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Summary. In the paper presents the results of a research on the
influence of potato pulp content (15, 20 and 25%) in a mixture
with buckwheat hulls and the variable mass flow rate of the
mixture (50, 75 and 100 kg-h™') on the energy consumption of the
pelletisation process and on the moisture content of the obtained
pellets. On the basis of the research results it was established
that the addition of potato pulp to pelletised buckwheat hulls
caused a significant reduction in the power consumption of the
pellet mill at each of the tested mass flow rates of the flow of
the mixture through the working system of the pellet mill and
increase of the moisture content of the densified mixture and the
pellets produced from this mixture.

Key words: potato pulp, buckwheat hulls, energy consumption,
moisture content of pellets.

1. INTRODUCTION

Due to the requirement addressing the reduction of
carbon dioxide emission into the atmosphere, universally
respected in the recent years, the use of biomass as a raw
material in the production of electric energy and heat,
including waste biomass from the agriculture and food
industry, has become more and more common. Due to
the increase in prices and the increasingly more limited
accessibility of wood sawdust on the market, as report-
ed by Stolarski, Kwiatkowski [23], there is an growing
interest in the use of other natural raw materials for the
production of pelletised biofuels, e.g. sunflower, coffee,
oats, and many other types of post-production waste [21,
22], including those from the agriculture and food industry
[3, 24, 14].

One of the types of waste raw materials obtained from
processing buckwheat into groats are by-products such as
contaminants, hulls, or shredded buckwheat grains, mixed
with particles of broken hulls, commonly known as buck-
wheat bran. Buckwheat hulls have multiple uses: due to their

therapeutic properties they are sold as pillow filler material
for therapeutic pillows, quilts or mattresses [23]. Despite
the low nutritional value, and owing to the high content
of phenols of strong antioxidant properties, they can serve
as a source for obtaining these compounds [23]. They can
be used as a fodder additive, which allows it to be stored
for longer periods of time [2]. They are also used as a raw
material for creating composts and substrata for horticulture;
as bedding for domestic animals; and as filler for packing
fruit and fragile goods [23]. In practice, however, as claimed
by Stolarski and Kwiatkowski [23], buckwheat hulls are
most commonly treated a waste material, and buckwheat
processing plants are seeking realistic possibilities of their
utilization.

Stolarski, Kwiatkowski [23] claims that the calorific
value of by-products of buckwheat processing, as well as
the pellets produced from them, is similar to the calorific
value of pellets from pine sawdust or pellets from the com-
mon osier. The content of sulphur in buckwheat hulls is
very small, therefore, combustion of fuels produced from
them causes only a negligible pollution to the environment,
which is obviously a significant aspect as far as environmen-
tal protection is concerned. According to Borkowska and
Robaszewska [1], the advantages of briquettes obtained from
buckwheat hulls are similar to those of wood briquettes,
and their calorific value is higher than the calorific value
of firewood.

An undeniable drawback of buckwheat hulls, however, is
their small bulk mass, which makes transport difficult; hence,
processing the hulls in the plant where they are produced is
the most beneficial solution. In addition, unshredded buck-
wheat hulls are a material characterized by a low suscepti-
bility to densification, which is confirmed by the author’s
own research as well as the experiments of Ekofrisa [6],
a company that produces pellets from buckwheat hulls. The
research allowed to conclude that the production of pellets
from buckwheat hulls is more complicated than the produc-
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tion from typical biomass material e.g. sawdust, because
buckwheat hulls have no binding material. Therefore, hulls
are ground into dust and compressed with steam. Due to this,
in order to increase the susceptibility of buckwheat hulls to
densification and improve the conditions for carrying out the
process, a binder material needs to be added to them during
the pelletisation process. Potato pulp, which mainly consists
of raw fiber, starch remnants and mineral compounds, and is
a post-production waste material created during the produc-
tion of potato starch, can serve as such a material.

According to many researchers the introduction binder
additives or another type of biomass waste causes an in-
crease of the kinetic durability of the obtained pellets and
a reduction of the power consumption of the pelletisation
process [4, 5,7, 17, 18, 19, 20].

