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Abstract 
Wood pellet production is increasing worldwide, e.g., since the UK has switched their 
electricity production from coal to pellets. Pellet manufacturing is a low-margin business and 
this means it is important to decrease the energy needs for production and at the same time to 
increase the raw material base without jeopardising the pellet quality. One way to increase the 
quality is by adding an additive, usually a starch additive. It has been shown that starch 
decreases the energy consumption in the press, but could energy be reduced further by making 
the process even more efficient? The purpose of this study is to see if conditioning can be 
reduced if pea starch is added in full-scale pellet production and to examine if a decrease in 
press electricity consumption is possible. The aim is to study how the pellet durability, the 
amount of fines, the bulk density and the hardness are affected by these changes. The results 
indicate that the durability increases with increased starch addition regardless of decreasing 
steam conditioning. Further, that the amount of fines decreases with increased starch addition 
and high steam conditioning temperature. No significant results regarding press electricity use 
could be seen due to large variations in the measurements. Regardless of that, the 
recommendations are that the amount of starch should be around 0.6wt% and the conditioning 
temperatures can be decreased to 65°C when using the pea starch additive. 

Introduction 
The use of biomass, for energy production and other utilisation, is increasing worldwide, which 
may lead to the increased utilisation of new/different kinds of biomaterials. Processing the 
biomass into pellets is a common alternative since pellets is a suitable form to transport the 
wood fuel long distances. The use of pellets has increased globally in recent years primarily to 
replace coal with renewable energy, for example in the United Kingdom [1]. The manufacturing 
and handling of wood fuel pellets still involve some difficulties correlated to dust formation, 
self-ignition, and particle characteristics [2]. These difficulties could be addressed using 
different types of additive that can increase the overall quality of the pellets. However, since 
the production of wood fuel pellets is a low-margin business it is important that the utilisation 
of an additive not only increases the durability and other quality parameters but also leads to a 
more efficient production system in terms of reduced waste and fines and a more energy-
efficient production process. Thus, if quality is to be increased by the use of an additive, it 
should also include increased process efficiency. 

The production of wood fuel pellets normally includes several pre-treatment steps such as 
drying, grinding, conditioning, the actual pelletising step, and after-treatment steps such as 
cooling and storage. All included steps affect the quality of the pellets. The quality is 
determined by standard parameters, e.g., moisture content (MC), calorific value, ash content, 
ash melting point, density, mechanical durability, and the number of fines. If an additive is to 
be used, it is possible to add up to a maximum of 2wt% of the total mass of the wood pellets 
[3]. 
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Using an additive in wood pellet production is quite common worldwide, and several different 
additives have been tested in order to investigate how they affect different pellet parameters 
(durability, bulk density, hardness and moisture content), and how they affect power 
consumption for the pelletising process [4-8]. A less common question is: how could the 
process be improved by inclusion of the additive? Samuelsson, R., et al (2014) have tested two 
starch products and two lingosulphate products in full-scale pine pellet production and found 
that the additives mostly affect the durability and the number of fines and that the moisture 
content is the most important parameter correlated to bulk density and the pellet press power 
supply. Even if moisture was found to be the most important parameter correlated to power 
consumption, they saw that one of the starches decreased the power while the other did not 
affect the power at all [9]. Ståhl, M., et al. (2013) tested native potato and wheat starch, and 
oxidized corn and potato starch, in a small industrial scale press, and concluded that all starch 
grades increased the durability even if oxidised starch increased the durability more than native 
starch, and that the electricity consumption decreased for all the starch grades tested [8]. 
However, Tarasov et al. (2013) concluded in his review that too much starch will make the 
product extremely dry [4], and if so, it is important for both energy and quality that the amount 
of MC as well as the amount of additive are optimal.  

According to Wilson [10] it is necessary to add water for the development of intermolecular 
forces, and normally adding water raises the MC by about 2wt% [11]. However, finding the 
optimum MC is important [10], too low a level can result in excessive temperatures in the die, 
which can cause the rapid thermal decomposition of the pellet surface and cause production 
problems [12]. If the MC is too high, it also negatively affects the quality [13-19]. Some 
explanations for this are that the incompressibility of water affects the agglomeration of the 
particles [20], that excessive internal pressure from steam is generated inside the pellets [12, 
16], or that water is absorbed in the hydrogen bonds, which leads to occupied locations of 
particle-particle binding, and therefore reduces the hydrogen bonding [12, 17, 21, 22]. In 
general, an optimal MC is 6-12wt% [16, 23-25], where pine is on the lower end, 6-8wt% [17], 
spruce somewhat higher, 10wt% [26], and beech 6-12wt% [13]. Additionally, it has been found 
that the densification process can be more energy efficient if starch is added [28], meaning that 
finding an optimum level correlated to amount of starch and amount of added water could give 
a more energy efficient pellet process than currently exists.  

