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1.Introduction
The present document constitutes Deliverable D1.3 – “Optimized protocols for harvesting,
separation and storage”elaborated
elaborated in the framework of the FIRST2RUN project.
The report refers to activities carried out within Work package 1, and specifically within Task 1.1
“Dry cardoon crop cultivation and fields management”.
The main objective of this document is to provide an overview of the protocols for cardoon
harvesting, separation and storage of all the fractions (e.g. seeds, lignocellulosic biomass) that
Novamont has tested and validated at demo scale in the last years in Sardinia.
Sardinia The goal is to set
the optimal protocol that will be used for achieving the targeted productivity of the project:
• Large scale cultivation of cardoon crop up to 3,500 ha of marginal lands not suitable for
food and feed.
• Achievement of cardoon seed yield > 1.5 ton/ha
• Lignocellulosic residues yield >15 ton/ha
In this document, correlation of all data and results collected within 5 years of field trials represent
the starting point for the further developments in FIRST2RUN. These last 5 years tests have been
carried out by Novamont in collaboration with CREA, through special agreements as national
funded projects ( i.e. BIT3G – Third Generation Integrated Biorefinery –website
http://novamont.com/page.php?id_page=16&id_first=12&id_second=13 ).
Two types of products can be obtained from the cultivation and harvesting of Cynara cardunculus:
lignocellulosic biomass and oil seeds. Cynara lignocellulosic biomass is a solid biofuel that can be
used directly for heating or for electric power generation. The seeds, due to their oil content, can
be used for industrial purposes, i.e. the production of biochemicals with high added value. Other
alternative applications, such as green forage for ruminants and pharmacological active
compounds extraction, are possible.
The largest scale cultivation of the cardoon Cynara cardunculus L.in Europe for biomass and
seeds production was installed by Novamont using common agricultural practices and machinery
in a total of 450 ha in northwest Sardinia, a region characterized by very hot and dry summers. The
results of these trials have confirmed that Cynara crops are suitable for biomass production in
Mediterranean regions. Due to the fact that cardoon is well adapted to the dry conditions and to
most of the soils, cardoon may be a good option in arid region of south Europe, such as Nurra area
( in Sardinia ), and large scale operation can be applied including separate harvesting for seeds
recovery. It is important to highlight that such pilot area has been selected according to the aim of
having cultivation of underexploited cardoon crops in marginal lands not in competition with
food/feed chains and complementary use of underutilized agricultural streams in an
environmentally friendly and economically viable value chain for the production of biobased
materials, products and bioenergy.
Moreover careful attention to cultural practices was deemed important for field homogeneity and
production. The observed differences in production and soil occupation could be explained by very
low annual rainfall, rock outcrops, soil heterogeneity and land topography. The observed plant
variation, namely in oil seed quality, suggests that potential improvements can be obtained through
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breeding. As regard the biomass crop harvesting, the most performing technique 1 aimed at
reducing losses and separating two fractions (i.e., seeds and lignocellulosic
ulosic biomass) will be
implemented in order to guarantee the constant supply of the raw materials with desired standard
characteristics to the industrial processes.

1

The use of existing equipment already implemented at local level for crops cultivation, the opportunity of adapting the existing harvesting,
separation and storage machines to the specificities of the cardoon crop will allow to reach the trade-off between the optimization of seeds
productivity and costs, limiting the use of new equipment only in case of need.
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2.Summary of Cultivation protocol
The agronomic protocol for cardoon crop cultivation and fields’ management is summarized as
follows:

2.1.Operations carried out in the first year (seeding):
1.
2.
3.

land preparation by tiller or disc plow to climb 20-25 cm depth;
seedbed refinement with disc harrow;
sowing (September to November) with pneumatic precision seeder (8 seeds/m2) and
contemporary local fertilization not always necessary. Sow the seed 2 – 3 cm deep;
4. weeding in pre-emergence
emergence or post-emergence with registered active ingredients;
5. restoration fertilization with centrifugal fertilizer spreader (not required in the first year);
6. if necessary insecticide treatment against Cassida deflorata suffr. (biomass) in early
spring and / or awl Larynus Cynarae (seed) before and after blooming with registered
active ingredients;
7. crop harvesting (maintains
maintains 15 cm from the ground as minimum cutting height) with the
combine harvester equipped with head prototype 1 or 2 (optimized
optimized to operate also on
stony soils) or wheat head adapted (sunflower kits) or alternatively, in the absence of
blooming (possible in the first year), mowing and harvesting the whole plant;
8. baling biomass with fixed chamber round baler;
9. collecting bales with a tractor equipped with forks and transporting by cart or truck to the
storage site;
10. transporting grain by cart or truck to the storage site and / or crushing; transporting bales
to the site of utilization.

