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2.3   Versioni

Per una maggiore versatilità è disponibile anche la versione verticale di sigillo e logotipo da utilizzare nel 
caso non sia possibile l’uso della versione orizzontale. Anche in questo caso la singola parte (A) viene 
usata per determinare la distanza tra sigillo e logotipo.

È possibile utilizzare il solo logotipo nella versione orizzontale qualora la dimensione del sigillo dovesse 
risultare più piccola delle dimensioni minime consigliate (vedi 2.5.1) o, nel contesto, la riproduzione del 
sigillo potesse risultare pleonastica e ridondante.

A

2.3.1 Sigillo e logotipo verticale 

2.3.2 Logotipo orizzontale
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1. Introduction 

1.1 Objective of Pellet Production from Lignocellulosic material 

Developing a resource and energy efficient technology to produce pellets from lignocellulosic 
material as bedding for livestock farming such as poultry or cattle is one important aim of the 
Organic-PLUS project. Conventional bedding pellets for poultry usually consist of a mixture 
of wood shavings or wood chips and chopped straw which is not certified organic and can 
contain considerable amounts of herbicides and pesticides, which would be seen as 
contentious by organic consumers. For cattle often chopped and baled straw is used which 
can be longer and rougher than the one used for poultry. An additional worry is that cattle 
may eat conventional bedding straw and the pesticides may get in the organic food chain. 
Therefore, there is urgent need for alternatives. 
Organic straw is usually not produced in high quantity, therefore more expensive and difficult 
to source. In addition, transportation costs of organic straw can be high when shipped from 
locations far away. Because of a favourable climate, arable farming and straw is often found 
in dry and lowland areas while livestock farming is more frequent in rainy or mountainous 
areas. However, trees and agroforestry systems can equally be grown in rainy or 
mountainous areas and therefore local processing supply chains can be established to 
produce pellets to replace straw with processed woody (lignocellulosic) plant material. This is 
also true in areas too dry for cereals like in many parts of Southern Europe were woody 
material is available from draught tolerant trees like olives. Here again livestock is used e.g. 
in the Dehesa system and although free-range grazing requires little straw some is still 
necessary for raising young stock in cattle and poultry (calf and pullet rearing). To achieve 
this a variety of plant sources across the Organic-PLUS European partners is tested for is 
suitability as a straw replacement in bedding. Using existing technology, properties of 
bedding pellets can be improved if processed from lignocellulosic material with an extruder 
and pelletising plant at exact settings. An additional line of inquiry is if the plant sources have 
beneficial properties for animal health, and if so specific agroforestry plantings with trees or 
shrubs suitable to provide this additional benefits could be planted. 
 
As leader of task 4.3, “Development of alternative/new bedding materials from agroforestry” 
the Leibniz Institute for Agricultural Engineering and Bioeconomy (ATB) is leading this work. 
This report (D 4.4) describes the technology available in pilot scale at ATB to produce pellets 
for cattle and poultry bedding. This includes the initial defibration of the lignocellulosic 
material as well as the drying of the fibre produced and the pelletisation of that fibre. The 
technology to defibrate lignocellulosic material is called extrusion and will be described in 
detail below as well as the drying and pelletising of the fibre produced. 
 
The purpose of this report is to inform stakeholders interested in phasing out the use of 
bedding material from non-organic production. Scientists involved in the Organic-PLUS 
project are collecting and investigating different lignocellulosic materials which are likely to be 
suitable as bedding material following extrusion and to test further applications of pelletised 
fibre as bedding material. All lignocellulosic plant species have a different microstructure 
which has an effect on the processed fibre and its quality.  
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In the extrusion process, a range of different sources of lignocellulosic material may be used:  
 

- Chipped wood from agroforestry such as poplar (Populus spp.) or willow (Salix 

spp.) 

