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Abstract: The use of bioenergy has increased globally in recent years, as has the utilization of
biomaterials for various new product solutions through various biorefinery concepts. In this study,
we introduce the concept of using a mechanical dewatering press in combination with thermal drying
in a pellet plant. The purpose of the study is to increase the understanding of the effects a mechanical
dewatering press has in a pellet production chain and investigate whether a pellet plant could thus
become a biorefinery. The evaluations in this study are based on industrial data and initial tests at the
university. The results show that the concept of using the mechanical dewatering press together with
a packed moving bed dryer reduces energy use by 50%, compared to using only a packed moving
bed dryer. The press water could be used as a raw material for biogas, bioplastics, and biohydrogen.
Hence, this study points out the possibilities of a pellet plant increasing the efficiency of the drying
step, while moving towards becoming a biorefinery.

Keywords: energy efficiency; wood pellet production; drying; biorefinery; bioplastics; mechanical
dewatering

1. Introduction

The total global use of biomass for energy is about 10% [1] of total energy use and this amount
would need to increase for a successful transition towards a sustainable bio-economy. The use of
wood fuel pellets in Europe has increased significantly, mainly as a result of the EU 2020 target for
renewable energy sources. Satisfying current needs for energy from biomass pellets requires a variety
of feedstocks to be dried and pre-treated prior to pelletization. A traditional pellet plant process
operates in a single product production chain, as do most biofuel production plants. This is not
congruent with the concept of a biorefinery, which should produce at least one energy product and
at least one high value chemical/material product [2]. Pellet plants already handle large amounts of
biomasses in different types of sub-steps. Therefore, by choosing these steps wisely and by combining
their material flows in order to reach a complete utilization of more biomass components, pellet plants
could become biorefineries.

A biorefinery plant should be run in a sustainable way. Linked to the fact that solid biofuels have
a low value, it is important that the process is as energy efficient as possible. All the sub-processes
within a pellet production chain are energy-demanding, especially the drying step. Drying is also
associated with major costs; approximately 25% of total pellet production costs can be related to the
drying process [3–6]. When designing the pellet production process, one way to reduce this cost is to
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meet the heat demand with a low temperature energy supply. In other words, if waste energy from
saw or pulp mills could be used as an energy source, the drying costs would be reduced [7,8]. In
addition to the cost and energy demand incurred by drying, many pellet producers conclude that the
lack of drying capacity is a major barrier to increased production. Therefore, if the drying capacity
could increase at the same time as the energy efficiency was improved, production could increase, and
greater profit margins could be gained.

The most commonly used dryers for the drying of biomasses are the rotary dryer, the pneumatic (or
flash) dryer, and the packed moving bed dryer; however, other dryers also exist [9–14]. Regardless of the
choice of dryer, hygroscopic materials, such as biomass, behave differently during the drying process
depending on the moisture content. A typical drying rate curve for biomass can be divided into three
drying stages [12] that approximately correspond to moisture contents above 50%, between 50% and
20%, and below 20% [15]. During the first two stages of drying, the rate-controlling step is the diffusion
of water vapor across the air–moisture interface. This means that the drying capacity is typically
limited by the input of thermal energy to the dryer. In the third drying stage, the rate-controlling step
is the transport of moisture through the biomass as a result of concentration gradients in the solid. In
this third drying step, the residence time of the biomass in the dryer limits the drying capacity. Hence,
two completely different mechanisms limit the drying capacity depending on the drying stage.

Even though there are two completely different mechanisms that limit drying capacity, it is
most common to use a single dryer when designing a pellet production process; however, some
producers use combinations of dryer types [1]. The potential of increasing drying efficiency with the
development of two-, three- or multi-stage dryers has been shown in earlier studies. These studies
focus on the use of lower drying temperatures and exhaust air recycling systems, as well as adapting
drying techniques to the drying rate, for example, a technique for drying below the fiber saturation
point [10,15–20]. Frodeson et al. (2013) have shown, based on industrial data, that pellet plants have the
potential to increase their drying capacity as well as their energy efficiency by implementing a two-step
drying technique [17]. Furthermore, Ståhl and Berghel (2008) show that the increased recirculation
of drying gases causes a more energy-efficient operation of dryers and that recirculation gives a
significantly higher dew point, which means that more energy can be recovered in the condenser [21].
However, these studies all focus on dryers based on evaporative drying and there is a possibility of
increasing energy efficiency in the drying step by removing some of the water in the feedstock by
mechanical dewatering.