In this study, the effects of adding different amounts of secondary pea starch in a full-scale 
wood fuel pellet production are investigated. The purpose of this study is to see if conditioning 
can be reduced, i.e., using decreasing steam temperature, if pea starch is added in full-scale 
pellet production and to examine if a decrease in press electricity consumption is possible. The 
aim is to study how the pellet durability, the amount of fines, the bulk density, and the hardness 
are affected by that. Further, to clarify the potential of decreasing energy correlated to steam 
generation with maintained or increased pellet durability, bulk density, and hardness. The aim 
is also to find an optimum level for added pea starch correlated to pellet quality and energy, 
and to discuss the transition from an additive-free to additive use pellet production. 
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Method 
 
Raw material  
The raw material used was fresh sawdust, 90% Norway spruce (Picea abies) and 10% Scots 
Pine (Pinus sylvestris), produced at the sawmill connected to the pellet mill. The raw material 
was air-dried on a belt dryer at 75°C until it reach around 11wt% MC, the drying process is 
described in Frodeson, S., et al [29].  After intermediate storage it was ground in a hammer mill 
with a 5-mm sieve, before entering the conditioner and pellet press. 
 
Starch 
Secondary pea starch delivered from Lyckeby was used as an additive. 
 
The Pellet Mill  
The Pellet Mill (TPM) Gruvön, is located in Grums, Sweden, and has a pellet capacity of about 
100,000 metric tonnes per year. The production 
facility consists of four Andritz pellet press units. 
For this study, press number three was 
supplemented with a volumetric feeder for the 
additive and therefore was used as the test unit 
while press unit number two was acting as the 
reference unit, for power supply comparisons.  
 
Press unit number three (see Fig. 1) consists of: 
(1) an intermediate storage, (2) a conveyor screw, 
(3) an Andritz mixing conditioner (4) an Andritz 
pelletising press with a roller die and a maximum 
output of 2750 kg/h. The roller die has two narrow 
perforated rollers with die hole diameter of 8 mm, 
the press length 63 mm. The press ratio (L/D) was 
7.8, and inlet steam, (5) for conditioning.  
 
The additive was supplied at the inlet of the 
mixing conditioner through a volumetric feeder 
(6). As the volumetric feeder output depends on 
the speed of the screw and the density of the 
additive, it was calibrated accordingly. The steam level was controlled by the steam inlet 
temperature (T1). 
 
The cooling tower (see Fig. 2) used in this study consists of three 60-
litre plastic crates fitted with a perforated sheet 5cm above the bottom 
of the crates, to allow ambient air to be sucked through the pellet bed 
and out of the space at the bottom, and thereby cooling the pellets. For 
this study the cooling tower was placed outside, at an ambient 
temperature of -3°C. All test samples of warm produced pellet were 
directly collected in one of the plastic crates and immediately after the 
test run, cooled down to outdoor temperature. 
 
  

Fig. 1. Pellet press unit number three from small short time 
storage to Andritz pellet press with roller die, including the 
volumetric feeder for additive. 
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Tests 
The pellet machines ran in full production, resulting in continuous 
operation. Five different levels of added steam were tested, and for each 
test the inlet temperature (T1) was changed to a set level, thereby controlling the amount of 
steam by adjusting the steam valve opening, see Figure 1. The inlet temperatures were varied 
in steps of 5°, from 75° to 55°C. The additive flow was subsequently increased through the 
volumetric feeder, going from 0.0, 0.4, 0.6, 0.8, 1.0, to 1.2% (wt db). The total amount of tests 
was 30. Before each new temperature level, there was a break-in period of 30min to ensure 
stationary conditions, and before every new additive test there was a break-in period of 9min 
to ensure stationary mixing. A sample of about 50 litres of warm pellets was taken directly after 
the press and each sampling lasted for around 15s.  
 
Measurements 
The produced pellets were cooled down to outdoor temperature in under 30 minutes and then 
stored for 24 hours at indoor temperature before sieving and analysis. The analysis was 
conducted by testing and comparing the produced pellets with quality parameter settings in the 
ISO Standards. The tested parameters were: moisture content for sawdust, starch, and pellets 
determined according to SS-EN 14774-1 [30], bulk density (kg/m-3) determined by measuring 
the weight of a 5 litre bucket filled with cooled pellets according to SS-EN 15103:2010 [31], 
mechanical durability determined according to SS-EN 15210 [32] and presented as the 
percentage of pellets, and finally pellet hardness using KAHL engine-driven hardness tester 
K3175-0011, of ten randomly picked pellets, and the result is presented as average pellet Kahl 
Hardness (KH). 
 