- Chopped forest residues e.g. prunings, sticks and branches 

- Material from landscape management 

- Grape vine and olive prunings 

- Remains of other production processes (e.g. perennial herbs, sea buckthorn 

(Hippophae rhamnoides) 

 
Each raw material contains different substances which may affect the health of livestock in 
various ways, especially poultry. Sea buckthorn for instance has been shown to improve the 
health of broiler chickens. (Stef 2009) 
 
The twin-screw extruder has proven to be an energy and resource efficient way to produce 
natural fibres from woodchips. Here, two intermeshing co-rotating screws crush and rip the 
material resulting in temperatures up to 100 °C and pressure up to about 500 kPa. Due to the 
repeated sudden expansion of pressurized heated steam created within the extrusion 
process caused by the moisture inside the wood chips, and the high friction forces, the wood 
chips burst apart into fibres and exit the aperture. The twin screw extruder also mixes 
material together resulting in high homogeneity of the end product. (Kuschel 2004) After twin 
screw extrusion the still wet fibre is dried for storage prior to further processing into pellets.  
 
Another possibility to defibrate wood chips is to put them through a hammer mill. Hammers 
(movable metal plates) are mounted in rows on a drive shaft and crush the wood chips by 
hitting them at a high speed. Fibres and particles produced by this method are rather coarse 
or predominantly spherical instead of elongated compared to extruded fibre but still fine 
enough to be pelleted.  
 
As a final step to produce bedding material the fibre is processed in a medium scale 
pelletising machine. Fibre is fed into the pellet press and pressed into a flat or cylindrical die 
by rollers. Oversized particles are not a problem as they are crushed in the process. Due to 
the friction within the process, the temperature rises to approximately 100 °C where lignin is 
softened. The lignin reaches its glass-transition temperature (Irvine 1985, Kuschel, 2004) 
and acts as a binding agent so no additives are needed.  
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1.2 Requirements on Fibre and Pellet Quality  

1.2.1 Fibre Particle Size Distribution 

As Figure 1 shows an even particle size distribution is important for the consistent production 
of pellets with similar characteristics. For the Organic-PLUS project a particle size distribution 
analysis has been carried out on different extruded lignocellulosic materials and as well as 
on poplar fibre processed in a hammer mill operating with three different sieve sizes (2,8 
mm; 4,8 mm; 6 mm). The analysis is carried out with a sieve tower in a three-fold 
determination. Each sample is divided into different particle size classes.  
 

Figure 1. Particle size distribution of various plant fibre produced by the extruder at ATB at 
identical aperture setting [Source: ATB] 
 
As shown in Figure 1 each species has a different particle size distribution at an identical 
machine setting. Grape vine has more coarse fibre than the other extruded species. Poplar, 
thyme, hedge trimmings and sage have noticeably more fines. Olive fibre is somewhere in 
between.  
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Raw data for the calculation of the specific energy demand [kWh/tDM ] of the hammer mill 
were determined by means of frequency converter. 
 

 
Figure 2. Particle size distribution of poplar fibre produced by the hammer mill at ATB 
processing wood chips with different sieve sizes [Source: ATB] 
 
Figure 2 shows the particle size distribution of poplar fibre processed from woodchips by a 
hammer mill. Included in this graph is the specific energy demand per tonne dry mass for 
each process setting. The least energy is needed to process poplar wood chips through a 6 
mm sieve. It is also shown that the fibre processed at that setting has coarser fibre than the 
other two. These investigations have also been done for the Organic-Plus project. 
 

1.2.2 Pellet Production: 

Moisture absorption is a very important characteristic of bedding pellets. Unlike pellets 
produced for heating purposes, bedding pellets need to be soft enough for poultry to walk on 
without getting small cuts and bruises from hard/sharp pellets or wood chips that could lead 
to infections. Pellets still need to have a strong enough structure to prevent them falling apart 
during transportation. In order to be able to achieve these characteristics, a pellet with very 
specific properties needs to be produced. Other than a hard, high density burning pellet, 
these bedding pellets are softer, absorb moisture faster and are of lower density.  
 
