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Abstract 
The wood fuel pellet industry demands energy efficient solutions for their 
production since these not only save energy but also money. One way of achieving 
this is to use additives. Choosing the right additive can save money but also 
increase the quality of the pellets, a win win situation. In this work, it is investigated 
how different kind of additives affect the energy use of the pelletizing equipment 
and also how it affects the durability of pellets. The best results were achieved 
using oxidized cornstarch as an additive during pellet production, it not only 
decreases the energy used the most but also produce the pellets with highest 
durability. 

1. Introduction 
The production and use of wood-fuel pellets, preferably made from sawdust or shavings, 
have increased significantly worldwide in recent years. The increased use of biomaterials 
has resulted in raw material competition and higher raw material prices. The cost of raw 
material together with the energy demanding process of drying the bio fuels represents the 
main cost factor in pellet production. The current pelletizing technology also demands 
energy and it is therefore of uttermost importance to decrease the energy used and the 
cost throughout the wood fuel pellet chain. Additionally, there are increased demands on 
pellet quality due to increased trade and use of pellets by small-scale customers. 
Therefore, decreasing the energy used in pelletizing should be done without affecting the 
quality of pellets negatively. 

One solution is to use additives, which in turn can be used for different purposes. Partly, 
they are used to facilitate the use of new raw materials to increase the raw material base, 
and partly, they are used to decrease the energy use in the pelletizing process. They are 
also used to increase quality parameters such as pellets durability. Consequently, it is 
necessary to do research that systematically investigates the consequences of using 
additives. However, the cost of the additive used has to be accounted for, especially since 
the raw material cost already is a main cost factor in pellet production. In this work, it is 
investigated how different kind of additives affect the energy use of the pelletizing 
equipment and also how it affects the durability of pellets. 

2. Method 
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2.1. Sawdust 
The raw material used for the production of pellets was fresh sawdust of Norway spruce 
(Picea abies) produced at a local sawmill that uses frame saws (for the rapeseed tests the 
raw material was Scots Pine (Pinus Sylvestris)). The wet sawdust was dried until it 
reached about 11% wet base (wb). 

2.2. Additives 
The first additive tested were rapeseed cake (pulverous) with moisture content of 6.6–
7.3% (wb). The rapeseed cake came from the production of Ecoil that is chemically 
unmodified oil refined from cold-pressed rape oil and the level of rape oil in the rapeseed 
cake was 18% (wb). The second additive consists of four different starch grades: native 
wheat and potato starch, oxidised corn starch and oxidised potato starch. Solam GmbH 
supplied the starches. Native starches from potato and a cereal, like wheat or corn, were 
compared with oxidised starches, which have other sizes and shapes than does native 
starches. The third additive tested consisted of kraft lignin from the LignoBoost process 
(Metso). This way of extracting lignin by pulping black liquor, producing a material with 
high energy density and low ash content, has been developed by Innventia AB and 
Chalmers University of Technology in Sweden. The pellet additives used for this work are 
both dried lignin, < 10% moisture (wb), and lignin as it is received directly from the 
LignoBoost process, 30–40% moisture (wb). 

2.3. Production Equipment 

The pellets were produced in a production unit located at the Department of Energy, 
Environmental and Building Technology at Karlstad University, Sweden (see Figure 1). 

Figure 1. The pellet production unit consists of: (1) a diagonal mixer, (2) a conveyor screw, 
(3) an inlet feeder where conditioning takes place (if needed), (4) an Amandus Kahl C33–
390 pelletizing press with a flat die and a maximum output of 300 kg/h (a description of the 
machine can be downloaded from www.akahl.de/akahl/en/products/biomass_pelleting/), 
and (5) a volumetric feeder for additives and a cooling tower.[1] 

2.4. Production Process 
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The pellet machine was run until stationary conditions were obtained. Before every new 
test, there was a break-in period of 5 minutes with the current additive to ensure stationary 
conditions. Every test run lasted for 5 minutes. The feed control for the dried sawdust was 
set at a fixed rpm, e.g., (4.0 Hz) corresponding to approximately 85 kg of sawdust/h (the 
rapeseed tests were done with various rpm)[2]. The additive flow was subsequently 
increased based on weight of pressing mass dry bases. 