The current power consumption of the pelletising machine for the pellet press were logged 
every 10s. From the measured load current, the average power consumption and average energy 
consumption were calculated according to the method described in a previously published study 
conducted at Karlstad University [8].  
  

Fig. 2. Cooling tower used 
under study 
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Results and discussion 
 
Energy 
The current consumption in the pellet press decreases slightly or not at all with increased 
amount of starch, see Figure 3. There is also a small reduction in energy use with reduced 
conditioning temperature. 
 

 
Fig. 3. Current consumption in the pellet press for different amounts of starch and conditioning 
temperatures in the mixer. 
 
Pellet durability, hardness, and bulk density 
The pellets with highest durability were created at 75° and 70°C and with an amount of starch 
of 1.2%. Compared to the reference test, 75°C and without starch, it can be seen in Figure 4 
that only the test with 60°C and 55°C and amount of 0.4% of starch showed lower durability. 

  
Fig. 4. Durability of pellets at different amounts of starch and conditioning temperatures in the 
mixer. 
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Durability increases with increased amount of starch for all conditioning temperatures. The 
increased amount of starch equalises the differences in durability between the conditioning 
temperatures. This indicates that with an increased amount of starch you can reduce the 
temperature in the conditioner and thereby reduce the energy use for the conditioning. The high 
durability for pellets produced with 0.6% of starch and at conditioning temperature 65°C show 
that a decrease in conditioning temperature of 10°C, compared to the reference test, 75°C and 
without starch, is possible. 
 
The hardest pellets were created at 75°C and with an amount of starch over 0.8%, compared 
with normal pellets from the factory, and this is an increase in hardness of 25%. The increase 
in hardness with increased amount of starch fits well with the results of the durability tests. 

 
Fig. 5. Hardness of pellets at different amounts of starch and conditioning temperatures in the 
mixer. 
 
The pellets with highest bulk density were produced at 65° without any addition of starch, see 
Figure 5. Bulk density decreases with increasing addition of starch. One explanation is that the 
length of pellets increased with increased starch intake. The fact that the length of the pellets 
increases is because the blades that cut the pellets against the die were removed. A comparison 
within each amount of starch shows that there is a maximum value of bulk density at 65 °C. An 
explanation for this is the amount of moister in the material. Low moisture content affects the 
ability of the starch to create strong bonds in the pellet. This is supported by Tarasov et al. 
(2013) who concluded in his review that too much starch will make the product extremely dry.  
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Figure 6. Bulk density for pellets at different amounts of starch and conditioning temperatures 
in the mixer. 
 
Production properties 
The results from moisture measurements before and after conditioning as well as on finished 
pellets show that a higher conditioning temperature gives slightly higher moisture content in 
the material after mixer, see Table 1. However, no visible changes in pellet moisture content 
could be seen. Regarding the moisture content of the pellets, it increases with an increased 
amount of starch up to about 0.8%, and at higher amounts of starch slightly decreases.  
 
Table 1. Moisture content for sawdust before conditioner, after conditioner, and for cold pellets. 
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Fig. 6. Amount of fines in pellet production for different amounts of starch and conditioning 
temperatures in the mixer. 

 
There is a clear trend that the amount of fines decreases with increasing amounts of starch up 
to 0.6%. In the case of a higher amount of starch, there is no reduction in the amount of fines. 
Even the conditioning temperature affects the amount of fines, as the higher the conditioning 
temperature the greater the amount of fines. Also, the conditioning temperature affects the 
amount of crumb. The higher the conditioning temperature the lower amount of fines, see 
Figure 6. 
 
Closing remarks 
A result of the experimental tests in the pellet factory is that long test periods are required. This 
applies mainly to the measurement of current consumption, where changes in the material 
properties have a clear influence on the current load. One way to reduce this is to have a test 
period of at least 24 hours, since it would include all day and night shifts.  
 
The experiments show that if you add pea starch in the manufacture of pellets, there is an 
optimum level in terms of mechanical properties such as amount of fines, durability, hardness, 
and density. The trials also show that if you wish to get the full effect of the starch, the amount 
of water in the material must increase. 
 
The recommendations from the tests are that the amount of pea starch should be around 0.6% 
and that the conditioning temperature can be decreased by 10°C when using pea starch as an 
additive. Both actions should improve the energy efficiency of the production plant. 
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