Mediavilla et al. [9] pelletized different mixtures of vine
shoots and cork in a commercial pellet mill, using a 20 mm
compression flat die. They discovered that with the addition
of industrial cork residue to vine shoots less energy was de-
manded. Other Mediavilla et al. [10] work show that maize
starch or lignosulphonate addition (in dosages of 2.5, 5.0
and 7.0 wt.% (d.b.) of dry additive) increased the process
stability and decreased the specific energy demand during
the pelletisation process of poplar. Kaliyan and Morey [7]
also confirmed that addition of lignosulphonate as a bind-
er during pelletisation process improves pellets physical
quality and decreases energy demand. According to Kulig
and Laskowski [8], total energy consumption of pelleting
is affected mostly by the chemical composition of the pro-
cessed raw materials. Niedziotka et al. [11] claims that the
value of power consumption during the densification process
is considerably affected by contents of particular elements
in plant mixes used for pelleting. Increase of ground wheat
and sawdust in plant mixes results in an increase of power
consumption from 14 to 34% compared to the power con-
sumed for mixes with lower contents of these elements.
Stahl and Berghel [20] concluded, on the other hand, that
as the content of turnip waste obtained in the process of
making turnip oil in the densified mixture with sawdust
was increasing, the energy consumption of the pelletisation
process, as well as the mechanical strength and density of
the obtained pellets, were decreasing.

The purpose of the paper was to determine the influence
of the addition of potato pulp to buckwheat hulls and the
variable mass flow rate of the flow of the mixture through
the working system of the pellet mill on the power con-
sumption of the process and on the kinetic durability of the
obtained pellets.

2. RESEARCH METHODS

This paper presents the results of a research study on
the process of pelletisation of a mixture of post-production
waste: buckwheat hulls, which were post-production waste
created during the production of buckwheat groats in Pod-
laskie Zaktady Zbozowe S.A. in Biatystok, and potato pulp,
which was a remnant of washing out starch from potatoes
in PEPEES S.A in Lomza.

The moisture content of the raw materials (buckwheat
hulls, potato pulp and the prepared mixtures of buckwheat
hulls and pulp) before the densification process was de-
termined pursuant to PN-76/R-64752 using a WPE 300S
moisture balance with an accuracy of 0.01%, according to
the methods presented in [12, 15]. Each time the moisture
content of five samples was determined. For the purpose of
the measurements, samples with a mass of 5 g were taken
and dried in a temperature of 105°C until the indications of
the moisture balance remained unchanged in three consec-
utive readouts in 15s intervals. The mean of the obtained
values was adopted as the end result of the determination
of the moisture content.

The tests of the pelletisation process of the mixture of
buckwheat hulls with potato pulp were carried out on a SS-4
test stand (fig. 1), whose main component was a P-300 pel-
let mill with a “flat matrix — densification rolls” working
system.

The pellet mill (1) was driven by the electric motor 2,
whose torque was transmitted through a bevel gear to the
shaft on which a flat rotating matrix was mounted; the matrix
worked with a stationary system of two bearing-supported
densification rolls that force the densified material through
the matrix openings. Feeding the densified raw material
evenly to the working system of the pellet mill 1 was pos-
sible owing to the vibrating feeder 5, passing the material
to the working system of the pellet mill through the inlet 3.
The pellets left the working system through the outlet 4. The
SS-4 stand was equipped with a universal meter 6 for meas-
uring the electric power demand of the device, and a Spider
8 recorder 7 connected to the computer 8. Signals from the
universal meter 6 were transmitted to the Spider 8 recorder
7 in the form of binary files which were further processed
using the Microsoft Excel and Statistica 10.0PL software.

In the course of the tests carried out on the SS-4 stand,
the influence of potato pulp content (z =15 %, 20 % and 25
%) in a mixture with buckwheat hulls and the mass flow
rate of the flow of the mixture through the working system
of the pellet mill (50, 75 and 100 kg-h™') on the electric
power consumption of the engine driving the pellet mill,
as well as on the kinetic durability of the obtained pellets
were determined.

The tests of the densification of the mixture of buck-
wheat hulls with potato pulp in the working system of the
pellet mill, were conducted for the working gap between the
densification roll and the matrix of #=0.4 mm and a rota-
tional speed of the matrix of n_=280 rpm. The diameter of
the openings in the matrix used in the tests was d =8 mm,
while their length was / =28 mm.