Since these pellets are going to be used as bedding material in organic farming, chemical 
and non-organic additives/ binding agents cannot be used. A great advantage of wood is the 
matrix lignin in which the cellulosic fibre is imbedded. All land plants contain lignin for 
structural support and as a mechanical barrier for pest resistance (Jung, 1998). At 
temperatures from 70 °C to 180 °C lignin reaches its glass transition temperature (Tejado, 
Pena et al. 2007), Irvine 1985) and acts as a binding agent when the pellet cools down again 
(Hasler, Nussbaumer et al. 2001).  
 
After use as bedding material, pellets can be utilised as a soil amendment. (a mix of 
disintegrated pellets and excretions) This is an efficient closed-loop method by which 
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bedding pellets and the nutrients from animal waste can be recycled. The fibre from which 
the pellets were made needs to be tested for decomposition or disintegration if they are to be 
used as soil amendment after being spread on crops. Composting used pellets prior to 
application to the soil might be one way to accelerate disintegration. 
 
 

1.3 Water Absorption Fibre 

There are several different standards and methods to test the properties of the manufactured 
fibre and pellets. Dependent on the purpose the fibre is intended for, various characteristics 
may be measured. For our purpose, EN13041 “Soil improvers and growing media. 
(Determination of physical properties) Dry bulk density, air volume, water volume, shrinkage 
value and total pore space” will be used. Measuring all these characteristics in fibres is time 
and resource consuming. Hence, initial studies of some extruded plant materials and 
discussions about their suitability for pelletising, are required before systematic 
measurements of these characteristics can be conducted for a range of samples.  
 

1.4 Abrasion of Pellets 

Pellet quality can be tested with the DIN EN 15210-2 (Determination of mechanical durability 
of pellets and briquettes). The sample is subjected to controlled shocks in a fixed rotating test 
chamber. Inside, the pellets collide with each other and the walls of that chamber. The 
mechanical strength is calculated from the mass of the sample left after the separation of any 
abraded and finely crushed particles. 
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2. Processing of Lignocellulosic Materials from Agriculture to 
Pellets 

2.1 Process Chain  

 

 
Figure 3. Process chain of lignocellulosic materials from agriculture/ forest residues to fibres. 
[Source: ATB] 
 
Figure 3 shows how raw materials such as forest residues and agroforestry trees are 
processed into fibres. Trees from agroforestry are cut by a mower chipper or a modified 
forage harvester depending on the species and size. If the diameters are too large, they are 
cut down manually with chainsaws and are processed with a mobile chipper (Pecenka and 
Hoffmann 2015). Forest residues and horticultural prunings undergo the same process.  
After that process the wood chips are transported to a storage location where it is possible to 
dry them, reducing biomass degradation and potential contamination by mould. Once the 
moisture content of the wood chips is below 20 % they are shelf stable. 
Wood chips are usually stored within a short distance of the extruder to minimise 
transportation costs and carbon emissions due to transportation. Emissions can also be 
reduced if the short rotation coppice is close to the processing location. In this case, poplar is 
grown on ATB ground very close by.  
 
At ATB shortly before extrusion, dry wood chips are conditioned to a certain moisture content 
to achieve specific properties in the fibres and pellets produced. The wood chips are 
conditioned in a barrel by adding a specific amount of water. The barrel will tumble for 48 to 
72 hours to let the wood absorb the water. In a commercial scale an exact calculated stream 
of water can be added continuously to the process so the wood chips need no pre-treatment. 
The amount of water added depends on the initial moisture content of the wood chips and 
the moisture content required for the particular fibre or pellet being produced.   
 
Moisture content also has an effect on the energy consumption of the extruder. Adding 
additives like biochar or lime is possible during extrusion or after, when the fibres are mixed. 
Ultimately the fibres are dried, packaged and stored or processed into pellets.  
 
