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Presentation of new areas of application  
for SpreuStroh
Maria Schäfer, Martin Sturm, Steffen Exler

Every year, 10 million tonnes of chaff are available for recovery as residual material in Ger-
many alone. Based on an innovative harvesting process that enables the recovery of the un-
cleaned grain in a mixture of chaff and chopped straw, the chaff can be put to a value-adding 
use in the form of the novel biomass mixture SpreuStroh (chaff-straw). In this paper, various 
processing options and thus possible uses of the chaff-straw mixture are presented. Based 
on an extensive characterisation of the SpreuStroh, possible applications for the farmer are 
shown. The system-related removal of weed-seeds and thus the reduction in the use of pes-
ticides represents a particular benefit for the environment. Further processing of the chaff-
straw mixture reveals higher-value potential uses, such as use in 3D printing or as an additive 
in fibre-plastic composites.
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Every year in Germany, 10 million tonnes of chaff remain on the fields as unused biomass (Rumpler 
2016). The chaff yields vary in the range of one to one and a half tonnes per hectare (Berger et al. 
2010). A newly developed, innovative harvesting process makes it possible to harvest these quantities 
of chaff in a mixture with grain and straw. This makes it possible for the first time to  reliably provide 
industrially required quantities (Rudolph 2020).

In the course of the increasingly intensive search for renewable raw materials and the reduction 
in the use of only slowly renewable resources, such as wood, the use of chaff, as a biological residual 
material, appears to be an interesting alternative. In recent years, there have been numerous efforts 
to use the residual material chaff for an application. The main focus was on the use in keeping of an-
imals (Mann et al. 1988) and energy use (Fick-Haas 2015, Khalsa et al. 2016).

In this paper, the possibilities of central processing of the SpreuStroh, recovered with the new 
harvester, are shown. Various possible applications for SpreuStroh must be considered and applica-
tion-oriented processing technologies must be made available in a modular process chain. The focus 
is on the one hand on the comprehensive material and physical characterisation of the raw material 
and on the other hand on the resulting possibilities for processing the material. Options for special 
application possibilities are to be made available for the novel product.
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Materials and methods
The SpreuStroh used was harvested in 2019, 2020 and 2021. The mixture consists of wheat straw 
and wheat chaff in equal mass proportions. SpreuStroh is harvested together with wheat straw. The 
harvesting method of compact harvesting is described in the literature (Rumpler 2015, Rumpler 
2016, Rudolph 2020). In a pre-cleaning process, the grains are separated from the SpreuStroh and 
the separated SpreuStroh is used for the investigations presented here.

Methods of processing
Various comminution machines were used to crush the material. They differ in their kind of stress. 
For preparation of fibrous materials comminution by impact and cutting are considered from the five 
possible kinds of stress (impact, pressure, shear and cutting). An ultra-centrifugal mill from Retsch 
GmbH (ZM 200) with different sieve inserts from 2 mm to 250 µm was used to realise the cutting 
stress. For the comminution by impact different mills were used. A pin mill (Gebrüder Jehmlich GmbH, 
REKORD A, with pin ring) was used for primary crushing. For the fine grinding by impact a small im-
pact mill from Gebrüder Jehmlich GmbH with different sieve inserts from 1 mm to 250 µm were used.

Methods and characterisation
To estimate the possible applications a comprehensive characterisation of the original material and 
the different products after processing is necessary. In every step of processing the particle size dis-
tribution is analysed by an analytical sieving (to 100 µm, plansifter, Haver & Boecker). To analyse the 
particle size distribution after grinding laser diffraction was used (Analysette, Fa. Fritsch). To com-
pare the different particle size distribution the median value x3.50 and the width of the distribution 
(s = (x3.90 ‒ x3.10)/x3.50) were used. 

To assess the flowability of the prepared products, shear tests were carried out according to Jenike 
(Schubert 2003) at the institute of mechanical process engineering and mineral processing at der TU 
Bergakademie Freiberg. Therefor the material was loaded and sheared in a defined way in a so called 
Jenike shear cell and the relevant measured values recorded. 