2.5. Measurements 
During the tests, die temperature, screw frequency, electricity of the pelletizing machine, 
and pressure from the rollers on the die ("die pressure") were measured every 10 second. 
The die temperature was measured using Pt-100; the error in the measurements is ±0.5 
°C. The current load was measured with an accuracy of ±1% (From the measured load 
current, the specific energy use were calculated according to the method described in a 
previously published study conducted at Karlstad University[1]). The pressure from the 
rollers was measured with an accuracy of ±1.25 Bar. The die temperature and the 
pressure from the rollers indicate stationary and stable conditions.  

The produced pellets were cooled down to ambient room temperature and sieved, before 
being analyzed. The analysis was performed by testing and comparing the produced 
pellets with the quality parameter settings in the Swedish Standard, complemented with 
additional tests. The tested parameters were (1) moisture content (%, wb) for sawdust, 
additives and pellets determined according to SS 187170, (2) mechanical durability 
determined according to SS 187180 measured as the percentage of fine particles < 3 mm 
(amount of fines).[1] 

3. Results 
The results show that the energy consumption decreased using rapeseed cake (see 
Figure 2) [2] and all of the starch grades (see Figure 3) [1] but was unaffected by the 
increased use of Kraft lignin (see Figure 4). The oxidized cornstarch showed the best 
result; when 2.8% of cornstarch was added, the average energy consumption was 
reduced by 14%. 
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Figure 2. Specific energy use of the pelletising machine versus the amount of rapeseed 
cake in the pellets. 
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Figure 3. Specific energy use of the pelletising machine versus the amount of kraft lignin in 
the pellets. 
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Figure 4. Energy reduction in the pellet production versus the amount of starches in the 
pellets. 

Regarding durability, the amount of fines increased with increasing rapeseed cake in the 
wood fuel pellets, contrary to what was intended. Pellets produced using 1–4% of Kraft 
lignin show that an increased amount of Kraft lignin in the pellets increased their 
mechanical durability (see Figure 6). The results also show that dry lignin yields pellets 
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with higher durability as compared to wet lignin. Using various percentages (0.7−3.1% on 
dry solids (% ds).) of different kinds of starch shows that starch increases the durability of 
the pellets significantly, already at 0.7% starch (see Figure 7). Oxidized starches increase 
the durability more than native starches, and the best results were obtained by adding 
oxidized cornstarch. 
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Figure 6. Durability of pellets versus the amount of kraft lignin in the pellets. 
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Figure 7. Durability of pellets versus the amount of starch in the pellets. 

4. Summary 
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Energy efficient solutions reduce the production costs, therefore it is important to 
investigate how the energy use changes when an increased amount of additive is used in 
the process. In the work presented here, it was found that the energy consumption of the 
pelletising machine decreased with an increasing amount of rapeseed cake being mixed in 
with the sawdust pellets. There is also a noticeably reduction in average energy 
consumption when starch is added for a given press length. The results also show that the 
uncut pellet length increases when starch is added. This means that the press length can 
be shorter, which in turn will lead to even more reductions in average energy consumption 
or, even better, to increased production. Regarding using kraft lignin the specific energy 
use was unaffected by the increased amount of kraft lignin used, but the specific energy 
use seems to decrease with higher amounts of moisture in the Kraft lignin. 

It is clear that the addition of starch and kraft lignin before pelletising Norway spruce 
(Picea Abies) increases the cohesiveness of the pellets, which is confirmed by the longer 
uncut pellets and their increased durability. The durability increase with increased 
amounts of starch and kraft lignin (for the percentages tested). The improvements in pellet 
length and durability are greater when adding oxidised starch as compared to native 
starch, independently of die pressure. To some extent the water also work as a binder and 
strengthen the durability even more, since the moisture content increases with increased 
amounts of, e.g., starch. Further studies made in a full-scale pellet plant are 
recommended to find the economically optimal amount of added additive. 

Presently, the household users represent 50% of the wood fuel pellet market in Sweden. 
Accordingly, their demands of a high-grade fuel are even more important than earlier to 
the pellet industry. Moreover, the households demand quality since, e.g., they have 
relatively simple conversion installations, most often without advanced controls or 
professional management. This means that the household users cannot be as tolerant of 
differences in pellet quality as large-scale users. Producing pellets with uniform quality 
should be of uttermost importance. 

A conclusion in this work is that using oxidized cornstarch as an additive during pellet 
production not only decreases the energy used the most but also produces the pellets with 
highest durability. To further improve the quality of the pellets and to reduce the energy 
used during production calls for further research. Karlstad university have the equipment 
and knowledge for such research and will continue to work with new sets of additives to 
find, an additive that: increase the quality such as durability, decrease the energy use, is 
cost effective and sustainable.  
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