

Figure 22: Step planter (source: defra, [69])

Table 12 presents the planting and the equipment used for crops
establishment, and also the recommended plant densities.
Table 12: Plantings practices and operations
Planting or seeding
plant/ seed
equipment
density

crop

planting material

period

giant reed

rhizomes or cuttings

vegetable planters

10,000-30,000/ ha

November- February

cardoon

seeds

cereal seed distributor

10,000-20,000/ ha

Autumn or early
spring

Switchgrass/
guineagrass

seeds

cereal seed distributor

10,000-30,000/ ha

April-May

miscanthus

rhizomes (length: 810cm)

special miscanthus
planters or potato
planters

10,000-15,000/ ha

April-May

topinambur

seeds, tuber sprouts
or rhizomes

vegetable planters

38,000-40,000 /ha

April
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Sorghum

seeds

cereal seed distributor

100,000150,000/ha

Feb-March

triticale

seeds

cereal seed distributor

100,000150,000/ha

Feb-March

black locust

rhizomes or cuttings
(length 8-10cm)

step planter or vegetable
planter

10,000-12,000/ ha

March-April

poplar

cuttings (length: 2025cm)

step planter or vegetable
planter

10,000 / ha

March-April

willow

cuttings (length: 2025cm)

step planter or vegetable
planter

10,000 / ha

March-April

eucalyptus

seeds or cuttings

Seed sistributor or step
planter or vegetable
planters

10,000 / ha

March-April

siberian elm

cuttings

step planter or vegetable
planter

10,000 / ha

March-April

6.3. Harvesting
The herbaceous biomass crops can be harvested by maize silage
harvesters. For the harvesting of Jerusalem artichoke a potato harvester
can be used. SRC’s are harvested by cut harvesters or cut & chip
harvesters [69]. An example of a chip harvester is presented in Figure 23.
With this machine, the crop is cut and chipped in a single pass and the
resulting material must be dried artificially immediately following harvest,
to prevent deterioration.The typical equipment used for the harvesting
operations of herbaceous and SRC crops are summarized in the Table 13

Figure 23: Chip harvester (source: AFBI, [70])
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Table 13: Harvesting machines
harvesting
crop

equipment

period

giant reed

January-February

cardoon
Switchgrass/
guineagrass

July-September

miscanthus

October-December
Common maize silage
harvesters

November-March/
April

Sorghum

June-Aug

triticale

June-Aug

topinambur

potato harvester

November

black locust

October-March (3-5
years)

poplar

October-March (3-5
years)

willow

cut harvesters or cut
& chip harvesters

October-March (3-5
years)

eucalyptus

October-March (3-5
years)

siberian elm

October-March (3-5
years)

6.4. Storage
Storage is generally required for securing the procurement of fuel to the
energy conversion plants, for improving the biomass quality (e.g. allowing
natural drying and needles loss) and for optimizing the logistic system
[71].
The type of storage depends on the properties of the biomass, especially
moisture content.
The herbaceous biomass can be stored outside protected by a covering
(plastic sheeting) or in a storage facility.
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Biomass derived from SRC’s can be stored in the SRC plantation itself,
elsewhere on the farm, at an intermediate location or at the processing
unit.
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7. Selection of energy crops and conclusions
7.1. Summary
In the present study, 12 energy crops are described in order to select
those that could be cultivated in the region of Cambrils for energy
purposes based on the soil and climate characteristics of the tested area.
These crops include: sweet sorghum, triticale, giant reed, cardoon,
switchgrass, black locust, Siberian elm and eucalyptus. Except these,
other potential crops that could adapt in the soil and climatic conditions of
the region of Cambrils include: miscanthus, poplar and willow but they
also have special input requirements.
An additional parameter that needs to be considered when selecting the
mixture of energy crops to be planted is the need to ensure a steady
biomass supply through the year. This strategy allows for the reduction of
storage time and thus the avoidance of losses, as well as the optimal
utilization of agricultural machines. For example, the crop mixture
presented in Table 14 has harvesting periods which are spread throughout
the year.
Table 14: Harvesting periods of suggested energy crops throughout the year

J

F

M

A

M

J

J

A

S

O

N

D

Sorghum
triticale
Cardoon

Switchgrass/ guineagrass*
*Switchgrass is harvested mainly the period from October to December but summer and
winter harvesting are possible too in South European conditions even though the former
may affect the longevity of crop.