In order to determine the dry matter and mineral content of the individual materials, a thermo-
gravimetric analysis (TGA/DSC 1, Fa. Mettler Toledo) was carried out. The individual stages of mass 
loss can be assigned to individual stages of decomposition on the basis of the temperature curves. 
The first loss of mass (stage 1), which is due to the evaporating water, is of importance. In the next 
loss of mass (stage 2), all carbon-containing substances are decomposed. What remains is a residue 
(stage 3), which is of a mineral nature and is thus equated with the mineral content of the sample.

The SpreuStroh is mixed with polypropylene in a laboratory extruder (type 20/25 D, Babaender). 
The state of the mixture is evaluated by thermogravimetric analysis. The extruded composite materi-
als are processed into tensile-test-bars in a laboratory injection moulding machine (Babyplast 6/10-P, 
Christmann). These are examined with regard to tensile strength and maximum elongation in a ten-
sile testing machine (Z 005 table-top testing machine, ZwickRoell) and examined and compared with 
regard to the influence of particle size and fibre content in the composite material.

Special properties of SpreuStroh
In order to determine the optimal areas of application for the novel material mixture SpreuStroh, nu-
merous analytical considerations were carried out. The harvested material is obtained as a mixture 
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of grain, straw and chaff in proportion (Figure 1). 25 % of the straw is harvested and 75 % remains on 
the field for humus formation. On the other hand, 100 % of the grain is harvested and, in addition to 
conventional harvesting methods, 100 % of the chaff is harvested. This mixture is driven off the field 
in one pass, followed by pre-cleaning, i. e. separation from the grain. The remaining mixture of chaff 
and straw is available in a mass ratio of 1 : 1 and can be further processed and prepared.

The straw has already been pre-shredded on the harvester by a standard shredder, which guaran-
tees a certain continuity in the starting material. For illustration purposes, Figure 2 shows a particle 
size distribution of the starting material SpreuStroh from the harvest in 2019.

Figure1: Schema compact harvesting method (Rudolph 2020)

Figure 2: Particle size distribution original material SpreuStroh from the 2019 harvest
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Due to the mixture of chaff and straw, there is a rather broad particle size distribution with a range 
of 2.32 (x3.50 = 2.19 mm). In Figure 3, chaff and straw are shown separately. The visual difference 
between chaff and straw is clearly visible. The mixture of both materials leads to a rather inhomoge-
neous mixture, which has to be considered when preparing it for different applications. These differ-
ences are also reflected in the material composition of the chaff and straw. The main differences are 
briefly described in the following discussion. The combination of the different properties of chaff and 
straw leads to numerous advantages in various fields of application. 

Thermogravimetric analysis reveals the organic dry matter and mineral content of the material. 
Samples of pure straw and pure chaff were prepared for analysis. It can be seen that the organic dry 
matter is lower in chaff (87 %) than in straw (90 %). This is due to the fact that chaff has a 3 percentage 
points higher mineral content than straw. At 8 %, mineral content of chaff is considered to be high. A 
mixture of chaff and straw will therefore have a lower organic dry matter and also a higher mineral 
content compared to pure straw. This has advantages or disadvantages, depending on the later appli-
cation of the SpreuStroh. The lower amount of organic dry matter, for example, leads to a lower meth-
ane yield in a biogas plant. For higher-value applications, such as the use of SpreuStroh in building 
industry as an insulating material, SpreuStroh has clear advantages due to its higher mineral content 
than straw, as this improves its fire behaviour.  

As already indicated by the differences in mineral content between chaff and straw, the materials 
also differ in terms of other material properties. The content of cellulose, lignin and hemicellulose is 
important for various applications of biogenic residues. Wood, as a widespread natural raw material, 
is always used for comparison. For evaluation, the method according to Weender is applied and the 
material data of SpreuStroh and wood are shown in Table 1. Compared to wood, chaff and straw have 
a significantly lower lignin content. For cellulose and hemicellulose, chaff and straw are in a similar 
range to wood.