At ATB the fibre produced is immediately dried at 150 °C in a flash dryer in preparation for 
storage. Fibre is sucked directly from the aperture of the extruder into the flash dryer. It stays 
in the flash dryer for approximately 2 seconds. The fibre is separated from the air by a 
cyclone separator and collected in a 1 m3 heavy-duty woven plastic bag. There is the 
potential to treat relatively moist material in an extruder, avoiding the high inputs of energy 
and effort required to dry them. These characteristics signal that there may be other possible 
applications of this technology.  
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Another way to process wood chips into fibre for pelletisation is to process the raw material 
e.g. prunings or wood chips in a hammer mill. A big advantage of the hammer mill is that the 
raw material does not need to be watered prior to processing and drying afterwards is not 
necessary. This does, however mean that fresh material with a high water cannot be 
processed because the sieve will clog.  
 
As a final step, the fibre is processed into pellets. Fibre is continuously fed into the pellet 
plant and forced into either a flat or cylindrical steel-die by rollers. The steel-die consists of 
up to several hundred press channels (holes) side by side which are drilled through either a 
thick flat round metal plate or a thick cylinder of metal depending on the type of plant that is 
used (see Section 2. technical solutions). The first part of the press channel is cone shaped 
at an angle of approximately 60 ° followed by a cylindrical part where high friction occurs, see 
figure 4. The fibre is continuously forced into the press channel by either rotating rollers or a 
rotating die depending on the machine used in the process. A new layer of fibre is pressed 
down into the press channel each time a roller passes the opening of that channel. Heat is 
released by friction in the active press channel, so that the temperature of the die rises to 
110 °C and 130 °C (Nielsen, Gardner et al. 2009). 
 

 
Figure 4. Example of a press channel [Source: (Nielsen, Gardner et al. 2009)] 
 
Moisture content is as a key influencing parameter for the entire pelletising process as it 
influences the comminution and activation process as well as the agglomerate resistance. 
Comminution can be promoted by optimal water content as can agglomerate strength 
(especially in the raw state). Agglomerate strength can also be increased by formation of 
solid bridges as well as by triggering surface tensions and capillary forces. Furthermore, the 
existing water can serve to preserve the activated secondary valence bonds so they attain 
their full strength after formation of the pellets and drying. There should also be as many 
contact points and overlaps of particles of fibre during compaction as possible in order to 
achieve optimal conditions for the formation of solid bridges and positive bonds (Lehmann 
2009).  
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Pellets leave the press at a temperature of about 70 °C. The increased temperature and the 
presence of steam release part of the lignin within the fibre. This acts as a natural binder and 
gives further mechanical strength to the pellets (Hasler, Nussbaumer et al. 2001). 
 

2.2 Technical Solutions  

2.2.1 Twin Screw Extruder  

  
Figure 5. Open twin screw extruder with material inside (left), whole extruder opened (right) 
at ATB [Source: ATB.] 
 
As shown in Figure 5, in the twin screw extruder at ATB, opposing screws exert mechanical 
energy upon the wood chips. The raw material is crushed, sheared, squeezed and grated. 
The moist wood chips are split mainly parallel to the fibre bundle structure. During this 
process the pressure is up to 500 kPa and the temperature reaches approximately 100 °C. A 
sudden relaxation (steam explosion) results in tearing of the cell structure. The last part of 
the screw in front of the outlet opening (aperture) is designed to force a partial reverse flow. 
This favours a plug formation (the formation of material being compressed into a plug) and 
the build-up of an internal overpressure in the comminuting space. This is the space inside 
the extruder where the material is sheared, crushed and mixed and this leads to a 
particularly intense pressure and shear stress. The high temperature in the extruder also 
causes the lignin to reach its glass transition temperature. This transition is manifested as an 
abrupt softening of the lignin either at a single temperature (the glass transition “point”) or 
over a relatively narrow temperature range. (Irvine 1985); Kuschel 2004) 
 
Assessments will need to be made regarding the economic and environmental feasibility of 
farmers making use of this technology. If a farm is located close to a processing facility, then 
the energy expended transporting raw materials and finished products will be minimal but for 
farmers located more remotely, other solutions may be required. It is feasible to fit an 
extruder of industrial scale, like the one at ATB, into a 40 foot container. As the extruded fibre 
should not have a moisture content above 20 % before being processed into pellets, a dryer 
is necessary as well; a small industrial scale dryer can also be fitted into a 40 foot container. 
Therefore, both extruder and dryer can be mobile.  
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Another economic possibility would be that agricultural drying and pelleting plants buy an 
extruder since drying and pelletising technology is already available at the location. Only the 
transportation of the wood chips from the farmer to the agricultural drying and pelleting plant 
would have to be organised. Transportation lines to these locations are usually already 
established due to transportation of regular crops to be dryed or processed. Adaption of 
transportation to wood chips should not be problematic.  

