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Utilization of waste forest biomass: pelletization
studies of torrefied sawmill wood chips
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Abstract. The paper presents the effects pelletization process of torrefied
waste forest biomass — sawmill wastes. The sawmill waste are generated in
significant quantities and has significant energy potential. The use of
torrefaction and pelletization process enables to produce mechanically
durable fuel pellets. Aim of the studies was to evaluate the effect of
different kind of additives (binders) to torrefied waste forest biomass on
pelletization process characteristic  (production capacity, energy
consumption) and properties of produced pellets (i.e. density, mechanical
durability). The most effective binder among the tested was modified
wheat starch. Pellets made with this addition were characterized by the
highest mechanical strength.

1 Introduction

The development of biomass conversion processes have been an important issue for the
past several decades and seems to be attractive in the future due to its clean, renewable, and
carbon—neutral properties. The most important sources of biomass acquisition in Poland are
currently: forestry, agriculture, industry and municipal management [1, 2]. Among biomass
with potential for energy use, a significant amount of it is generated by the wood industry
(c.a. 4.06 million m* [3]. It is estimated that about 70% is sawmill waste
(c.a. 2.83 million m®). However, above mentioned waste biomass is characterized some
drawbacks in terms of its utilization. Its heterogeneity, low energy density and high
moisture content have become major problems in its efficient transport, handling, storage
and conversion into energy products.

To overcome the above drawbacks and improve quality of biomass, the thermal
pretreatment e.g. pyrolysis might be used [4]. Due to the temperatures used, pyrolisis
processes can be divided into: low temperature (< 350°C), medium temperature
(350-800°C), and high temperature pyrolysis (> 800°C) [5]. Medium- and high temperature
pyrolysis is commonly used to biochar production, which is currently tested in the
processes of enriching degraded soils, water cleaning, in construction, in electronics
industry, in metallurgy, in medicine, and in cosmetics [6]. Low temperature pyrolysis, also
known as torrefaction, is often used to thermal valorization of biomass. It is carried out in
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temperatures between 200—350°C ussually in an inert atmosphere [7—11], sometimes in hot
compressed subcritical water (hydrothermal carbonization, HTC) [12-14] or saturated
steam presence (steam explosion treatment) [15-17].

As result of aforementioned processes, the chemical structure of biomass undergoes
certain transformations, which in turn contribute to the change in the physical and chemical
properties of the obtained product. In comparison to raw biomass, the produced fuel is
characterized by lower volatile matter content, increased calorific value (higher energy
density), improved grindability (reduced costs of grinding) and hydrophobic properties (less
risk of environmental degradation — bacterial and mycological), which makes that thermally
treated biomass have more favorable usable properties in term of such processes as
combustion, co-combustion and gasification applications [18-27]. Despite a number of
these advantages, low bulk density of the pyrolysis products, their porous structure and
excessive fragility may cause logistical problems (high transport costs, large storage areas),
as well as excessive dust emissions, resulting in an increased explosion hazard [21].
However, these problems can be eliminated by the pressure agglomeration, the most
commonly used method for compaction of powdery materials including biomass [21,
26-31].

Recently, the issue of densification of thermally treated biomass has been the subject of
research by many authors [11, 20, 21, 26, 27, 32-39].

In general, most of them found that strength of pellets produced from thermally treated
biomass decreases with increasing final temperature of biomass treatment. In most cases,
pellets made from biomass processed at a temperature above 300°C were characterized by
negligible mechanical strength. Therefore, to produce mechanically durable pellets from
biomass processed at temperatures higher than 300°C it is necessary to use binding agents.

At the Institute for Chemical Processing of Coal (IChPW) in Zabrze for several last
years, research on development of autothermal biomass carbonization technology,
production of pelleted fuels from torrefied biomass, combustion test, as well as
environmental aspects of biomass torrefaction technology have been performed [18, 21,
24-26, 40].

Aim of our recent studies was to evaluate the effect of different kind binders to torrefied
waste forest biomass on pelletization process characteristic (production capacity, energy
consumption) and properties of produced pellets (i.e. density, mechanical durability).

2 Experimental

2.1 Biomass torrefaction

Sawmill waste wood chips (mixtures of pine, spruce and alder) were torrefied in an
Chemical Processing of Coal demonstration installation (capacity of up to 120 kg/h) under
autothermal conditions at 350°C [21]. Properties of raw and torrefied biomass were
presented in Table 1. Volatile matter content (V) was determined according to PN-EN ISO
18123:2016-01. Ash content (A) was determined according to PN-EN ISO 18122:2016-01.
Ultimate analysis (C, H, N) was determined according to PN-EN ISO 16948:2015. Total
sulfur content (S) was determined according to PN-EN ISO 16994:2016. Heating value (Q;)
was determined according to PN-EN ISO 18125:2017-07.

As a result of torrefaction process, the material with higher carbon content and calorific
value, reduced content of volatile components, and an increased grindability (assessed by
modified Hardgrove method — HGI.qv) in comparison with raw wood chips was obtained.
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Table 1. Properties of raw and torrefied waste chips (dry basis).