Figure 3: Individual fractions of SpreuStroh; left chaff, right straw
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Table 1: Content of cellulose, lignin and hemicellulose in chaff, straw and wood determined according to Weender 
(Gelamin 2020)

Material Lignin 
%

Cellulose 
%

Hemicellulose 
%

Wood (Pastusiak 2003) 18–30 43–50 22–36
Chaff 6.0 36.8 40.4
Straw 6.5 41.9 30.7

In order to investigate the influence of the chaff content in the SpreuStroh on the fire behaviour, 
two defined mixtures of SpreuStroh were prepared. In the first sample, the chaff content is only 40 %, 
in the second sample 66 %. The fire behaviour was carried out for both mixtures according to EN  
ISO 11925-2:2020. As a result, both samples were classified in fire class E. In terms of flammability 
when exposed to direct flame, the chaff content therefore has no direct influence and is in the same 
order of magnitude as pure straw. In addition, the thermal conductivity of SpreuStroh, similar to 
straw, was also determined with regard to its use as a thermal insulation material. These tests were 
carried out in accordance to the EN 1602:2013 and EN 12667:2001 test standards for the assessment 
of building materials. From the results, it can be deduced that a higher chaff content means that the 
material in a thermal insulation board is more difficult to compact. This is due to the shape of the 
chaff. During compaction, the chaff particles do not necessarily lie on top of each other in flat layers, 
as is known from straw. If the proportion of chaff in the SpreuStroh mixture increases, the thermal 
conductivity also decreases slightly. This is also due to the fact that the shape of the chaff leads to low 
compression and thus more heat-insulating air can be trapped. The coefficient of thermal conductiv-
ity was 0.043 W/(m ⋅ K) on average during the measurements.
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Results and discussion
Use of SpreuStroh for the farmer's own needs
The simplest form of use for the SpreuStroh is as bedding for animals. Short straw/chaff is easier to 
spread in the stable and moreover it is easier to remove from the stable after use. The SpreuStroh 
harvested with the compact harvesting method already has the necessary fibre length and does not 
need to be additionally shredded. However, in order to have an even easier handling of the SpreuStroh 
as bedding, the material can be chopped and pelletised before use (Gerighausen and Höner 2008, 
Schoebel 2010, Khalsa et al. 2016). Another advantage for use as bedding is the high water absorp-
tion capacity of chaff. This strongly varying with the different types of grain, but is at least 500% of 
the net weight. (Berger et al. 2010). It is thus higher than when pure straw is used as bedding, which, 
at approx. 300 % of its own weight, can bind a relatively small amount of water (Häussermann et al. 
2002).

Straw can also be fermented in a biogas plant. The highest possible dry contents matter, as these 
lead to a higher methane yield (Reuters 2013). Another important aspect with regard to utilisation in 
the biogas plant is the pulping of the fibres. The lignin in the fibres has to be broken either mechan-
ically or chemically. (Kerkering 2019). Investigations with chaff have shown that one kilogram of 
chaff can provide approx. 0.33 m³ of methane in the biogas plant (Marti et al. 2013). Straw, however, 
has an average methane yield of only approx. 0.16 m³ kg-1. (Chandra et al. 2012, Kerkering 2019). 
Straw is currently being pre-treated for use in a biogas plant, thereby significantly increasing the 
methane yield (Chandra et al. 2012).

The compact harvesting method enables the farmer to save on herbicides. By collecting chaff, a 
large proportion of weed seeds are also included in the chaff fraction and are not spread back into the 
field, resulting in a reduction of weeds on the field. These are predominantly weeds whose mature at 
the same time as the grain. This realisation is not new in itself, but has been forgotten in recent years 
with the development of ever more powerful combine harvesters (Griepentrog and Brandt 1985, 
Shirtliffe and Entz 2005). In most cases, the weed seeds can be separated from the SpreuStroh by 
simple sieving at the farm. Laboratory tests have shown that common poppy and cornflower seeds, for 
example, can be easily separated from the SpreuStroh using a 1-2 mm sieve (Figure 4).