2.2.2 Single Screw Extruder 

A single screw extruder also operates by mechanical energy input. In this process material is 
pressed against the profiled inner casing of the extruder, causing shearing, tearing, crushing 
and squeezing. A twin screw extruder however is more efficient at defibreing than a single 
screw extruder. 

 
Figure 6. Single screw extruder. [Source:(Mehuys 2004)] 
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2.2.3 Hammer Mill 

The hammer mill located at ATB crushes wood chips by impact crushing in which the wood 
chips are hit by the hammers at high speed. The result is that the chips break into smaller 
fractions until they can be sucked through the perforated sieve on the bottom of the milling 
chamber. The milling degree and consequently the particle size of the crushed material is 
determined by the size of the sieve holes (see Figure 2). The crushed material (fibre) is 
sucked from the milling chamber through the corresponding sieve by means of a fan. With 
the air flow generated by the fan, the fibre is separated via a cyclone and collected in a 
modified lidded bowl mounted underneath. 
 

 
Figure 7. Laboratory scale hammer mill GM 401 H02 with different sieves at ATB [Source 
ATB] 
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2.2.4 Flat-Die-Press 

 
Figure 8. Working principle of a flat die pelletizing plant, simplified representation [Source: 
(Kaltschmitt and Hartmann 2001)] 

 
In a flat die press as shown in Figure 8 rollers run over the material (fibre) and push it into the 
press-channels. Due to the rotational movement of the roller the fibre is further compressed 
into the press-channels. By the same action, even distribution and possibly secondary 
crushing of the fibre occur. Emerging pellets at the end of the press-channels are sheared off 
by a knife or break off under their own weight. Rollers are usually not driven; they rotate due 
to friction with the die or from the pressed material. The combination of disk-shaped die and 
circumferential rollers causes radial distribution of pressing power on the compressed fibre, 
which can result in fluctuations in pellet quality.(Kaltschmitt and Hartmann 2001)  
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2.2.5 Ring-Die-Press 

 

 
Figure 9. Working principle of a ring die pelletising plant, simplified representation [Source: 
(Kaltschmitt and Hartmann 2001)] 

 
As presented in Figure 9 in a ring die press the roller-axles are rigid while the die is driven. 
As a result, fibre is conveyed into the press-channels and compacted, whereby a uniform 
pressing power is applied over the entire die. Like the flat die press, the pellets are cut off 
with a shearing blade or break under their own weight. (Kaltschmitt and Hartmann 2001) 
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2.2.6 Refiner/Disc Mill (High Energy)  

A refiner is a large disc mill operating at high speed, which produces a very good quality fibre 
(Figure 10). However, the energy consumption is high (1,2 - 2 MWh/t). It operates at very 
high pressures of about 4,000 kPa and temperatures between 110 °C and 200 °C (Kuschel 
2004). These fibres are very clean and mainly used for paper or board (MDF (Medium 
density fibre board) and HDF (High density fibre board)) production.  
 