Mechanical dewatering, or compression drying, is a process of forcing free water to move under
high hydrostatic pressure through a solid biomass structure [22] and it has been shown that it is more
energy efficient than traditional evaporative drying [23–25]. Laurila et al. (2014) designed a laboratory
scale compression dryer and indicated that compression drying is a fast and effective solution for
effective moisture reduction. The lowest moisture content achieved in the study was 30%, which is
approximately 7 to 12% above fiber saturation point [26]. A drying curve was also presented, which
showed that the moisture content in the dewatered biomass levels out at 30 to 40% moisture even
if the pressure is increased [26]. Takahiro et al. (2010) developed a continuous dewatering system
and found that, in cases where roller compression was in combination with thermal drying, the
primary energy basis was 58% of the energy required for thermal drying alone [25]. There are some
studies in the area of bark dewatering which focus on increasing the heating value. An attempt to
dewater bark was conducted on a pilot scale and moisture contents of 65–53% were achieved [27].
Holmberg and Stenström (2014) present technical solutions for the installation of dewatering systems
for bark. The laboratory results from their study show that mechanical dewatering in combination
with thermal heating of the bark, before pressing, will increase water removal. The potential for
increased dewatering would be at least 15–20% [28]. Askaner (1976) also conducted laboratory tests to
heat the bark before dewatering and received similar results [29]. Thus, the possibilities of reducing
energy requirements and increasing drying efficiency by providing a mechanical dewatering press
have been established. However, compared to other drying processes, only a small amount of research
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is presented [30,31] and it has been difficult to scale up this technique to an industrial level, which
is correlated to the time-dependent nature of the pressing of material or the reabsorption of water
depending on chosen compression dryer technique [22].

Mechanical dewatering in combination with thermal heating generates high pressure on the
fibers, resulting in a collapse of the fibrous cell walls [32]. This causes carbohydrate groups and
lignins to be washed out with the press water [32]. It is therefore likely that extractives are similarly
lost, and this may affect both pellet production and pellet quality. Lignin and carbohydrate, such
as xylan and cellulose, have positive binding properties, while extractives affect bonding properties
negatively [33–41]. As for the press water from mechanical dewatering, it creates new opportunities for
pellet plants to become biorefineries with increased utilization of biomass components, as it includes
both particles and biomass components.

The press water is, similar to the condensate water from biomass dryers [42], toxic to aquatic
organisms [43]. Thus, the press water must be purified, preferably on site, before being released into
receiving water bodies. However, if the press water has been produced in quantities that would make
it economically viable to use as a feedstock, that is, in processes producing biogas, bioplastic, and
biohydrogen, it could be profitable. A mechanical dewatering press at a pellet factory that produces
100,000 tons of pellets a year would also produce about 45,000 tons of press water per year. Hence, the
pellet production plant could become an energy efficient biorefinery. However, as no study has been
conducted on implementing a mechanical dewatering press in a pellet production chain, there is a gap
of knowledge within this field.

The purpose of this study is to increase the understanding of the effects a mechanical dewatering
press has in a pellet production chain and investigate whether a pellet plant could thus become a
biorefinery. The aims are to implement a concept, consisting of a mechanical dewatering press with
a packed moving bed dryer in a pellet process chain, then (a) investigate both its energy and mass
flow rates, (b) study its effects on the pelletability of the altered feedstock, and (c) discuss possible
new products that could be extracted from the press water or propose possible press water treatment
methods. The concept idea in this study is based on investigations from a dewatering press and packed
moving bed dryer booth on an industrial scale.

2. Materials and Methods

This study is a comparison between two different dewatering systems that will achieve the same
outgoing material moisture content. The first dewatering concept is a single packed moving bed dryer
where the dewatering is facilitated by thermal drying in a single step. The second dewatering concept
includes a mechanical dewatering press in combination with a packed moving bed dryer.