During the sieving at 1mm not only weed seeds will be separated but also approx.. 10-15% of the 
SpreuStroh. This fraction could be separated from weed seeds by an air classifier. The laboratory ex-
periments with an air classifier (laboratory air classifier Mini 40-ST, Fa. Samatec GmbH) have shown 
that the weed seeds are specifically heavier than the SpreuStroh fraction smaller than 1 mm. The 
SpreuStroh is carried along with the air flow and the weed seeds fall against the air flow following the 
earth's gravitational field.
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Higher-value uses for SpreuStroh
In addition to the use of SpreuStroh on one's own farm, SpreuStroh can also be used for higher-value 
applications, for example as an additive in plastic parts produced by extrusion or injection mould-
ing. This requires some preparation steps, which are presented and compared in the following. The 
application possibilities result primarily from the material properties resulting from the processing. 
First the material was crushed. This is done in several stages with different shredders, which differ in 
the type of stress. Figure 5 shows the particle size distributions of shredded SpreuStroh to a particle 
size below 1 mm. Cutting stress in an ultra-centrifugal mill (ZM200, Fa Retsch GmbH) and the impact 
stress in a small impact mill (Gebrüder Jehmlich GmbH) was compared. 

Figure 4: Sieve analysis SpreuStroh as well as common poppy and cornflower

Figure 5: Comparison of particle size distribution of differently crushed SpreuStroh (x < 1 mm), microscopic picture 
of SpreuStroh (x < 1mm impact stress)
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Figure 5 shows a slightly finer product can be achieved with x < 1mm with pure impact stress. 
That’s because chaff, due to its higher mineral content, is somewhat harder and cannot be optimally 
crushed by the cutting stress. In the worst case, the grinding of SpreuStroh would result in greater 
abrasion of the cutting tools in the mill. Chaff is more compact than straw and less fibrous. Straw 
alone is known to crush very well with a cutting stress. It should also be noted that the energy re-
quired to break up the SpreuStroh is significantly lower with impact stress.

The particle size distributions in Figure 6 show that there is only a slight difference whether chaff 
straw is reduced to the final fineness with a pure cutting stress or whether impact and cutting stress 
are combined. The decisive factors here should be the required comminution energy and the possible 
abrasion of the grinding tools. This shows that a combination of the stress types is preferable, as 
significantly less energy is required for a similar final fineness. The combination of stress types also 
has an influence on the further processing of the crushed material. The flowability of the material is 
of great importance for the storage and conveying of the crushed SpreuStroh. Investigations of the 
flowability of the crushed SpreuStroh according to Jenike have shown that a combination of impact 
and cutting stress is quite reasonable, also with regard to the flowability of the material.

Table 2 shows the flow characteristics from the analysis of flowability according to Jenike for two 
differently comminute SpreuStroh samples. For sample 1, pre-crushing was carried out by means of 
impact loading and then the final fineness was achieved by means of cutting stress. Sample 2 was 
produced in a two-step process via a cutting stress. The particle size distributions of both samples are 
shown in Figure 6.

Figure 6: Comparison of the particle size distribution by combination of stress types with the pure cutting stress, 
microscopic picture of crushed SpreuStroh
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Table 2: Flow characteristics from the analysis of the flowability of crushed chaff straw according to Jenike

Material Yield 
locus

σ1 
kPa

σc  
kPa

ffc φi  
°

φe 
°

τc  
kPa

ρb  
kg/m³

SpreuStroh  
impact + cutting 
stress

0 3.7 0.1 38.5 44.8 45.4 0.02 191.0
1 6.1 0.2 28.0 40.7 41.6 0.05 200.1
2 12.1 0.1 132.9 42.6 42.7 0.02 211.1

SpreuStroh
cutting stress

0 3.0 0.4 7.9 61.0 39.1 0.09 195.1
1 5.6 0.1 41.1 55.2 42.5 0.03 209.1
2 12.0 0.6 21.4 34.6 40.3 0.13 203.5

Explanation of the physical quantities: 
σ1 called major principal stress decisive for the strength properties.  
Bulk density ρb depends on the magnitude of the consolidation stress acting on the bulk solid.  
Cohesion τc describes the shear strength of the bulk solid.  
angle of internal friction at steady-state flow φi describes the "incipient flow" of the bulk solid.  
unconfined yield strength σc describes the strength of the bulk solid under uniaxial loading.  
effective angle of internal friction φe describes the internal friction of the bulk solid during steady-state flow.