 
Figure 10. Refiner of the company Andritz [Source: Croce & Wir, Mantscha 160, 8052 Graz - 
Austria] 
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3. Raw Materials and Required Raw Material Properties 
Many different lignocellulosic materials (Table 1) have been processed to fibre at ATB for the 
Organic-PLUS project. Most commonly wood from short rotation coppice (SRC) or 
agroforestry like poplar (Populus) or willow (Salix) was used because of its high availability. 
Black locust (Robinia pseudoacacia) which is also common in SRC and has also already 
been processed to fibre for a different task in Organic-PLUS is not suitable though as a raw 
material for bedding in poultry farming. Compounds within Robinia like robinetin and 
dihydrorbinetin inhibit fungal growth (Smith, Campbell et al. 1989) but are poisonous when 
eaten. Poultry tend to peck at their bedding material therefore consuming a small part of it. 
24 hours prior to slaughter, poultry is not fed as any feed given within that period will not 
contribute to their sale weight. Poultry will however continue to eat and will consume their 
bedding material. For this reason, poultry bedding should not be poisonous.  
 
Table 1. Overview of materials for fibre production which have been processed already at 
ATB (SRC =Short Rotation Coppice, AFS =Agro Forestry Systems ) 
 

SRC/AFS 
 

Forestry/ Municipal 
wood 

Pruning Processing 
residues 

Poplar, 
Willow, 

Black Locust 

Residues from forest 
operations, 

municipal woodlands 

Grape vine,  
Olive, 

 Sea Buckthorn  

Spice/Herb 
production 
residues 

 
 
Table 1 shows a variety of plants which have been processed into fibre at ATB. This fibre 
can be further processed into bedding pellets. and may bring other benefits to livestock.  
Stef (2009) found a positive effect on the digestive system of broiler chickens being fed with 
dietary supplements from different plant extracts. Savory (Satureja hortenis), mint (Mentha 
piperita) and sea buckthorn (Hippophae rhamnoides) essential oils improved the immune 
response of the broilers. It was also found that a beneficial change of the duodenal mucosa 
can be brought about by these plant-extracts. Sea buckthorn has also proven to be 
antifungal and antibacterial against various microbial cultures responsible for triggering 
infections and diseases (Mohan Gupta, 2011). 
Many other plants have beneficial properties to livestock which can also be seen in Table 2. 
 
Grape vine and fruit trees are usually cut during wintertime and so their prunings have no 
leaves attached. Harvesting SRC is carried out with heavy machinery on frozen soil to 
minimise soil compaction. To be able to drive heavy machinery on the crops the soil has to 
be frozen to a depth of at least 20 cm. In some winters the temperature does not drop low 
enough for long enough. Dry soil is also suitable for harvesting with heavy machinery. Other 
residues from landscape maintenance such as grass, hedge trimmings and herbal plants do 
form lignified tissues and usually have a high amount of fines, so are not suitable for fibre, 
however municipal waste wood from gardens, parks and graveyards may be of interest if the 
conifer content is below 25% or if the material is mixed with that from other sources.  
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In order to be able to store raw materials over a long period of time the moisture content 
should be below 20 %. Shorter term storage of material with a higher moisture content is 
possible.  
 
Table 2. Raw material with beneficial properties for livestock (antibacterial, antifungal etc.) 

Rank Plant 
(scientific 

name) 

Part of plant that 
might be 
beneficial 

Characteristics/ 
Benefits 

Reference 

1 Sea buckthorn 
(Hippophae 
rhamnoides) 
 
 
 
 
 

bark 
leaves 
berries 
seeds 
or extracts of 
these in form of 
oil 

improved immunological 
response (increase of 
leukocytes) 
 
changes of the duodenal 
mucosa with beneficial 
effects for chicken (Gallus 
gallus domesticus) 

(Stef, 
Dumitrescu et 
al. 2009) 

Willow-leaved 
sea buckthorn 
(Hippophae 
salicifolia) 

Crude leaf / seed 
extract 

antibacterial and 
antifungal efficacy  
 

(Mohan Gupta, 
K Gupta et al. 
2011) 

2 Willow 
(Salix sp.) 

bark 
leaves 

salicylic acid efficacious 
against flukes (trematode 
parasites 

 

(Waller, Bernes 
et al. 2001) 

3 Walnut 
(Juglans regia) 

husk 
leaves 

antimicrobial (Ali-Shtayeh, 
Yaghmour et al. 
1998) 