2.2.Operations to be carried from the second year onwards
Only operations from 5 to 10 have to be repeated.
The fertilization plan will be used after the harvesting, according to the analysis of soil and removal
of the crop. It can be also useful distributing 20 – 30 ton/ha of quality compost before seeding to
reduce the intake of chemical fertilizers and returning organic matter to the soil while maintaining
soil fertility.

2.3.Site and climatic data
Data analyzed in the present documents were collected by Novamont in last 4 years from autumn
2011 to 2015, working in the Nurra2 region¸ a geographical area in the northwest of Sardinia, Italy
(40°48 ′28.8″N 8°15 ′14.4″E; 20 m a.s.l.), near the city of Sassari, where about 450 ha production
fields of cardoon (C. cardunculus
nculus L.) were established involving more than 50 local farmers. The
genotype used for sowing (Trinaseed
Trinaseed) is specific and maximizes yields in the agro chain of
Matrìca3 biorefinery. According to our evaluations and the data collected in the last years, these
fields represent the largest area of cardoon crop ever reported in Europe.
2

It is the second largest plain of the island, located between the towns of Sassari, Porto Torres, Stintino, Olmedo and Alghero. It covers a surface of
about 700 km² and is bounded by the Sardinian Sea on the west and by the Gulf of Asinara on the north.
3
A concrete implementation of the integrated biorefinery model developed by Novamont is Matrìca, the 50:50 joint venture set up in 2011 between
Novamont and Versalis ( Eni ). The Matrìca plants make use of a pioneering proprietary technology developed by Novamont research in which
agricultural raw materials and vegetable scraps are used to produce a range of chemical products ( biochemicals, biointermediates, monomers for the
production of bioplastics, bases for biolubricants and bioadditives for rubber ) by means of innovative and low impact processes.
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Figure 1 – Geographical location of Nurra region
Nurra landscape¸ is plain or slightly undulated, with rock outcrops. The economic situation has led
to an increasing marginalization of such lands, thus bringing to soil depletion as well as to a
decline in the local agricultural The soil type is mainly clay / silty clay. The Region has a
Mediterranean climate with continental characteristics, with very hot and dry summers. The mean
long-term rainfall (mm/month) recorded in Porto Torres are presented in the following table. The
average rainfall from October to April is about 414 mm.
Table 1: monthly average rainfall and standard deviation (average estimated over the last 70
years)

The environmental conditions were extremely dry during the last two years of crop with about 250
mm of rainfall (from September 2014 to March 2015) and 254 mm of rainfall (from
(
September 2015
to March 2016), while for the long-term
long
period the rainfall was on average 414.4
414 mm.
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3.Harvesting
3.1.Introduction
The harvesting should be carried out in summer (from July to September) after the completion of
the development cycle but before seed dispersal. The aerial biomass should be dry (<20%
moisture in the conditions of Nurra)
Nurra and the seeds ripe (<10% moisture).
In the summer harvesting, Cynara supplies three different products from which it is possible to
obtain raw materials for non-food
food uses. The head contains oil seeds, silky plumes or ‘pappi’ (the
parachute by which the achenes (one-seeded fruit) are propagated) and the remaining parts of the
plant are biomass.
As part of the project, Novamont has the task of developing the mechanization of farming
operations, especially harvesting, separating the various useful crop components, and also
working on possible ways of reducing logistical costs.
Novamont will assess existing machines to establish whether they can be modified for cardoon
cultivation and harvesting, as well as designing specific prototypes to fix the problems found in
existing cardoon fields.

3.2.Basic ideas for machine design
Various approaches for the mechanization of the harvesting operation can be envisaged:
• harvesting the whole plant without separation of its components;
• harvesting the whole plant with separation after the harvesting;
• in-field separation and harvesting of the heads and the rest of the plant, and the later
separation of the achenes;
• in-field separation and harvesting of the achenes and the rest of the plant.
At present in-field separation and harvesting of achenes and rest of plant is the best solution, also
from an economic point of view.
This can be done by a self-propelled
propelled combine harvester equipped with a specific cardoon head
which cuts the plant and threshes their heads. The achenes are collected in a hopper while the
biomass residue emerging from the straw walkers is deposited in swathes on the ground. A baler
follows the harvester to pick up and bale the crop and to transport it to the boiler plant.
Too much soil residue in the harvested cardoon will produce harmful ash during burning, so the
cutting height can be adjusted a little higher (about 0.15 m from the ground) to reduce the problem.
At the same time this solution leads to higher biomass losses.

