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Abstract 

The growing global demand for energy, as well as the global demand for a higher share of the use of renewable energy 
sources, is leading to intensive development of the production of solid biofuels in the form of pellets. Biomass pelleting 
technology is successfully used to produce solid high-grade biofuel in the form of pellets. This biofuel is currently an 
important trade item in the energy markets. The development of pelleting technology also brings higher demands on 
pelleting machines and tools. Pressing tools are the powerful core of the entire technological line for the production of 
solid biofuels. The paper deals with biomass pelleting technology and describes the requirements and limits of this 
technology. It focuses in great detail on the pressing tools of pelleting machines. The work examines in detail the design 
of pressing dies and pressing rolls. The above knowledge are based on the personal experience of the authors as 
designers of pelleting machines and tools. The published information is of great practical importance for the 
development of pelleting technology and for moving forward in the design of pressing tools  
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1. Introduction

Global production of wood pellets increased from 5 million tonnes in 2005 to 32 million tonnes by 2017 [1,2]. Global 
wood pellet production reached 36 million tonnes in 2018, and almost 40 million tonnes in 2019. [3] Figure 1 shows an 
evolution of global wood pellet production. Expected production will reach more than 60 million tonnes by 2025 [4]. In 
line with the forecast, the European Union has set target to obtain that 27% of the total energy consumption in 2030 is 
produced from renewable energy sources [5], and to attain this target, biomass plays an important role [6].  

Production technology must ensure high and consistent quality of wood pellets. The quality of pellets is defined by a 
number of specific parameters, which are defined by a set of international standards [7]. In pellets production, the 
configuration and operation of pellet mills highly affect the process efficiency and pellet properties [8,9,10]. The 
feedstock and process characteristics demand the pellet mills to be tuned for each production, with respect to die design 
and operational settings [11]. For efficient production of pellets from different types of raw materials, the right choice 
of used pressing tools is necessary. The design of pressing tools and their partial construction parameters fundamentally 
affect the final quality of production and the economy of the whole process. 

Pressing tools are the powerful core of the entire technological line for the production of solid biofuels. Not only the 
functionality of the compaction machines, but above all the quality of production and the economy of the whole 
technology depend on their design, material, geometry, surface treatment or chemical-thermal treatment, accuracy and 
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precision of assembly, and last but not least also wear resistance. One incorrectly selected parameter of pressing tools 
can be the cause of poor quality production, but also an irreversible accident of the whole pelleting machine. It is 
therefore necessary to approach the design of pressing tools and their individual parameters with maximum 
responsibility. The prerequisite must be knowledge of the entire biomass pressing process and the influence of each 
parameter of the pressing tools. 

 

Figure 1 Evolution of global pellet production (million tonnes) [4] 

As already mentioned, pelleting pressing tools are exposed to similar operating conditions: high compacting pressure, 
relatively high temperature, high degree of abrasion by the pressed material, direct influence of humidity and greater 
or lesser impact of shocks (depending on the working principle of the pelleting machine). Therefore, it is necessary to 
take into account all process parameters as well as geometric requirements in their design. There is a lot of research 
works that deals with the study of individual design parameters of tools and parameters of the biomass pressing process 
and their impact on the final quality of production, energy consumption as well as the level of wear of the tools 
themselves. Papers [12,13,14,15] deal with the influence of design parameters of pressing tools on the pressing process. 
The research presented in the studies [9,16,17] is focused on the influence of technological parameters of biomass 
pelleting on the final quality of pellets. The research results of the influence of pellet die design on its wear and energy 
consumption are presented in [18,19]. 

2. Biomass pelleting technology 

Biomass pelleting technology is a progressive way of compacting crushed and dried material by extrusion through a 
pressing die. In this technology, the feedstock with suitable fraction size and moisture content is forced through holes 
in the die by pressing tool. At very high pressure and associated temperature, the lignin component of the biomass 
plasticizes and takes over the function of a binder. The pellets are very hot and plastic after passing and cutting from 
the pressing tool. They gain hardness and mechanical resistance only after cooling. The raw material is compressed 
with or without the addition of an additive as a binder (depending on the type of material being pressed). The pelleting 
technology is characterized by the fact that at one point in time several compacts (pellets) are formed, which have a 
cylindrical shape (Fig. 2).  