4 Birch 
Betula sp. 

bark 
sap 

immunomodulatory, anti-
inflammatory, 
antimicrobial, antiviral, 
antioxidant, antidiabetic, 
dermatological, 
gastroprotective and 
hepatoprotective 

(Rastogi, 
Pandey et al. 
2015) 

5 Eucalyptus 
(Eucalyptus 
sp.) 

leaves antimicrobial activities of 
eucalyptus leaf extracts 

(Takahashi, 
Kokubo et al. 
2004) 

6 Elderberry 
Sambucus 
nigra 

berries treatment of 
gastrointestinal disorders, 

(Mayer, Vogl et 
al. 2014) 
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It is important for fibre quality that no leaves remain on the trees before harvesting. Leaves 
result in a higher proportion of fines and therefore lower quality wood chips that tend to 
develop mould quickly. Bark and seeds also cause a lot of fines. However, in producing 
fibres for bedding material pellets, there may be benefits to the inclusion of these parts of the 
plant, since most beneficial extracts and oils are contained in leaves, seeds and bark of 
lignocellulosic plants (see Table 2).  
 
 

 
Figure 11. Grape vine prunings after extrusion and blow drying. Left side (coarser end 
product) was extruded at 50 % moisture content right side (finer end product) at 40 %. 
[Source: ATB] 
 
As Figure 11 shows, a high moisture content of around 50 % during extrusion results in 
coarser/ longer fibres. Lower moisture content results in short fibres. The desired quality of 
pellets (“bad” quality in case of poultry) depends on fibre quality. At very low moisture 
contents the produced fibres at ATB are very short and appear as dust which can lead to a 
dense, hard pellet. Longer fibres might be desirable for soft absorbent pellets so an initial 
woodchip moisture content of 60% or 70% could produce an ideal fibre for pelletising. It is 
useful to condition the raw material before processing to have even moisture distribution. 
Higher moisture contents result in lower energy consumption because friction in the extruder 
is reduced.  
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4. Pilot Plant for Fibre Processing at ATB 

4.1 Twin Screw Extruder for Processing 

 
Figure 12. Flowchart showing inputs and outputs of the extrusion process at the ATB 
extruder plant. [Source: ATB] 
 
Figure 12 shows the simplified twin screw extrusion process that the raw material is going 
through to be processed into fibres. As shown it is important to have an input of at least 20 
kg or rather 100 dm3 of wood chips (or other input material depending on the bulk density), 
since the losses in the process due to void volume and cleaning range around 10 kg. Volume 
expansion ranging between 10 % and 25 % occurs during the extrusion. Within the extrusion 
process it is also possible to add: 

-  steam in order to have a higher processing temperature of up to 160 °C which 
softens the lignin more, resulting in better defibrated material,  

- water to reduce friction and therefore energy consumption as well as getting a 
longer fibre  

- other additives such as ash, biochar or lime 
The setting of the aperture has the greatest effect on the throughput, energy consumption 
and the fibre properties. A large opening results in a coarse, long and large fibre, a small 
opening in short, small and fine fibre.  
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4.2 Basic Information About Energy Consumption and Throughput 

4.2.1 Extruder  

The processing capacity of the extruder (drive power 90 kW) in the ATB plant is set around 
300 kg/h (dry matter). This value only applies if the whole setup is optimal and the raw 
material has properties comparable to agricultural silages such as corn silage (high water 
content above 50 %). The usual throughput is below 300 kg/h, commonly between 200 kg/h 
and 250 kg/h (dry matter). The more water is added to the process, the faster the material 
passes through because friction is reduced, resulting in reduced energy consumption and a 
lower milling effect. This means that more material can be fed in but at the cost of particle 
size (Figure 11). Higher moisture content, leading to longer fibres with more throughput and 
less energy could therefore be a win-win. 
 
Several extruder settings can be adjusted during the process, such as aperture (opening), 
screw speed, feeding speed and filling level. Which settings are optimal depends on the 
characteristics of the input material, and the properties required of the output material. 
 