Both analysed materials are very loose bulk, which can be compacted by light mechanical stress. 
Both samples are classified as easy-flowing or free-flowing. This is shown by the high flowability 
characteristics (ffc = σ1/σc)in Table 2 across different stress states. This proves to be particularly 
favourable for later silo dimensioning and transportation of the material. Cohesion also does not in-
crease with increasing solidification and is to be classified as very low.  Due to the fibrous structure 
of the material, this was not necessarily to be expected. During steady-state flow, the fibres neverthe-
less appear to hook together, as the effective angle of friction is unusually high even at low stresses, 
indicating high internal friction in the bulk material. Comparatively, it can be concluded for the two 
samples that the combination of impact and cutting stress is advantageous for comminution. Thus, a 
combination of different stress types makes not only from an energy point of view sense for crushing 
of SpreuStroh.

The SpreuStroh, which is crushed in various stages, can be used in different areas and replace 
other natural materials, such as wood, or reduce the consumption of wood. Some possible applications 
are presented in the following passage.

A common application of wood fibres is the production of wood plastic composites, short WPC. 
In this process, the plastic is substituted to a certain percentage by the wood fibre. The proportion 
depends on the required properties of the product and is adjusted individually. Fibre contents of up 
to 70% are common. The price of wood has risen significantly in recent years (Markmann 2022) and 
it makes sense to think about replacing some of the wood fibres used with other biogenic residual 
materials that grow more quickly. In doing so, certain requirements have to be fulfilled. On the one 
hand, it should be possible to grind the material to the desired fineness. As described in the previ-
ous chapter, it is possible. The average particle size of the material should be between 400 µm and 
800 µm. Furthermore, the bulk should be free-flowing so that it can be stored and conveyed well in the 
corresponding production facilities. The investigations into the flowability of SpreuStroh have shown 
that the new material SpreuStroh has very good properties in this respect. Another indication of good 
processing in extrusion processes is the bulk density of the crushed material. Tests on SpreuStroh 
have shown that the bulk density increases significantly as a result of the comminution (raw material: 
25 kg/m³) and is in the required range at approx. 130 kg/m³. 
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The use of SpreuStroh in injection moulding is also possible. The investigations have shown that a 
fibre content of up to 50 % is possible without additives to modify the SpreuStroh fibre (Figure 7). For 
better mixing of plastic and SpreuStroh, both components should be mixed before injection mould-
ing. To further increase the proportion of fibres in the component, the surface of the fibre should be 
chemically modified and so-called adhesion promoters, such as silanes, should be used. The tensile 
strength and elongation of the plastic-SpreuStroh composites (Figure 7, right) decrease significantly 
with increasing fibre content. In the investigations carried out, no dependence on the type of commi-
nution of the chaff straw could be determined.

In summary, the use of SpreuStroh in extrusion and injection moulding processes can replace wood 
and other fibres (e. g. glass and carbon) in many areas. However, there are areas where application does 
not seem to make sense. This is, for example, the use as reinforcement in fibre-reinforced plastics for 
heavily loaded components. SpreuStroh can be used in natural fibre-reinforced plastics wherever it is 
a question of substituting the plastic and thus reducing the proportion of plastic in a component. As 
soon as it is a question of reinforcing a plastic and improving the mechanical properties of the plastic, 
the use of chaff straw will not be possible due to the naturally relatively short fibres. 