Each time a press channel passes a roller, feedstock is compressed and pressed into the channel. As material is pressed 
into the channels, cylinders of compressed material are extruded from the outside of the die, where blades break them 
into pellets. Frictional heating in the die causes the pellet temperature to reach 90–105°C [20,21,22]. The heating causes 
moisture to flash off from the pellets, and thereby drying the pellet. The final moisture content of wood pellets is in the 
range of 7–10% on wet basis (w.b) [23]. In order to meet the standard requirements for wood pellets, the moisture 
content of the final pellets must be below 10% (w.b). [24] 

The technology is suitable for processing various types of waste, such as wood sawdust, straw, bark, feed mixtures, but 
also coal dust, mineral waste, fertilizers, stabilizers, or PVC waste. The technology is suitable for applications in the 
pharmaceutical industry and is also used in the chemical industry. The work will continue to focus on pelleting biomass. 
This technology is very demanding for the treatment of the input raw material before compaction. It requires 
dimensional adjustment of the raw material to a fine fraction, such as adjustment of the moisture content to a value in 
the range of a very narrow interval. The high surface to volume ratio of the pellets results in high wear of the functional 
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parts of the pelleting machines per unit of production. Compared to briquetting technology, investment and energy 
consumption of pelleting is much higher. Pellets as a form of solid biofuel have one major advantage over briquettes, 
which outweighs all the weaknesses of this technology. This advantage and basically the only reason for the production 
of solid biofuels in the form of pellets is their suitability for automated combustion systems in small combustion 
equipment. Pellets have some properties of loose materials (Fig. 3), they can be transported pneumatically, and due to 
their size and shape they can be transported by screw conveyors, which predestines them for use in small combustion 
plants. For this purpose, they are produced from pure sawdust and shavings without the addition of any other binders 
(with the exception of additives of organic origin permitted by the standard up to 2% by weight). They burn with a 
steady and smooth flame due to their homogeneity and high energy density. 

 

Figure 2 Pellets as pressings formed in one moment 

 

 

Figure 3 Pellets from different types of wood 

3. Pressing tools for pelleting machines  

Although the development of science and technology in the world still brings new principles of compaction machines, 
biomass pelleting for the production of solid biofuels is basically the same principle, by extruding a suitably treated raw 
material (Fig. 4) under suitable technological conditions. At present, a pair of tools are used for pelleting technology in 
almost every case, namely cylindrical or conical rolls, which press and extrude the raw material through the holes of 
flat resp. ring die by their rolling. The compacting pressure on the raw material exerted by the pressing rolls is directly 
proportional to the resistance to overpressure of the raw material in the individual pressing chambers of the die. The 
size of the resistance called the back pressure is given by the geometry of these chambers. The pellets are formed by the 
action of the pressing roll pressure and the back pressure in the die chambers. The pellets are broken off to the required 
length after pressing. In order for the pressing pressure in the chambers to be constant, it must be ensured that the raw 
material is filled evenly over the entire surface of the die. 
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a) the passage of material through the individual 
areas [10] 

b) detail of a single channel of die 

Figure 4 Biomass pelleting principle 

3.1. Design of pelleting dies 

In practice, there are many manufacturers and types of pelleting machines. However, pelleting machines for the 
production of solid biofuels, especially medium and higher outputs (from about 200 kg/h.) use only dies of flat and ring 
design. 

Flat dies (Fig. 5) are characterized by a simpler design. It is a disc with drilled holes of precisely specified geometry. 
They are produced in smaller dimensions than ring dies, they have a lower weight, which is an advantage especially 
during exchange and handling. They are easy to maintain and clean. Their biggest advantage compared to ring dies is 
their much lower production costs. 