3.3.Harvester – Head
As a matter of fact, the introduction of a new crop like the Cynara cardunculus will not be possible
until the machines for its harvesting
ing will be available on the market.
The experience matured testing the current harvester and exploring the possibility to provide the
head detachment on the field with the specifically designed prototype shows two operative lines on
which the efforts focused in the past years:
- the development of a self-propelled
self
mowing-baling machine equipped with a beheaded
device
- the change of the maize harvest head to cut the capitula and collect the seeds from their
threshing and, at the same time, to cut the stalks close to the ground and tier them ( i.e.
development of specific machinery to harvest and separate directly in
n the field the capitula
and biomass or seeds). A baler will then pick up the biomass.
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3.4.Prototype development to reduce the harvesting costs of
Cynara cardunculus L. and improve the transfer on the road
In the first harvester head prototype,
prototype the upper part (corn head) detaches capitula and moves them
towards the threshing device. The lower part (wheat mower) cuts the stalks at a height from the
ground between 0.25 and 0.4 meters and tier them in the space between the front wheels, where
successively the discharge system of the threshing device will provide to drop the residues of the
capitula threshing. A combine harvester NEW HOLLAND CS 540 was equipped with first head
prototype.

Figure 2 – First harvester head prototype
During harvesting in summer 2013 using the first harvester head prototype, it has been noticed the
possibility of breaking the mower in contact with the stones and the necessity to pick up the head
to prevent the contact mower-stone
stone. This resulted in a cutting height often higher than 40 cm from
the ground, leaving in the field relevant quantities of uncollected biomass.

Figure 3 - Harvester
arvester equipped with the first head prototype
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To solve this problem, a new prototype has been designed, with two systems that allow optimal
operation even in fields characterized by the presence of stones.
The folding CRX SOJAFLEX header (the lower part of the second head prototype)
prototype is a flexible
platform specifically designed for soybean harvesting that adapts efficiently over any type of
ground. This header can be furnished with an auto-float system that maintains a minimum cutting
height (0.15 m) throughout the whole width of the platform. Long divider points can separate the
most tangled stalks. The points are easily folded for transportation when supplied with quickrelease hooks. To harvest grain, barley or other products, the platform’s flexibility device can be
blocked for rigid operation.

Figure 4 - New harvester prototype
In the second harvester head prototype, optimized to operate even on stony soils, the upper part
(corn head) detaches capitula and moves them towards the threshing device. The lower part
(soybean mower, flexible platform specifically designed for soybean harvesting that allows a
perfect float over any type of ground)
ground cuts the stalks at a height from the ground between 0.15 and
0.32 meters. A combine harvester LAVERDA L524 has been equipped with second head
prototype.

Figure 5 - Harvester head

Tests carried out in the last year had highlighted the need of modifying the head, in order to
increase the productivity in the harvesting process and also to improve the quality of its work.
In the new 2016 head, changes
change have focused on the basal cutting apparatus, replacing the
soybean mower of the last season with six stalk chopper unit and by adding a folding system
without unbalancing of weight, with a complete visibility from the combine harvester thanks to its
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compact structure. The driver opens
open and closes head from the driver’s seat. The new 2016 head
can move on the road combined with the harvester (Figure 6).
The new Novamont/Cressoni head is available in a version with six rows and with stalk chopper.
The harvesting head has been modified to allow the cut at the base of the stalk (about 0.11 – 0.12
m from the ground) and will be tested in Porto Torres during the harvesting in summer 2016. It can
be applied to any type of combine harvester.
Data regarding the harvesting campaign in 2016 will be presented in Deliverable D1.6 “First
report on quali-quantitative assessment of the harvested fractions towards their industrial
exploitation” due at M24.

Figure 6 - Harvester with the new 2016 head
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Figure 7 – Layout of 2016 head prototype

3.4.1. 2016 prototype: stalk
talk rolls and stalk chopper
1. The head is equipped with tempered aluminum alloy gearboxes that enclose power
transmission to the stalk rolls, the chains and the stalk chopper. The steel gears undergo a
treatment of carbonizing, hardening and drawing, constantly lubricated in an oil bath. A
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2.
3.