7.2. Economic analysis of biomass production costs
The economic analysis of energy crop productionconsists of the cost
analysis of all agricultural production stages [72]. According to Ericsson
[73],

the

energy

crop

production

cost

is

divided

in

three

main

components:
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• the cost of cultivation
• the cost of land
• the cost of risk
The cost of cultivation mainly includes the cost of establishment,
fertilization, harvest, field transports, road transports, broker age, weed
control, administration, overhead and wind-up (when terminating the
cultivation). Many of these cost items, e.g. establishment and fertilisation,
include both labour and machinery costs.
The land cost can be a tenancy cost, the interest rate of purchased land or
an opportunity cost.
With regards to the cost of risk farmers often ascribe a higher cost of risk
to less developed, perennial energy crops than to traditional, annual crops
due to their limited knowledge and experience of growing these crops, and
to the long-term commitment that these crops entail in terms of land use.

Figure 24: Cost parameters of energy crops production costs [74]
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7.3 Energy crops selection and production costs
After the data collection about the soil and climatic conditions of the test
area, literature review about the energy crops that could be cultivated in
the test plots and the availability of mechanical equipment, CERTH and
Cooperative of Cambrils decided to plant the following crops in the
selected area:


cardoon



Panicum

sp.:

switchgrass

or

guineagrass

depending

on

the

availability of Panicum seeds


sweet sorghum



triticale

The planting material, the sowing equipment, the sowing density and the
harvesting processes are summarized in the next table.
Table 15: Agronomic characteristics of the selected energy crops
Planting

sowing

sowing density

material

equipment

(seeds/ ha)

Perennial

seeds

cereal seed
distributor

10,000-20,000

Common maize
silage harvesters

Perennial

seeds

cereal seed
distributor

10,000-30,000

Common maize
silage harvesters

Annual

seeds

cereal seed
distributor

100,000-150,000

Common maize
silage harvesters

Annual

seeds

cereal seed
distributor

100,000-150,000

Common maize
silage harvesters

crop

Crop type

Cardoon
Switchgrass/
guineagrass
sweet
sorghum
triticale

harvesting

With regards to the cardoon sowing and harvesting, the seeds germinate
easily as long as soil moisture and air temperature (15–250C) are
favorable. For this reason, sowing time can be either autumn or spring in
the Mediterranean climates. The aerial biomass is harvested in summer
(second year), as soon as it dry.
Switchgrass can be sowed as long as the air temperature is greater than
10-150C. Guineagrass can be sowed at the summer period. The harvesting
process of the switchgrass usually takes place the period between
February-October, but summer and winter harvesting are possible too in
South European conditions even though the former may affect the
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longevity of crop. In what concerns the harvesting period of the
guineagrass

this

can

take

place

the

first

70-80

days

after

the

establishment. The subsequent harvesting processes are made at an
interval of 40 - 45 days [75].
With regards to cereal crops, triticale and sorghum, sowing time can take
place at early spring and the harvesting procedure in the period between
June and August depending on the moisture content of the crops.
Several studies have been carried out for the estimation of the production
cost of energy crops. CRES (Centre for Renewable Energy Sources and
Saving) and Agricultural University of Athens, presented a model [76] for
the economic analysis of energy crops production cost. In the study of
Carasco, [77], the estimation of the total production costs of triticale and
sorghum is presented. The following Tables present production costs of
the 4 selected energy crops based on the estimations carried out by the
previously mentioned studies. In what concerns the production cost of
switchgrass and guineagrass, it is assumed that it is similar for both
cultivations, since the two species belong to the same genus.
Table 16: Production cost of switchgrass/guineagrass
Switchgrass
Operation

Greece

Italy

Spain

France

Planting (€/odt)

1.6

1.21

1.09

1.18

Irrigation (€/odt)

7.3

2.46

1.93

2.54

Fertilisation (€/odt)

5.71

5.47

4.75

5.29

Weed control (€/odt)