 

Figure 5 Design of flat pelleting die 

Ring dies (Fig. 6) are characterized by a much more complex construction, larger dimensions and weight, which also 
results in high production costs. Nevertheless, they are much more represented in practice due to their high hourly 
outputs with lower energy consumption compared to flat dies, they have high strength, less wear and longer service life 
due to the principle of tool kinematics. In order to better understand the differences between these types of dies, it is 
necessary to explain in detail the working principle and kinematics of individual structures. 
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Figure 6 Design of ring pelleting die 

Flat die pellet presses are characterized by a compact design with a vertical main axis of rotation, high variability, but 
lower hourly production output and lower efficiency. Their principle (shown in Fig. 7) is based on the relative movement 
of the die and the pressing rolls. Depending on the manufacturer, power and type of press, the drive is solved by means 
of a belt transmission or by means of a helical gearbox, or for higher outputs also by using two helical gearboxes at the 
same time. Depending on the manufacturer, either the die or the central shaft with the rolls is driven. Their number 
varies from 2 to 5 depending on the power of the press. With the correct assembly and definition of the mutual position 
of the tools (dies and rollers), there is no mutual contact during the operation of the machine due to the reduction of the 
wear rate. [25] The gap between the tools is usually set to a minimum value so that a continuous pressed layer is not 
formed during pressing. Rolling of the rolls occurs only due to the friction caused by filling the pressed raw material 
into the pressing space between the tools from the top. At the same time, the raw material is pressed and pressed into 
the pressing chambers of the die. The selected geometry of these chambers is responsible for the amount of resistance 
to extrusion of the raw material, which increases the compacting pressure and at the same time the density and strength 
of the pellets. The length of the pellets after extrusion is defined by the adjustable position of the breaking knives. 

 

Figure 7 Operating principle of flat die pelleting machines [26] 

The adjustable gap between the pressing tools - the die and the rolls - is usually set to a minimum value so that a 
continuous pressed layer is not formed during pressing, but to avoid excessive wear of the tools in contact with each 
other. However, the size of this gap is an important parameter of pelleting technology. In the case of a minimal (almost 
zero) gap (Fig. 8), the raw material in the form of a uniformly thick layer is pressed on the die by the action of a roll and 
subsequently pressed into the pressing chambers in the die. If the gap between the tools is larger (Fig. 9), the particles 
of the pressed raw material pass several times under the rolls before they are pressed into the pressing chambers. 
During this time, they go through several processes of kneading, cutting, pressing, mixing, which leads to intensive pre-
compaction of the raw material. The larger fraction is reduced and the natural binders contained in the raw material 
are activated here, which results in a higher quality of pellets (higher mechanical resistance and hardness), but also a 
significant increase in energy consumption per unit of production (Fig. 10). 
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Figure 8 No roll gap between pressing tools [27] Figure 9 Some roll gap between pressing tools [27] 
 

 

Figure 10 Effect of roll gap adjustment when pelleting feed; pellet diameter 6 mm, effective die thickness 80 mm [27] 

 

Figure 11 Operating principle of pelleting machines with ring die [26] 

The principle of operation of pellet presses with a ring die (Fig. 11) consists in the forced rotation of the die with a 
horizontal axis. This is driven mostly by a belt drive and, depending on the power of the press, by one or two electric 
motors. Two to three pressing rolls are rotatably mounted on a fixed stirrup inside the die. There is no mutual rolling 
between the rolls and the die without pressed material. The gap between them is adjusted by eccentric mounting of the 
roll axis on the stirrup so, that at one revolution of the die there is a maximum of one light contact of each roll with the 
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die. This single point contact is always present due to manufacturing deviations of the die from roundness, cylindricality, 
radial runout, or inaccuracy from the bearing. The filling of the raw material into the pressing space is more complicated 
due to the horizontal axis of rotation of the die. The raw material must be distributed evenly under all rolls in order to 
eliminate the radial load of the embedded roll support bracket. The raw material enters the pressing space and is carried 
by the centrifugal force in an even layer over the inner surface of the die. At the entrance between the roll and the die, 
this raw material is pressed and extruded through the pressing chambers in the die to its outer surface in the form of 
pellets. Subsequently, the pellets of the required length are broken off with knives. 