2.1. The Industrial Packed Moving Bed (PMB) Dryer

The data on the industrial packed moving bed (PMB) used in this study is based on a PMB dryer
located at Stora Enso Timber AB, a combined sawmill pellet plant in Grums, Sweden. Both the sawmill
and the pellet plant dryers are supplied with waste energy from a nearby pulp mill. The PMB dryer is
36 m in length and designed for a sawdust production flow of 9 ton/h (ds). It is equipped with six fans
for the outlet air and the inlet dry air is distributed into three heat exchangers where it is heated. This
is the whole setup design for the PMB dryer in the pellet plant (see Figure 1). All data for the PMB
dryer and concept one is based on an earlier study by Frodeson et al. (2013), where more information
about method and materials can be found [17].
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chain, data from the Drinor AB pilot continuous dewatering press (CDP) located in Älvdalen, Sweden 
at Rindi Pellet AB was used. This CDP is the first manufactured unit and, during this study, the CDP 
was installed as a separate single production unit to enable a full scale tests series. The CDP 
technology has been developed to handle green biomass, such as woodchips and sawdust, that are 
transported by a perforated steel band into a constant cylindrical nip (see Figure 2). The water is 
squeezed out at high pressure, and a separation is allowed by the perforation in the steel band. The 
separation through the steel band minimizes re-absorption. After the cylindrical nip the moisture 
content of the biomass is between 35–40%, independent of the inlet moisture content. The patented 
CDP technology consists of two cylindrical rollers and two turning rollers for the belt. The diameter 
of the rollers is 600 mm and the footprint of each machine is 20 m3. The machines operate at speeds 
between 0.3–1 m/s and material bed heights are up to 50 mm. 

Figure 2. A concept picture of the mechanical dewatering continuous dewatering press (CDP) 
technique. 

The CDP is implemented as a mechanical dewatering technique used before the PMB dryer (see 
Figure 3). The CDP removes some of the water before it enters the PMB dryer, whereas the second 
step dries the feedstock to the desired final moisture content.  

Figure 3. The setup for including a mechanical dewatering press before the PMB dryer in a pellet 
production chain.  

2.3. Energy and Mass Balance for the PMB and the CDP + PMB  

Figure 1. The pellet production chain and setup for using a single packed moving bed (PMB) dryer.

2.2. Continuous Dewatering Press (CDP)

In order to investigate the potential of including mechanical dewatering in the pellet production
chain, data from the Drinor AB pilot continuous dewatering press (CDP) located in Älvdalen, Sweden
at Rindi Pellet AB was used. This CDP is the first manufactured unit and, during this study, the CDP
was installed as a separate single production unit to enable a full scale tests series. The CDP technology
has been developed to handle green biomass, such as woodchips and sawdust, that are transported by
a perforated steel band into a constant cylindrical nip (see Figure 2). The water is squeezed out at high
pressure, and a separation is allowed by the perforation in the steel band. The separation through the
steel band minimizes re-absorption. After the cylindrical nip the moisture content of the biomass is
between 35–40%, independent of the inlet moisture content. The patented CDP technology consists
of two cylindrical rollers and two turning rollers for the belt. The diameter of the rollers is 600 mm
and the footprint of each machine is 20 m3. The machines operate at speeds between 0.3–1 m/s and
material bed heights are up to 50 mm.
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Figure 2. A concept picture of the mechanical dewatering continuous dewatering press (CDP) technique.

The CDP is implemented as a mechanical dewatering technique used before the PMB dryer (see
Figure 3). The CDP removes some of the water before it enters the PMB dryer, whereas the second step
dries the feedstock to the desired final moisture content.
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Figure 3. The setup for including a mechanical dewatering press before the PMB dryer in a pellet
production chain.

2.3. Energy and Mass Balance for the PMB and the CDP + PMB

The first concept consists of one PMB dryer and is hereinafter referred to as PMB. The second
concept is a combination of a CDP press and a PMB dryer and is hereinafter referred to as CDP + PMB.

Mass flow analysis and energy flow analysis were used to evaluate the two dewatering concepts.
The ambient conditions used were assumed to be 7 ◦C and 60% RH for the energy and mass balances,
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respectively. It was also assumed that the temperature of the inlet sawdust flow was equal to the
ambient air temperature. The outlet sawdust flow temperature was 3 ◦C below the temperature of
the outlet moist air in the last fan. For analysis of the drying capacity of the PMB dryer, the dryer
was divided into six zones, which were correlated to the fan numbers. The drying potential for each
zone was determined based on measured industrial data [17]. For analysis of the drying capacity of
the PMB in the CDP + PMB, the outlet sawdust flow from the CDP was given the need for a drying
capacity linked to the number of zones, or fans, which became three. The specific heat capacities used
in the energy and mass balances were 1.4 kJ/kg for sawdust, 1.0 kJ/kg for air, 1.8 kJ/kg for vapor, and
2500 kJ/kg for vaporization heat. All data for moisture content is based on wet basis and determined
according to SS-EN 14774-1 [44]. The analyses for both the PMB and the CDP + PMB concepts were
based on the data presented in Table 1.

The following steps were taken to determine the energy balance for the CDP + PMB. The
determination of the potential for implementing the CDP in the production chain is based on the
energy and mass balances from using only the PMB. The amount of water mechanically removed in
the CDP is based on measured data. To determine the need for drying energy and the size of the PMB
dryer, the outgoing moisture content from the CDP was used as the inlet moisture content in the PMB
dryer. The need for drying capacity was then determined based on the number of zones in the PMB
dryer with the purpose of reaching down to 12.5% moisture content.