4.41

5.03

3.76

4.17

4.1

5.77

3.56

5.1

0

0

0

0

2.2

2.18

2

1.82

25.32

22.12

17.09

20.1

10.9

13.1

13.1

13.1

275.988

289.772

223.879

263.31

All other operations (€/odt)
Cost of land (€/odt)
Overheads (€/odt)
Cost of Production (€/odt)
Aver. Yield (odt/ha)
Production Cost (€/ha)
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Table 17: Production cost of cardoon
Cardoon
Operation

Greece

Italy

Spain

France

0.74

2.55

0.75

1.4

Planting (€/odt)
Irrigation (€/odt)

6.18

Fertilisation (€/odt)

9.86

22.13

9.51

12.79

Weed control (€/odt)

4.43

11.46

4.33

6.41

All other operations (€/odt)

3.12

12.06

3.4

6.31

0

0

0

0

2.06

2.89

1.96

1.95

20.21

57.27

19.95

28.86

13.1

6.4

13.8

11

264.751

366.528

275.31

317.46

Cost of land (€/odt)
Overheads (€/odt)
Cost of Production (€/odt)
Aver. Yield (odt/ha)
Production cost (€/ha)

Table 18: Production cost of triticale and sorghum
Northern Spain
triticale sorghum

Operation

Southern Spain
triticale
sorghum

Land preparation (€/odt)

22.5

0.00

13.33

0.00

Seeds (€/odt)

28.5

7.37

27.17

6.09

7.5

2.11

5.83

1.74

Irrigation (€/odt)

0

4.74

0.00

7.39

Fertilizers (€/odt)

42.5

3.41

8.80

0.00

Pesticides (€/odt)

12.75

0.00

0.00

0.00

Spreading (€/odt)

11

0.53

1.17

0.43

40.75

13.63

44.67

15.83

Monitoring (€/odt)

1.25

0.16

0.50

0.17

Average yield (odt)

4

19

6

23

667

606.8

608.8

728

Sowing (€/odt)

Harvest (€/odt)

Production cost (€/ha)

Table 19 summarizes the production costs of the selected energy crops.
The results are presented in two different scenarios. In the first scenario,
the irrigation and chemical inputs costs are included and in the second
one the estimation of biomass production costs carried out with no
irrigation and chemical inputs costs included.
In both situations, as it seems from the table, the production cost of
switchgrass and cardoon is much lower than the cost of the two other
crops triticale and sorghum. This is probably happens due to the lower
quantity

of

seeds

needed

for

the

establishment

of

cardoon

and

miscanthus.
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The cost of the land is assumed as nil because it is owned by the
Cooperative of Cambrils.
Table 19: Estimation of the production costs of the selected energy crops
energy crop

operation costs (€/ ha)
irrigation and chemical inputs included

without inputs supply

Switchgrass/guineagrass

223.879

87.115

cardoon

275.31

84.318

triticale

609-667

402-549

sorghum

607-728

442-548

*For cardoon and switchgrass as they are perennial crops the sowing cost takes place only
once at the establishment year.
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8. Perspectives in the Region of Western Macedonia
The methodology followed for the selection and establishment of energy
crops in the region of Cambrils could be implemented in another European
Regions. 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.
In Greece and especially in the Region of Western Macedonia, a lot of
surveys have been carried out last years, in order to evaluate the biomass
supply chains. For example, in the frame of the European project DEPCO,
the

Region

of

Western

Macedonia

established

cynara

cardunculus

(cardoon) at pilot plots in an area of 400ha. A fuel analysis of the energy
crops took place at CERTHs laboratories by the end of the first year
harvesting.
Furthermore, cardoon co-firing tests were carried out in the Power Public
Corporation Plant of Kardia. Through that project the stakeholders and
staff of the Region have developed their experience into the biomass-toenergy sector.
In what concerns the LIFE COOP 2020 project results, it is expected to
create new challenges in the biomass-to-energy sector for the Region of
Western Macedonia. Suitable energy crops could be cultivated in arid and
abandoned areas for energy purpose. The harvested biomass could be
either used in co-firing activities in PPC plants operating into the Region of
WM, or for the production of high added value biofuels. The positive
impacts of such actions could be:


exploitation of arid and abandoned areas



rising of agricultural income



preservation of the rural world in the countryside



creation of new jobs



cover of energy demands



operation of smart energy grids
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