4.
5.

characteristic addition is the modularity of the box, thus gaining in lightness and mechanical
toughness.
treated 2B (Figure 8).
The stalk rolls may be with 5 sharpened knifes 2A or steel heat-treated
3Each row unit is equipped with an independent adjustable clutch which protects it from
overloads, thus avoiding breakages and ensuring safety and reliability under various
harvesting conditions.
Hydraulically adjustable deck plates let you quickly adapt the head performance to varying
harvesting conditions.
The low power absorption stalk chopper mounted on each row unit is easily engaged and
disengaged in accordance with farmer’s needs and without jeopardizing the working of the
head. A highly important mechanical note is the use, in each stalk chopper unit, of a free
wheel which avoids overloads and heavy recoils, due to normal stops, acting on gears,
shafts, bearings, with the advantage of an extended working life for the protected
mechanical parts.The forward position of stalk choppers covers 100% of the rolls’ pulling
area. This system assures an optimal chop of the stalks, which pass from the rolls directly
to the working area of the chopper. The working areas of the rolls and the choppers fully
correspond and are overlapped,
overlapp
and therefore allow the chopping of the entire stalk’s
length in small pieces-starting
starting at a minimum safety distance of 0.11 m from the ground.

Figure 8 - The two rotating blades stalk chopper can be engaged or disengaged
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The speed S1 (Figure 9) pulls the stalk downwards by 10 horizontal knives per row, with the
lowest peripheral speed in the market, thus optimizing the harvest.
To improve stalks decomposition the speed S2 makes a vertically partial cut of the stalks by
the over 100 radial blades per row. Speed S2 is also higher than stalk speed S1.
To optimize the harvest process the blades are specifically designed to catch the stalk in many
opposite points at the same time thus causing less shaking than the traditional blade rolls, less
stalks inside the combine and a higher harvest speed.

Figure 9 – Stalk rolls

3.4.2. 2016 prototype: folding
olding cardoon head with six rows and stalk chopper
Some specific characteristic of the new prototype are listed below:

•

•
•
•
•
•

Foldable

Rows

Working
width

Header
weight

Row
distance

3.45 m

6

4.50 m

2,500 kg

0.75 m

The low-profile row-unit shields facilitates harvesting in down crop conditions and can be
lifted and ensured to provide a complete access for easy inspection and servicing to the
deck-plate area.
Head inclination is easily variable.
The frame structure is light and tough with sections specially designed for the specific use.
The driver can open and close head from the driver’s seat.
Complete visibility from combine thanks to its compact structure.
The head can be applied to any type of combine harvester.
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Figure 10 – Foldable head
This head, applied to CLAAS Lexion 630 (Figure 12), will be used to harvest about 300 ha of
cardoon during the summer of 2016.

Figure 11 – Claas Lexion 630

3.5.Harvester – Roundbaler
A combine harvester equipped with cardoon head was used to collect the seeds followed by the
baling of the lignocellulosic biomass using a Maxima 120 Pro, a fixed chamber round baler with
high output and reduced maintenance costs.
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Figure 12 - Roundbaler

Figure 13 – Gathering device
The gathering device’s characteristics are listed below:
•
•
•
•
•
•
•

•

A 2,200 mm working width Pick-up.
A specially shaped metal conveyor plate, with front crop roller, maximizes the intake
capability, greatly reducing the blockages.
Support Wheels aligned with the pick-up axle.
Hydraulic floating with chain stroke limiter.
Cam sliding double-raw ball bearings.
Reinforced double drive ( 1” inch chain size ).
25 knives cutting device with two independent sets, one with 13 knives the other with 12, to
properly chose the right length ( 90 or 45 mm ). Setting with remote electro hydraulic
control in tractor cabin.
Every knife has got a single safety device with automatic spring reset that is engaged in
case of accidental hit of foreign material.

Figure 14 – Cutting details
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3.6.Harvesting strategies
trategies
Several strategies have been identified as a function of the final use of the biomass. A lot of these
options have been tested by Novamont in the experimental fields of Cynara using conventional
machinery fitted for the industrial purpose.
At the moment the best solution is represented by a two stages harvesting for baled biomass
(separate harvest of seeds and lignocellulosic biomass)