Table 1. Inlet data for the PMB and the CDP + PMB.

PMB CDP + PMB

Inlet average air temperature 75 ◦C 75 ◦C
Heat power delivered to the heat exchangers 10.1 MW 5.1 MW

Total amount of electric power to the fans in the dryer 0.450 MW 0.22 MW
Thermal losses from PMB 10% of inlet power 10% of inlet power
Inlet mass flow sawdust 18.53 T/h 18.58 T/h

Inlet sawdust moisture content 52.0% 52.0%
Outlet sawdust moisture content 12.5% 12.5%

Outlet sawdust moisture content from CDP - 36.7%
Current load CDP - 209 A

Voltage CDP - 400 V

2.4. Effects of the Mechanical Dewatering Technique on Sawdust

The material properties correlated to particle size distribution and bulk density were tested based
on unpressed and CDP-pressed sawdust from Scotch pine (Picea sylvestris) received from the Rindi
Pellets plant in Älvdalen, Sweden. Before the test, the sawdust was dried in a bed drier using ambient
air at an approximate temperature of 20 ◦C until an equilibrium moisture content in the sawdust of
about 7% was reached. For particle size distribution, the sawdust was sieved for 10 min, using a
shaking machine from Pascall Engineering, with six different sieve sizes: 4.0, 2.0, 1.4, 1.0, 0.71, and
0.355 mm. The bulk density (kg/m3) for unpressed and CDP-pressed sawdust was determined by
measuring the weight of a 5 liter bucket, according to SS-EN 15103:2010 [45].

3. Results and Discussion

3.1. Energy and Mass Balances for Concept One

The theoretical calculations for using the PMB, based on industrial data, show that when drying
8.9 tons of sawdust per hour, from 52% to 12.5% (wb), 11.2 MW of heat power is used (see Figure 4).
Furthermore, they show that about 8.4 tons of water and 10.2 MW of heat are released into ambient air.
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3.2. Energy and Mass Balances for Concept Two

As shown in Figure 5, including the CDP press in the pellet production chain, using the same set
of data, shows that 0.15 MW of electricity (for the CDP) and 5.6 MW of heat power (for the PMB) are
used when 8.9 tons of sawdust per hour are dewatered from 52% to 36.7% and then dried to 12.5%
(wb). In the CDP press, 4.5 tons of water per hour are pressed out and the amount of water which is
evaporated and heat which is released into the ambient air from the belt dryer decreases to 4.9 tons per
hour and 5.4 MW, respectively (see Figure 5). Compared with the PMB dryer, a decrease in energy use
of about 50% is achieved.
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The results, presented in Figures 4 and 5, also show that the use of electricity is about the same,
regardless of whether the PMB or the CDP + PMB are used for water removal. The PMB uses 0.45 MW
of electrical power for the fans in the dryer and the CDP + PMB uses a total of 0.37 MW for both the
CDP and the fans in the PMB dryer.

3.3. Effects on the Sawdust When Using the CDP

The particle size distribution differs between unpressed and CDP-pressed sawdust (see Figure 6a).
CDP-pressed sawdust has larger amounts of small particles than unpressed sawdust, due to the
crushing of fibers in the cylindrical nip. The number of very small particles may have been greater if
all the material could have been tested, but the smallest particles were washed out with the press water
and are thus not included in the analysis. The bulk density of CDP-pressed sawdust is lower than that
of unpressed sawdust (see Figure 6b). These variations are small, so it is difficult to make any robust
conclusions after these first tests. However, it is likely that these variations are due to pressed fibers
having been broken and becoming more voluminous, which results in slightly lower bulk weight.Processes 2019, 7 FOR PEER REVIEW  8 
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3.4. The Press Water and Possible New Products

The second concept (CDP + PMB) not only decreases energy use, but also creates a mass flow of
press water. This water contains fibers, extractives, hemicelluloses and lignin, and this is accounted for
in the calculations so that the same amount of sawdust is dried in both concepts. It could be seen as a
loss of substances, and thus a lower pellet yield and altered pelletability—or it could be perceived as
a new feedstock. A biorefinery approach would focus on the press water as a source of suspended
organic material and water-soluble substances, which could be extracted with suitable methods and
made into new products or profitable chemicals.

