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Research activities to improve the logistic of energy crops

Stage of bioenergy chain Studied species

Propagation mat in nursery Poplar, arundo, miscanthus

Transplanting Poplar, Arundo, miscanthus

Harvesting Poplar, Eucalipto, Melia, 

Ash, Oilseed rape, Ethiopian

mustard, Arundo, Cardoon, 

Fiber sorghum, Sweet

sorghum

Storage Poplar, Arundo, Sweet

sorghum

Logistic Energy crops and residues

Biomass characterization Poplar, Arundo, Cardoon

Transformation Woody and herbaceous crops



The machine developed at prototype level allows to classify the

poplar cutting for SRF according to their diameter. The classification

will allow to speed up the packaging process and solving the

problem of the automatic feeding system in transplanters

Optical selection of Poplar cuttings for SRF
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Mechanization of Arundo rhizome extraction in nurseries

A mechanized system capable of reducing

rhizome production cost has been developed.

The solution proposed involves the use of a

modified stump grinder capable to section

and dig up rhizomes directly in situ. This

operation would make the subsequent

harvesting and packaging much easier.

Applied Engineering in Agriculture, 2013, vol 29(4): 489-494
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Reduced tillage for a good establishment of poplar planting

CRA-ING has developed a new system for

reduced tillage in order to carry out in one

pass both the deep cracking of the soil and

the superficial thinning of the area where the

cuttings will be grown.

In such way, there is reduction of the number

of field operations, creating, at the same time,

the better conditions for poplar rooting

without meaningful effects on yield.
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Harvesting system for Short and Medium Rotation Coppice

An innovative harvesting approach for two-years (SRC) and five-years

old poplar (MRC) has been designed: a semi-trailed cut-windrower

and a self-propelled chipper equipped with a pick-up head.

Five-years old

(Medium Rotation Coppice

MRC)

Two-years old

(Short Rotation Coppice

SRC)



Harvesting of different SRF crops

The experimentation started the last spring. It aims at evaluating

the suitability of the self-propelled Claas Jaguar combined with

the GBE-1 header for the harvesting of different species

cultivated as SRF crops. The species are the following:

- European Poplar

- American Poplar

- Eucalyptus

- Melia

- Fraxinus



Forage harvester chipping systems

Presently, the rotor mounted foragers

harvesters has been designed for the

harvesting of grass crops, when they

are used. The reduced size of SRF

final product can negatively affect the

wood chip storability.

A new drum chipper to apply on self

propelled forage harvester has been

designed in order to shift the particles

size distribution towards the larger

dimensional classes.
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Arundo harvesting

Claas Jaguar Prototype CRA-ING/Spapperi

First tests were carried out adapting common self-propelled forage

harvesters. A new prototype is under study in order to improve the

particle size distribution of chips.



Harvesting of cardoon (Cynara cardunculus)

Diversification and specialization seem to be the most suitable ways to

add value to cardoon. A selective harvest would allow to use the

lignocellulosic biomass for energy or/and paper pulp, the seeds for oil

and the pappi for chemicals.

CRA-ING has conceived and refined over the years a combine head

able to collect separately the different biomass fractions.



Fiber sorghum harvesting

Transactions of the ASABE, 2013, vol 56(3): 829-837

One of the main constraints hindering the cultivation of fiber sorghum is the lack of

an efficient harvesting method.

Over the years, CRA-ING has introduced various technical improvements (starting

from the first prototype) that greatly improved the field drying of fiber sorghum.

2007 2010
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Harvesting residues

Prunings

Performance evaluation of 

commercial machines

Development of a prototype

Stump residues

Analysis of working times 

and fuel quality

Riparial Arundo

Assessment of  the operating 

capacity and the potential yield 
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Harvesting residues



Several storage trials has been carried out during time in

order to identify the best methodologies for preserving the

qualitative traits of fuel.

Storage (1)

Natural
drying

Covered pile

Compacted
pile

Ventilated 
heap

Stem wood 
chips

Branch wood 
chips

Cuneo

2007

Modena

2009

Ferrara

Monterotondo

2013 
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Storage (2)



Time-course study of the moisture content and the dry matter losses occurred

during the storage of whole poplar trees (SRF) arranged in windrows aimed at

identifying the most suitable harvesting period for poplar SRF for high-grade fuel

quality.

Storage (3) - Windrows



19

Storage (4) – References (poplar)



Ventilated and not 

ventilated stoage tests 

for chopped Arundo

Storage (5) – Arundo and sweet sorghum

Dry matter and sugar content losses

evaluation in sweet sorghum in relation to

the length of stems portion and storage

period.



GIS and GPS tools for logistic

GIS and GPS tools has

been developed to

schedule the daily

harvesting operation in

biomass plantations and

to organize the logistic

for feedstock handling

and transport in function

of the machine type and

the pedoclimatic

conditions.



Biomass characterization – Facilities and studies 

Availability of lab instruments for the

determination of ash content, heating

value, ash melting point, elementary

analysis.

Set up of new methods based on

the image analysis for the

classification of wood particles,

depending on both size and shape.

Chemical-physical

analysis of the 

biomass

Chemical-analitycal

assessment of 

emissions

CHN analyser ICP/MS GC/MS
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Experimental demo agroenergies center 

The results of the scientific
research activities are transfered
also trought the Experimental
demo center on agroenergies.,
The objective is to transfer the
technological innovation to the
final users, working as linkage
between the different
stakeholders involved in the
agroenergy chain (industries,
mechanical enterprices,
agricoltural investors, etc.)

Downloadable from http://ing.entecra.it/biomasse/

http://ing.entecra.it/biomasse/
http://ing.entecra.it/biomasse/


All the data
obtained from the
research activities
carried out are
freely downloadable
from the Site:
http://ing.entecra.it/
biomasse/

English version in

www.gruppo-
panacea.it

Thank you for your attention
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