Parameter Proximate Analysis Ultimate Analysis
d
Fuel Feao% | v | Ade | QU | cagy | pao, | Neo | sd | POk
MJ/kg
Wood chips | 1420 | 85.15 | 0.65 | 1957 | 52.17 | 573 | 0.14 | 002 | 16
Torrefied | 3350 | 6483 | 097 | 2265 | 6230 | 502 | 024 |o002| 68
wood chips

2.2 Pelletization tests of torrefied wood chips

The compacting tests were carried out using a pellet mill with a flat die with a nominal
capacity of 150 kg/h and a power of 3 kW (Fig. 1). The pellet mill was equipped with
24 and 30 mm die with a diameter hole of 6 mm. Before the compacting process, the
torrefied biomass was ground in a hammer mill for grains below 3 mm. Then, the different
binders in the amount of 5% by mass were added to the raw material and the mixture was
humidified to the appropriate level. The following types of binder were tested: modified
wheat starch, waste glycerol, molasses, sodium lignosulphonate and two binders being
a mixture of the mentioned above: binder 1 (modified wheat starch 60%, molasses 15%,
glycerol 15%, sodium lignosulfonate 10%), and binder 2 (wheat starch 60%, molasses 30%,
sodium lignosulfonate 10%). After homogenizing in a planetary mixer the mixture was
pelletized. After densification process was completed, pellets produced were dried to
moisture content below 5%. Pellet density (apparent), mechanical strength according to
PN-EN 15210-1:2010 and its bulk density were determined. The production capacity
(yield) and energy consumption in the pelleting process was also assessed. Prior to the
actual pelleting tests, preliminary tests were carried out to select the right amount of
moisture in the feed to the process. The general view of the pellets produced is illustrated
on Fig. 2.

prunning knife

|
1

Fig. 2. General view of pellets produced from

Fig. 1. The principle of flat die pellet mill torrefied waste forest biomass.

operation.

3 Results and Discussion
3.1 Preliminary tests
Preliminary tests of torrefied biomass pelletizing were carried out for 5% wheat starch

addition. The aim was to evaluate proper level of moisture content for further tests. As can
be seen from the data presented in Fig. 4 and Fig. 5 an increase in moisture content in the
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material directed to the process results in an increase in the production capacity of the
pelletizer, and thus a decrease in the unit energy consumption, with a decrease in
mechanical strength and density of the pellets produced. Pellet density for 30%, 35%, and
40% moisture content was respectively: 740, 720, 680 kg/m?>.

The value of moisture content at the level of 30% is the limit value at which a very high
level of energy consumption was observed. At the moisture content of 25%, the die of the
pellet mill was blocked. For further tests, the moisture content in the sample directed to the
compacting process was set at 35%.
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Fig. 4. The effect of moisture content on the Fig. 5. The effect of moisture on pellets
efficiency and energy consumption during mechanical strength (24 mm die).
pellet production (24 mm die).

3.2 Pellet production capacity

As is apparent from the data presented in Fig.6 the type of binder used affects the pellet
production efficiency. It is caused by the influence of the binder addition on the frictional
resistance of the material passing through the die holes.

For 24 mm die, the lowest efficiency (30 kg/h) for waste glycerol was obtained. Slightly
higher efficiency was obtained for the addition of sodium lignosulphonate and binder 2,
which amounted 34 and 35 kg/h, respectively. The highest value was obtained with the
addition of molasses — the pellet production efficiency was reached 40 kg/h. Slightly lower
yields were noted for wheat starch and binder 1 addition.

Different results were obtained for pelleting tests using a 30 mm thick die (Fig. 6-9). In
general, thicker die — longer die channels — generates higher resistance during material
transfer through channels, which in turn causes a decrease in efficiency (yield), and an
increase in energy consumption. On the other hand, it positively affects the mechanical
durability and density of pellets.

In case of production capacity (yield), the best results for addition of binder 2 were
obtained (31 kg/h). Slightly lower efficiency values: about 25 kg/h were obtained using
wheat starch and binder 1. With the addition of sodium lignosulphonate, yield of 22 kg/h
was obtained. The lowest yield was obtained (12 kg/h) which was surprising, due to the
beneficial results obtained for the 24 mm matrix. In case of waste glycerol addition, the die
of pellet mill was blocked after about 20 seconds from the start of work.
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Fig. 6. The influence of the type of binder on the  Fig. 7. The influence of the type of binder on
pellet production efficiency. energy consumption during pellet production.

3.3 Energy consumption

The energy consumption during the pelleting process of torrefied biomass due to the
resistance of the material moving through the die holes is closely dependent on the binder
used to pellet production. The influence of the type of binder used in pellet production on
energy for two different dies: 24 mm and 30 mm is presented in Fig. 7.