A very fine material with a particle size of less than 250 µm is required for use in the 3D printing 
process. It is possible to crush SpreuStroh into this size range. For this purpose, it is recommended 
to crush the material in at least a three-stage process. This process is quite energy-intensive. A more 
favourable variant is the use of dusts from dedusting plants of other processes for the treatment of 
SpreuStroh. Whether this is the dedusting of chaff straw as animal feed, or the material from a pro-
cessing plant of chaff straw for extrusion or injection moulding, is negligible. The SpreuStroh particles 
separated in the cyclone of a dedusting system usually have the fineness required for 3D printing.

Research has shown that SpreuStroh can be used in the 3D printing process just as well as shred-
ded miscanthus or even shredded coffee husks. This makes it possible to produce special packaging 
that is completely biodegradable. For this purpose, it is necessary to use biodegradable plastics such 
as polylactic acid (PLA) or natural sugar as binders in 3D printing (Zeidler et al. 2018). Initial tests on 
3D-printed samples showed that the yield strength for SpreuStroh are in the same order of magnitude 
as miscanthus.

Figure 7: Injection-moulded tensile test rods made of chaff straw and PP with different fibre content (left); material 
properties from the tensile test (right)
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Conclusions
The special properties of SpreuStroh were analysed and a wide variety of applications in different 
stages of processing were demonstrated. The direct use of the chaff straw for the farmer's own needs 
as bedding or in the biogas plant is particularly desirable. However, the material SpreuStroh also has 
a number of advantages in higher-value applications. It was shown that SpreuStroh is suitable as a 
filler in plastic composites and that SpreuStroh also leads to good results in the field of 3D printing 
of natural fibres.

Next, individual application possibilities will be examined in more detail and, above all, more 
focus will be placed on the energy and economic aspects. The question arises whether the use of 
SpreuStroh for higher-value applications can be an alternative to wood fibres and other renewable raw 
materials such as miscanthus, flax or hemp.

References
Berger, N.; Marti, F.; Streit, B. (2010): Getreidespreu hat Potential. Schweizer Bauer vom 16.01.2010

Chandra, R.; Takeuchi, H.; Hasegawa, T.; Kumar, R. (2012): Improving biodegradability and biogas production of wheat 
straw substrates using sodium hydroxide and hydrothermal pretreatments. Energy 43(1), S. 273–282,  
https://doi.org/10.1016/j.energy.2012.04.029

Fick-Haas, V. (2015): Nicht nur Stroh aufwerten. Mobile Anlage: Landwirte lassen Pellets als Einstreu und zum Heizen 
pressen. Bayerisches Landwirtschaftliches Wochenblett 51, S. 52

Gelamin (2020): Rohfaser ist nicht gleich Rohfaser. Hg: Gesellschaft für Tierernährung mbH

Gerighausen, H.; Höner, G. (2008): Einstreuen: Stroh schneiden, häckseln oder mahlen? top agrar 8(1), S. 124–127

Griepentrog, H.-W.; Brandt, A. (1985): Mähdrusch und Unkraut. Bioland (5), S. 32-33

Häußermann, A.; Beck, J.; Jungbluth, T. (2002): Einstreumaterialien in der Pferdehaltung. Landtechnik 57(1), S. 50–51, 
https://doi.org/10.15150/lt.2002.1560

Kerkering, M. (2019): Technischer Aufschluss von Substraten. Vortrag, FH Münster, http://www.biores.info/uploads/
pdf/2011-09-23%20technischer%20Aufschluss%20von%20Stroh.pdf, accessed on 25 Jan 2023

Khalsa, J.; Matthes, M.; Hartmann, I. (2016): Stroh und Spreu – Herausforderungen beim Pelletieren und Verbrennen 
landwirtschaftlicher Reststoffe. InnoForum SpreuStroh, Leipzig, http://www.netzwerk-agrartechnik-sachsen.
com/wp-content/uploads/2016/02/dbfz-pelletierung-verbrennung.pdf, accessed on 25 Jan 2023

Mann, M.E.; Cohen, R.D.H.; Kernan, J.A.; Nicholson, H.H.; Christensen, D.A.; Smart, M.E. (1988): The feeding value of 
ammoniated flax straw, wheat straw and wheat chaff for beef cattle. Animal Feed Science and Technology 21(1), 
pp. 57–66, https://doi.org/10.1016/0377-8401(88)90019-3

Markmann, T. (2022): Der HPE - Holzpreisindex für Schnittholz und Holzwerkstoffe für Holzpackmittel und Paletten. 
Hg: Bundesverband Holzpackmittel, Paletten, Exportverpackung e.V. 