3.2. Design of pressing rolls 

The design of the pressing rolls varies depending on the manufacturer, the design of the machine, the power of the 
machine, or the type of pressed raw material. In general, these are rollers rotating freely at the end of an embossed 
support shaft. It should be emphasized that a minimum gap is set between the rolls and the die to prevent metal contact. 
The rotation of the rolls occurs only under the effect of friction due to the filling of the pressed material between the die 
and the rolls. The rotation of the cylinder on the shaft at high radial loads is ensured by a pair of tapered or barrel 
bearings. Due to the high bearing load and long operation during tool life, lubrication is ensured by either grease or 
forced oil lubrication, which also ensures the cooling function. The bearing space must be perfectly sealed due to the 
dustiness of the working environment. 

Flat die pelleting presses usually have from 2 to 5 rolls evenly distributed on the die surface (Fig. 12). Their number 
depends on the die area and the power of the press. Their construction is simpler, as the bearings are mounted directly 
on the free end of the support shaft. An example of mounting and construction is shown in Fig. 13. A perfect seal of the 
bearing space against dust must be essential. The shape of these rolls is either cylindrical or conical. 

   

Figure 12 Pressing rolls arrangement of flat die pelleting machine 
 

In the case of cylindrical rolls, there is a higher and uneven wear of the surface due to the uneven circumferential speeds 
of the die and the roll changing in the radius of the die. This does not cause the pressing roll to roll on the die, but to slip, 
which leads to considerable wear when the tools are loaded with a high force.  

A suitably selected apex angle of the conical rolls (Fig. 14) with respect to the diameters of the working area of the flat 
die ensures a perfect rolling of the roll along the die. Elimination of slippage significantly reduces the wear of the rolls 
and dies. Despite this fact, cylindrical rolls are mostly used for most pelleted materials, precisely because of the required 
slippage. Conical rolls do not slip, which can cause (and most types of difficult-to-pellet raw materials also cause) a 
continuous pressed layer of raw material to form on the die and stop the extrusion process. Slipping of the cylindrical 
rolls on the die causes entrainment and disruption of any compressed layer of raw material that may have formed. This 
provides greater protection against clogging of the pressing chambers and stopping the pelleting process. 

In the case of pelleting machines with ring die, the number of pressing rolls is usually two to three (Fig. 15). Three rollers 
are usually used for high-performance presses and large die diameters. The design of the bearing is more complicated. 
An eccentric is mounted at the free end of the support shaft to define the exact relative position of the roll and die. At 
the eccentric, there are a pair of bearings inserted into the working shell of a hollow cylinder. An example of a design 
solution for mounting a pressing roll of a pelleting machine with a ring die is shown in Figure 16, a view of the actual 
embodiment in Figure 17. 

The work surface of the rolls that comes into contact with the pressed raw material must have a specific "tread" 
geometry in order to effectively pull the raw material under the roll and press it and extrude it through the die. There 
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are many patterns and configurations of the outer shell of the rolls (Fig. 18), their use differs from the type of pelleted 
material and the manufacturer. The tread pattern can be wavy with open or closed end grooves, wavy spiral, hole, 
protrusion, combined, etc. 

 

Figure 13 Bearing design solution of the roll of flat die pelleting press [25] 

 

 

Figure 14 Construction of a conical pressing rolls of a flat die pelleting press 

 

  

Figure 15 Pressing rolls arrangement of ring die pelleting press 
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Figure 16 Bearing design solution of the roll of ring die pelleting press 

 

 

Figure 17 Construction of pressing rolls of the ring die pelleting press 

 

 

Figure 18 Used surface patterns of the outer shell of the rolls  
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4. Conclusion 

The aim of the paper is to point out the results of research of compaction of biomass into the form of solid biofuels 
through pelleting technology and their evaluation in the design of pressing tools for pelletizing machines. The study 
examines in detail the design of pressing dies and pressing rolls. The above knowledge is based on the personal 
experience of the authors as designers of pelleting machines and tools. The published information is of great practical 
importance for the development of pelleting technology and for moving forward in the design of pressing tools.  
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