Designating the humidity of the materials, mixture and
obtained pellets was performed pursuant to PN-76/R-64752
with the use of a WPE 300S scale-dryer exact to 0.01%.
Each time, the humidity of five samples was determined.
In the measurement, samples weighing 5g each were taken
and dried at the temperature of 105°C until three consecu-
tive readings of the scale-dryer at intervals of 15s remained
unchanged. The mean values obtained as a result of this
procedure were adopted as the final result of determining
the humidity.
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Fig. 1. The SS-4 stand: a) schema of the stand: 1 — working system of the peletizer with the flat matrix, 2 — electric engine driving
the peletizer, 3 — cover up the material, 4 — pour out of the pellets, 5 — vibratory feeder, 6 — universal measure to the measurement
of the power consumption, 7 — record- keeper Spider 8, 8 — the PC computer, b) the view of the stand

RESEARCH RESULTS

Fig. 2 shows the results of the tests of the influence of
the content of potato pulp in a mixture with buckwheat hulls
and the influence of the mass flow rate of the flow of the
mixture through the working system of the pellet mill on
the power consumption of the pellet mill.

The obtained test results (fig. 2) allowed to conclude that
increasing the content of potato pulp in a mixture with buck-
wheat hulls from 15 to 25 % caused a significant reduction
of the power consumption of the pellet mill, by approx. 35
% at a mass flow rate of the flow of the mixture through the

working system of the pellet mill of 50 kg-h™!' (from 2.08 to
1.35 kW); by approx. 35% at a mass flow rate of the mixture
of 75 kg-h'! (from 2.73 to 1.78 kW); and by approx. 51 %
at a mass flow rate of the mixture of 100 kg-h! (from 4.26
to 2.07 kW).

The achieved reduction of the power consumption of the
pellet mill is caused mainly by the significant increase of the
moisture content of the mixture resulting from the increased
potato pulp content, from 15 to 25 % (fig. 3).

On the basis of the conducted research of the moisture
content of the buckwheat hulls and of a mixture of buck-
wheat hulls and pulp prior to the pelletisation process it
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Fig. 2. Correlation between the power consumption of the pellet
mill, the content of potato pulp in a mixture with buckwheat
hulls and the mass flow rate of the flow of the mixture through
the working system of the pellet mill
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Fig. 3. Correlation between the moisture content of the mixture

of buckwheat hulls with potato pulp and the potato pulp content
in the mixture

was concluded that the moisture content of the mixture is
increasing as the content of pulp in the mixture is increasing.

Buckwheat hulls have a low moisture content of approx.
9.2 %. Pelletisation of hulls of such a low moisture content
yields unsatisfactory results. In order to increase their sus-
ceptibility to densification and to obtain high density pellets,
they need to be shredded, their moisture content needs to be
increased prior to the pelletisation process or a binder addi-
tive needs to be used. Potato pulp can serve as such an addi-
tive, as shown in the author’s previous research [12, 13, 15].

The moisture content of the buckwheat hulls mixture
increased from 18.63 % (at a 15 % pulp content in the
densified mixture) to 26.23 % (at a 25 % pulp content in
the densified mixture). Increasing the pulp content in the
densified mixture resulted in obtaining bigger and bigger
amounts of binder (in the form of a sticky liquid produced
from starch and moisture) during the pelletisation process.
The increasing content of the produced binder had the effect
of “lubrication” of the surface of the openings in the pellet
mill matrix, and of reduction of resistance to forcing through
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the openings. This, in turn, caused a reduction of the power
consumption of the pellet mill. This is confirmed by other
research of the author, conducted for a mixture of oat bran
and potato pulp [16].

The obtained test results (fig. 2) allowed to conclude
that increasing the mass flow rate of the flow of the mixture
through the working system of the pellet mill from 50 to
100 kg-h caused an increase of the power consumption of
the pellet mill. At a pulp content in the mixture of 15 %, the
increase of the power consumption of the pellet mill was
approx. 105% (from 2.08 to 4.26 kW); at a pulp content in
the mixture of 20%, the increase of the power consumption
of the pellet mill was approx. 49% (from 1.58 to 2.36 kW);
whereas at a 25% pulp content in the mixture the increase of
the power consumption of the pellet mill was approx. 53%
(from 1.35 to 2.07 kW).

The observed increase in the power consumption of the
pellet mill at an increasing mass flow rate of the flow of the
mixture through the working system of the pellet mill is
caused by the fact that as the amount of mixture fed to the
working system of the pellet mill is increasing, the amount
of material densified in a single densification cycle is also
increasing (the thickness of the layer of material pumped
into the matrix openings in a single densification cycle is
increasing). The increased thickness of the layer in a single
densification cycle translates into an increase of the resist-
ance to forcing through the openings and, consequently, an
increase of the power consumption of the pellet mill.