As a biogas feedstock, the press water has, according to preliminary data, a yield comparable
to horse manure or straw at the lower end and ensilage or vegetables at the higher end. A more
visionary option might be to use the press water as a raw material for bioplastics and biohydrogen.
Hemicellulose has been found to be suitable as a substrate for fermentation to hydrogen and acetic acid.
Biohydrogen is usable as it is, and the acetic acid is a preferred substrate for bacteria that accumulate in
polyhydroxyalkanoate, which is the basis for the biodegradable bioplastic PHA. Hence, a pellet plant
can be transformed into a new biorefinery by applying the second concept. If a sufficient amount of
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substances can be extracted in the CDP, the rest of the press water might not need to be cleaned before
being released into the surroundings and the CDP + PMB could be used in any stand-alone pellet plant.
If no extraction occurs, or an insufficient amount of substances are extracted, then a cleaning method
will be needed. Cleaning technologies suitable for biomass dryer condensate should also work for
press water. Common options include pH adjustment and filtration or flotation. If the mechanical
dewatering press is placed near a pulp and paper mill with aerobic wastewater treatment, it may,
considering that the micro-organisms in these purification plants can withstand a 0.2% mixing of steam
dryer condensate without the activity decreasing by more than 10% [46], be feasible to lead the press
water to the mill-activated sludge basin.

3.5. Further Work

The concept of using a mechanical dewatering press in combination with a packed moving bed
dryer is shown to be an energy efficient method for the removal of water. Initial studies on the CDP
in Älvdalen have shown that, independent of the inlet moisture content of the material, the outlet
moisture content is constant. These conditions create new options and opportunities for the design of
processes for the pretreatment of biomaterials. Mechanical dewatering makes it possible to wash the
feedstock, meaning that bioenergy plants could include dirty raw materials, such as bark, stumps or
residues, which are raw materials that often include soil and gravel particles that are not desirable in
its ordinary feedstock. By installing a washing step before the CDP these feedstocks can be included
and the CDP + PMB option would thus create a broader raw materials base. However, the washing
will affect the outlet water flow from the CDP. The cell-structure of bark is very different compared to
that of wood. Bark exists to protect the tree and its cellular structure differs from that of wood, which
means that dewatering also becomes different. However, this has not yet been studied and this option
needs further research.

The CDP + PMB may be further improved by preheating the feedstock. Initial tests with the CDP
have shown that the mechanical dewatering rate increases if the feedstock is pre-heated with steam.
Furthermore, it affects the mass and energy balances, as the energy used for the CDP reduces the
energy need for the thermal drying step as the feedstock is preheated to around 50 ◦C during pressing,
and thus enters the thermal dryer at a higher inlet temperature. Additionally, more substances are
extracted from the feedstock, with a notable increase in the potential of, for example, biogas production
from the press water. However, only initial tests have been conducted and further studies are needed,
including evaluations of the total energy use.

In this study the thermal drying step is based on a packed moving bed dryer, often used at pellet
plants for its potential to use low-temperature heat sources. However, a packed moving bed is not
optimized for dry biomasses below fiber saturation point, where a flash or pneumatic dryer would be
more suitable [10,15–20]. Therefore, a concept with the CDP and a flash dryer could increase the drying
rate even further. Beyond that, the variation in particle sizes is an important parameter to consider
when designing the drying steps. The particle surface area increases with decreasing particle size. The
difference in surface area is important for thermal drying, since the fine fraction dries faster and thus
becomes over-dried [47]. Results from initial tests by the authors show that the smallest particles are
drier than larger particles after the CDP. Hence, a solution where the smallest particles bypass the
thermal drying step in concept two can avoid over-drying and reduce energy use. This could also
create a new particle flow based on very small particles suitable for powder burners, pretreatment for
pyrolysis, gasification, chemical refining, and biogas feedstock. This should increase the possibility of
a pellet plant acting as a biorefinery. However, this study has shown the potential of a new concept for
the drying of biomaterials so that both the energy use can be reduced and new material flows could be
created. However, it must be clarified that the results are based on two separate production units and
further studies must be conducted.
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4. Concluding Remarks

The most obvious finding to emerge from this study are that using a mechanical dewatering
press in a drying concept reduces thermal energy use by 50%. Another finding is that the use of
electric energy is in the same range for the PMB as it is for the concept CDP + PMB for drying biomass
from 52% MC to 12.5% MC. Furthermore, the mechanical compression effects the material properties
of sawdust. Regarding the biorefinery option, several promising paths to achieve greater product
versatility have been identified. Research questions imperative for the evolution of plants from single
product pellet producers towards biorefineries have also been identified, that is, studies of the pellet
quality from CDP-pressed sawdust and experimental evaluation of the press water as feedstock for
new bio-products.
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