In the case of 24 mm die, the highest energy consumption in pellet process production

was noted for the waste glycerol addition, which was 110 kWh/T, and the lowest for binder
1 — 79 kWh/T. A similar result (83 kWh/T) was observed for pelleting process with wheat
starch addition. Slightly higher energy consumption was achieved for: binder 2, molasses
and lignosulphonate, which amounted to 90, 90, 92 kWh/T, respectively.
If a thicker 30 mm die was used, a significant increase in energy consumption was
observed. The highest energy consumption level was recorded for pellet production with
molasses addition — 227 kWh/T, and the lowest for binder 2 — 96 KkWh/T. In the case of the
use of starch, binder 1 and lignosulphonate, the energy consumption was 130, 125,
142 kWh/T, respectively.

In general achieved results are consistent with the results obtained for production
capacity evaluation. For mixtures that generated higher resistance during pelletizing
process, higher energy consumption were noted and thus, lower yield were obtained.

3.4 Pellet apparent density

Resistance accompanying the pelleting process also affect the density of the product
obtained. In the case of a die with a thickness of 24 mm, the density of the pellets produced
was in the range of 675-768 kg/m’®, the highest value was obtained for waste glycerol
addition and the lowest for use of lignosulphonate. Densities above 700 kg/m? were noted
for the addition of molasses, wheat starch and binder 2 and amount respectively: 747, 720,
707 kg/m®.

The use of a 30 mm thick die resulted in a slight increase in the density of the pellets
produced. All of the pellets produced were characterized by a density above value of
700 kg/m®. The highest density was obtained for the wheat starch additive — 781 kg/m?, and
the lowest for molasses — 716 kg/m3. The influence of the type of binder on pellets density
for different dies is presented on Fig. 8.
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Fig. 8. The influence of the type of binder Fig. 9. The influence of the type of binder
on the pellets density. on the pellets strength.

3.5 Mechanical durability of pellets

Both: type of the binding additive and the die size has an impact on obtained mechanical
durability of pellets produced. The influence of the type of binder on pellets mechanical
strength is presented on Fig. 9.

The highest mechanical durability was obtained with the addition of wheat starch —
80.5% and binder 2 — 72.7%. The strength of pellets produced with the use of other
additives was at a much lower level. For the lignosulphonate additive the strength was
29.5%. Increasing the thickness of the applied die had a positive effect on the mechanical
strength of the pellets produced. The highest strength was obtained for the binder 2 (83.9%)
and starch (82.5%).

The type of binder and the thickness of the die affect the amount of the obtained
undersize (below 3.15mm) (Fig. 10.). Too much amount of it reduces the efficiency of
pellet production due to the necessity of turning the undersize back to re-pelleting.

The best results were obtained in the case of wheat starch and binder 2, for which in
both cases (die thickness 24 and 30 mm) the undersize below 3.15 mm content did not
exceed 5%. For the 24 mm die, the worst results were recorded for waste glycerol — 38.5%.
The use of a thicker die resulted in a significant decrease in the undersize content in case of
molasses additive and a slight decrease for lignosulphonate. For the other additives (starch,
binder 1 and 2) the content of the undersize has practically remained unchanged.
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3.6 Bulk density of pellets

The influence of the type of binder on bulk density of pellets is presented on Fig. 11. In the
case of a 24 mm die for all samples tested, with the exception of pellets with the addition of
lignosulphonate, a bulk density of approx. 400 kg/m> was obtained. The highest density
was obtained for molasses — 413 kg/m3 and the lowest for lignosulphonate — 385 kg/m?.
The use of a thicker 30 mm die positively influenced the achieved bulk density, with the
exception of pellets with the addition of molasses, whose lower bulk density results from
a slightly lower apparent density of pellets.

4 Conclusions

On the basis of the conducted studies, it was found that it is possible for tested material —
torrefied waste forest chips to produce pellets with a mechanical strength of approx. 80%
using a pelleting machine with a flat die with a power of 3 kW. The moisture content is the
key parameter affecting the effectiveness of the pelleting process. The higher the moisture
content in the material, the higher process efficiency and lower energy consumption were
observed. An increase in the moisture content, however, causes a decrease in the density of
the compacted material, decrease in mechanical strength and require more energy for
drying of produced pellets. Lowering the moisture content below a certain limit level
results in a drastic increase in resistance to material compacting and blocking of the die. For
the investigated case, the optimum moisture level was 35%. But it should be taken into
consideration that it might depend on the origin and properties of the material, as well as
the type of pelleting equipment.

The most effective binder among the tested was modified wheat starch. Pellets made
with this addition were characterized by the highest mechanical strength. Another additive
that gave satisfactory results was a binder 2, which consisted of: wheat starch 60%,
molasses 30%, and sodium lignosulfonate 10%. The pellets obtained with it had slightly
lower mechanical strength than those made with starch. The advantage of binder 2 is
approx. 18-20% lower than the price of modified wheat starch.

Work carried out as part of the project titled ,,Biocoal for Power Generation” (BIOPOGEN), financed
by the European Institute of Innovation and Technology (EIT).
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