 
Figure 13. Specific energy demand at different aperture settings by the extruder at ATB in 
kWh/tDM at moisture content of approx. 50 % for various types of raw material [Source: ATB] 
 
As shown in Figure 13 the specific energy consumption (Wspec.) by the industrial scale 
extruder at ATB which for various types of lignocellulosic materials ranges in between 24,8 
kWh/tDM for olive and 123,86 kWh/tDM for hedge trimmings. Olive, thyme, sage, oregano and 
bay were provided by Turkish partners from of the Organic-PLUS project and sent to the ATB 
for processing. Poplar, grape vine and black locust were collected in Germany by ATB. The 
moisture content for each material in this study was set at approximately 50%.  
Because bay and oregano did not defibrate very much at an aperture setting of 20 mm these 
were processed at 10 mm. Oregano was very fine as a raw material therefore needed a lot of 
force to be reduced in size and defibrated. Bay raw material was coarse but had a lot of 
leaves attached because it is an evergreen plant. Essential oils within those leaves reduced 
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friction heavily, so the cellular structure could not be broken down, leading to very coarse 
fibre with big chunks of wood in it. The material also passed through the extruder at a 
considerably fast pace due to the reduced friction.  
 

4.2.2 Hammer Mill  

The hammer mill GM 401 H02 to defibrate wood chips is located at ATB. It has a nominal 
power of 18.5 kW. The only setting which affects the energy demand that can be adjusted is 
the sieve aperture size. In testing for the Organic-PLUS project it was found that a smaller 
sieve results in high energy demand (Figure 14) because the raw material stays in the 
crushing chamber for longer before being sucked through the sieve. The sucking fan requires 
approximately 30 kWh/tDM for conveying the crushed material with a high volume of air. 
 

 
Figure 14. Specific energy demand of the hammer mill at ATB in in kWh/tDM for different sieve 
sizes [Source: ATB] 
 

4.2.3 Pelletising plant 

Due to complications in the building process of the pelleting plant it has not yet been possible 
to produce enough pellets to measure energy demand or throughput at continuous operating 
of the plant. The pellet plant has two 22 kW powered electrical engines that drive the ring-
die. Throughput is estimated at 300 kg/h dry matter. Further testing and measurements of 
energy consumption of different fibre from lignocellulosic material are ongoing. Results will 
be obtained within 2019.  
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4.3 Conclusion 

This work provides a basis for further cooperation between different European countries to 
develop pellets as bedding material for livestock from lignocellulosic plants. Additionally, 
there is the potential for other advantages for the animals besides the primary function of 
bedding. More work is now required to determine the most suitable wood sources.  
However, to produce a pellet with specific qualities it is quite difficult to produce a fibre with 
the necessary specific characteristics. Adjusting extruder, hammer mill and ring-die-press 
settings the correct way is challenging but it is possible to use the existing machines and 
technology and adjust them to achieve the test-pellets required for future research.  
 
Different settings of the extruder or hammer mill combined with properties of the raw material 
have an influence on the fibre and pellets that are produced. This means there is a large 
number of ongoing tentative tests to adjust the pilot plant extruder, hammer mill and ring-die-
press to a specific setting.  
 
Therefore, on the basis of these results, we will test further agroforestry material supplied by 
other Organic-PLUS partners to demonstrate and refine the processing of different raw 
materials. Plants with additional properties like antifungal and other health improving 
attributes will be investigated further for use in the production of bedding pellets. We will 
explore how they can be processed in the pilot plant at ATB, recording the parameters 
discussed in this technical paper. 
 
Fibre characteristics for various raw materials as well as the resulting pellet quality and 
settings of the extruder and pelleting plant will be studied in the further work within task 4.3 of 
the Organic-PLUS project.  
 
Promising pellets will then be sent to the University of Padova (UNIPD) in Italy. In vivo trails 
will be done for poultry and cattle with the pellets produced at ATB, then the results of these 
trails will help to develop the “perfect bedding pellet” for each animal.  
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