3.6.1.1.Two-stages harvesting
This system allows the use of conventional machinery with little changes and has the advantage
that gives a more densified product than others. The biomass is obtained in the form of compacted
product ( square bales or round bales ), which can be easily transported.
The stages and the machinery needed to accomplish this type of harvesting are the following:
1st stage.- self-propelled combined harvester equipped with a specific cardoon
ardoon head to detach
capitula, to separate the seeds with good accuracy and to catch the stalk (aboveground
biomass of Cynara). The goal is to obtain a clean seed with very little loss.
2nd stage.- Tractor + hay rake followed by Tractor + Baler. After the achenes harvest, the
lignocellulosic biomass (crop
crop residues that have been dropped on field)
field is harvested. The
maize head permits the cutting of the crop so the residues of the stalks are roughly shredded
and are irregularly scattered on the entire area, while the residues of the threshed heads are
released in pathways situated over the previous.
In this stage two operating machines are consecutively used: the first machine is an agricultural
tractor combined with a common hay rake to concentrate the biomass dropped on the field in a
suitable pathway for the following machine, while the second one is another tractor combined
with a baler. Round balers and square balers will be tested. Square balers
lers are suitable if the
biomass has been previously chopped.

4.Storage
Strategies for storing cardoon fractions
fraction are currently under investigation.
The storage system will be designed taking into account the characteristics that need to be
preserved in time for the different fractions in relation to their further utilization in the biorefinery. In
addition, storage locations need to be carefully evaluated taking into account logistic and technical
aspects, thus preserving the specific characteristics of the stored fractions,
fractions the local available
infrastructure and optimizing costs
cost connected to the transportation.
The storage protocol and the set-up
set
of the storage site are currently under investigation and will be
presented in Deliverable 1.5 “Feedstock industrial plan assessment” due at M24.
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Figure 15 – Stocked biomass
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5.Conclusions
Previous projects developed by Novamont in Sardinia Region (Nurra area) showed the feasibility
of installing cardoon as an industrial crop using agricultural machinery and practices
prac
on marginal,
no longer cultivated lands. The cultivation of cardoon has been demonstrated at a scale of 450
hectares that have currently been sown, with the involvement of more than 50 local farmers.
According to experimental fields trials, and to internal studies carried out during the last 5 years
within cardoon cultivation and management, data and results were resumed and matched in order
to apply the cultivation protocol at progressively increasing scales in order to achieve the targeted
demonstration size by the end of the FIRST2RUN project (up to 3,5 kha).

Figure 16 – Process Workflow
Within the first year of the FIRST2RUN project, the focus has been on optimizing the system for
harvesting biomass and seeds, based on the experience acquired in the last 5 years of cardoon
cultivation by Novamont.
The winning option among the various alternative techniques will be the one which permits the
baled crop to maintain the maximum mass. Infield chopping is not convenient for the transport
phase because the resulting mass is low, but the resulting product can be used directly in the
boiler furnace. On the other hand, mowers and combined harvesters allow greater mass, but mean
there must be a chopper at a later stage to make the crop furnace-ready.
Different types of mowers and heads were tested. Up to date, the experience gained, whether
testing conventional harvester or exploring the possibility to provide new solutions (i.e. the double
stage head), have brought out two operative lines on which the efforts will be concentrated in the
next years:
• the development of a self-propelled mowing-baling machine equipped with a
beheaded band;
• the change of the maize harvester head to provide speed to the lignocellulosic
biomass so that to avoid excessive harvest of earthy (soil) material during the
successive stage of baling,
baling in order to reduce the ash content during the combustion
which may cause slagging problems during the process.
It has been shown that switching
witching from the head 1 to the head 2 prototype, productivity
increased from 0.92 ha / hour to 1.59 ha / hour, an increase of about 73% of the operating
capacity for work. It is therefore logical to expect the achievement of sustainable harvesting
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costs.
The development of such an innovative machine realized through conversion and
adaptation of already existing machinery, has the potential of generating new market
opportunities for the agricultural machine manufacturers as well as to reduce operational
costs for the farmers, increasing productivity.
With the new 2016 prototype we expect a further improvement of the operating capacity and of the
harvesting cost. Data regarding 2016 prototype will be presented in Deliverable D1.6 “First report
on quali-quantitative assessment
sessment of the harvested fractions towards their industrial exploitation”
due at M24.
A specific focus will be put on the reduction of inputs for the crops cultivation in view of further
reducing the environmental and economic impact as well as on the optimization of the innovative
harvesting techniques on field allowing to reduce losses and to increase the productivity of the
desired fractions (D 1.9-“Large scale cultivation of cardoon crop”).
Productivity of the obtained fractions (lignocellulosic biomass and seeds) through the adopted
protocol will be assessed and specific characterizations will be provided for each fraction. This will
allow to produce a feedstock industrial conferral plan by M24 (D1.5).
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