Marti, F.; Streit, B.; Berger, N.; Froidevaux, N.; Muhr, M.; Thüer, F.; Güller, W. (2013): Sammlung von Spreu 
und Kurzstroh. Ergebnisse und Erfahrungen aus 3 Jahren Projektarbeit an der HAFEL, Vortrag, Tänikoner 
Agratechniktage 20.06.2013

Pastusiak, R. (2003): Charakterisierung von Zellstoffkomponenten. Analytik, Spektroskopie, Reaktionskinetik und 
Modellierung. Dissertation, Technische Universität München

Reuters, A. (2013): Vergleich bekannter Methoden für den Aufschluss von Stroh zum Einsatz in Biogasanlagen. 
Bachelorarbeit, Hochschule Neubrandenburg, https://digibib.hs-nb.de/file/dbhsnb_derivate_0000001435/
bachelorarbeit-reuters-2013.pdf, accessed on 25 Jan 2023

Rudolph, W. (2020): Dreschen ohne Reinigung. traction 7(1), S. 64–69

Rumpler, Johann (2015): EP2547194A2. Rumpler, J.



LANDTECHNIK 78(1) 35

Rumpler, J. (2016): Stand der Technik und Technologie zur Bereitstellung der Ernteprodukte Spreu, Stroh und 
SpreuStroh zur Nutzung als landwirtschaftliche Reststoff-Biomasse. Landesanstalt für Landwirtschaft und 
Gartenbau Sachsen-Anhalt

Schoebel (2010): Anlagen zum Pelletieren von Stroh und anderen Rohfaserprodukten. KAHL Pelletieranlagen, 
https://www.schulefood.com/fileadmin/media/akahl/bilder/anlagen/Biomasseverarbeitungsanlagen/
Strohpelletieranlage/PDF/Informationen_zu_KAHL_Strohpelletieranlagen.pdf, accessed on 25 Jan 2023

Schubert, H. (2003): Handbuch der Mechanischen Verfahrenstechnik, Band 1 und 2. Weinheim, Wiley-VCH Verlag 
GmbH & Co. KGaA

Shirtliffe, S.J.; Entz, M.H. (2005): Chaff collection reduces seed dispersal of wild oat (Avena fatua) by a combine 
harvester. Weed Science 53(4), pp. 465–470, https://doi.org/10.1614/WS-03-109R2

Zeidler, H.; Klemm, D.; Böttger-Hiller, F.; Fritsch, S.; Le Guen, M.J.; Singamneni, S. (2018): 3D printing of biodegradable 
parts using renewable biobased materials. Procedia Manufacturing 21, pp. 117–124, https://doi.org/10.1016/j.
promfg.2018.02.101

Authors
Dr.-Ing. Maria Schäfer is a research assistant at ZIRKON, Hochschule Zittau/Görlitz, Theodor-Körner-Allee 16, 02763 
Zittau. E-Mail: maria.schaefer@hszg.de
Dipl.-Ing. Steffen Exler is Senior InnoExpert at kluge GmbH, Am Wasserwerk 8-10, 02699 Königswartha
Prof. Dr.-Ing. Martin Sturm is director of ZIRKON at Hochschule Zittau/Görlitz, Theodor-Körner-Allee 16, 02763 Zittau

Acknowledgment
The authors would like to thank the “European Regional Development Fund (ERDF)” for the financial support within the 
framework of the project " Technische und technologische Entwicklung der innovativen Wertschöpfungskette SpreuStroh".