The influence of the pulp content z  in a mixture with
buckwheat hulls and the mass flow rate of the flow of the
mixture through the working system Q_on the power con-
sumption of the pellet mill N, obtained during the densifi-
cation of a mixture of buckwheat hulls and potato pulp in
a “flat matrix — densification rolls” working system was
described by the following equation:

N,=4.62-0.46z,+0.067Q +0.013z
-0.003z, @ +5.87x10°Q > [kW], (1)

where:

z, —pulp content in a mixture with buckwheat hulls [%],

0, — mass flow rate of the densified mixture [kg-h™'].

Fig. 4 shows the results of the tests of the influence of
potato pulp content in a mixture with buckwheat hulls and
the mass flow rate of the flow of the mixture through the
working system of the pellet mill on changes in moisture
content of the obtained pellets.

On the basis of the performed tests (fig. 4), it can be
concluded that increasing the pulp content in a mixture
with buckwheat hulls from 15 to 25 % caused a significant
increase of the moisture content of the pellets, determined
immediately after the densification process.

The obtained increase of the water activity and the mois-
ture content of the pellets as the pulp content increased in
a mixture with buckwheat hulls was increasing from 15 to
25 % was caused by the moisture content of the mixture
increasing as the pulp content in a mixture with buckwheat
hulls was increasing (fig. 3).
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Fig. 4. The influence of potato pulp content in a mixture with
buckwheat hulls and the mass flow rate of the flow of the mixture
through the working system of the pellet mill on the moisture
content of the pellets

The obtained test results (fig. 4) also allowed to conclude
that increasing the mass flow rate of the flow of the mixture
through the working system of the pellet mill from 50 to 100
kg-h' caused a slight reduction of the moisture content of
the obtained pellets. The highest reduction of the moisture
content of the obtained pellets as the mass flow rate of the
flow of the mixture through the working system of the pel-
let mill was increasing from 50 to 100 kg-h™' was recorded
at a 15 % pulp content in the mixture — a reduction of the
moisture content of the obtained pellets by approx. 7%.

The pelletisation process caused a reduction of the mois-
ture content (fig. 4), in comparison with the moisture content
prior to the densification process (fig. 3).

CONCLUSIONS

1. Increasing the potato pulp content in a mixture with
buckwheat hulls from 15 to 25 % caused a significant
reduction in the power consumption of the pellet mill
at each of the tested mass flow rates of the flow of the
mixture through the working system of the pellet mill.

2. Increasing the mass flow rate of the flow of the mix-
ture through the working system of the pellet mill
from 50 to 100 kg-h"!' caused a significant increase of
the power consumption of the pellet mill, at each of
the tested pulp contents in a mixture with buckwheat
hulls. The highest increase, by approx. 105 % (from
2.08 to 4.26 kW), was recorded at a pulp content in
the mixture of 15 %.

3. The pelletisation process influenced the reduction of the
moisture content of the densified mixture. The value of
the reduction of the moisture content was decreasing as
the pulp content in the densified mixture was increasing.
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OCENA ZAPOTRZEBOWANIA NA MOC W PROCESIE
PELLETOWANIA ODPADOWYCH MATERIALOW
ROSLINNYCH

Streszczenie. W pracy przedstawiono wyniki badan wptywu
zawartosci wycierki ziemniaczanej (15, 20 1 25%) w mieszani-
nie z tuska gryki oraz warunkdw prowadzenia procesu granulo-
wania (zmiennego masowego natgzenia przeplywu mieszanki:
50, 751100 kgeh') na energochtonnos¢ procesu granulowania
oraz na wilgotnos¢ otrzymanego granulatu. W wyniku badan
stwierdzono, ze dodatek wycierki ziemniaczanej spowodowat
znaczny spadek zapotrzebowania granulatora na moc przy
kazdym z badanych masowych natezen przeptywu mieszanki
przez uktad roboczy granulatora oraz istotny wzrost wilgot-
nosci zaggszczanych mieszanek oraz pelletu wytworzonego
z tych mieszanek.

Stowa kluczowe: wycierka ziemniaczana, tuska gryki, zapotrze-
bowanie na moc, wilgotno$¢ granulatu.
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