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1. Introduction

Due to climate change and growing problems associated with the
emission of excessive amounts of CO, not to mention the ubiquitous oc-
currence of smog in large cities, limitation of the use of fossil fuels is
becoming a necessity. Replacing fossil fuels by energy produced from
renewable energy sources such as biomass can significantly reduce
greenhouse gas emissions, hence renewable energy sources are consid-
ered to be very important for the protection of the environment and the
future of society (Piecuch 2010, Blaschke et al. 2013, Kuntal & Sudipta
2014, Malowaniec 2016). Sustainable energy systems will have to rely
on the rational use of energy from renewable sources (Callejon-Ferre et
al. 2011, Ibrahim et al. 2008, Hlavata et. al 2014).

The energy use of biomass in heating devices favours refuse-
derived fuels (RDF) with specified technical characteristics. However,
due to better combustion process and easier handling of boilers, users of
these fuels prefer the wood based ones. Also, automation of fuel supply
to boilers results in pellets gaining bigger popularity than briquettes (Wil-
liams et al. 2012, Syputa et. al 2010, Lisowski et. Al 2015, Wzorek &
Krupa-Zuczek 2015). At the biomass market no chips or sawdust wood
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with low prices are available, and hence other types of biomass and
commonly available agricultural or fodder by-products that could replace
those in deficit are searched for in order to be used in pellet production.
Such materials may consist of waste from agricultural production and
processing of plant products such as — straw of cereals, rapeseed and
soya bean, or industrial waste known as rapeseed cake and soya bean
hulls and spelt hulls (Caryalho et al. 2013, Stahl & Berghel 2011). It is
assumed that on average 1 tonne of rapeseed seeds yields approximately
650 kg of rapeseed cake or about 600 kg of post-extraction meal (Firrisa
et al. 2014). According to the conducted studies rapeseed cake has ap-
propriate parameters for power industry, as their net calorific value is
approximately 19.8 MJ-kg™ (Mc Kendry 2002, St&hl & Berghel 2011).
Also the results for mechanical strength of the pellets produced from
rapeseed cake or with admixture thereof were characterised by high pa-
rameters, which are within the accepted quality standards (96.5%) (Stahl
& Berghel 2011).

The production of soya bean in the world is estimated to approx-
imately 160 million tonnes. Assuming that hulls make up around 14% of
it, a yearly average production of hulls equals to 22 million tonnes (Firri-
sa et al. 2014). Oil and microcrystalline cellulose, to name just a few, in
large quantities obtained from soya beans are very important products for
pharmaceutical, food and cosmetic industries (Uesu et al. 2000). Soya
bean meal is the most important source of protein used in livestock feed-
ing. During processing of soya bean hulls are obtained as waste product,
which may be used for power production purposes, for example by using
it in pellet production.

Pellets are produced in the process of pressure agglomeration, in
which the pulverised material under the external forces (solidifying pres-
sure) and internal ones (intermolecular forces and bonds) takes the per-
manent shape with specified geometric dimensions (Adapa et al. 2004,
Theerarattananoon et al. 2011). Depending on the die used the end prod-
uct are pellets of cylindrical shape with a diameter between 6 and 25 mm
and length of up to few cm (Shawa et al. 2009). However, the process of
pressure agglomeration of biomass entails many technical and operating
difficulties related to high variability of physical and chemical properties
of the materials that were subject to granulation (Adapa et al. 2004).
Keeping in mind the above issues an examination was conducted on the
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feasibility of pelleting cereal and rapeseed straw in compound with rape-
seed cake and soya bean and spelt hulls. The physical characteristics of
the obtained pellets and their possible use as solid biofuel were assessed.

2. Materials and methods

For the production of pellets rye straw, wheat straw, rapeseed
straw and rapeseed cake, soya bean hulls and spelt hulls were used. The
composition and mass fraction of the used kinds of straw and individual
compounds are presented in Table 1. The particular ash content and aver-
age size of particle was presented in Table 2 in raw material. Prior to
pelletizing the straw was initially pulverised using universal hammer
crusher, driven by an electric motor with the power of 7.5 kW and fitted
with 2 sieves with holes 20 mm in diameter. The final fragmentation of
the straw was done by blade crusher, driven by an electric motor with the
power of 5.5 kW and fitted with a sieve with holes 8 mm in diameter. All
others raw materials used for the production of pellets were in pulverised
form. For agglomeration of the plant raw materials a flat die pelleting
machine with rotating compression rollers was used. It was driven by an
electric motor with the power of 7.5 kW. The diameter of the holes in the
pelleting machine die was 8 mm, and the length to diameter ratio (L/D)
was 3.125.

Moisture content of raw materials and pellets was determined us-
ing a laboratory oven with forced air circulation. Samples of raw materi-
als or pellets were placed in the oven and then dried at 105°C until reach-
ing constant mass, in accordance with BS EN ISO 17225-6:2014 stand-
ard. Rapeseed straw, wheat straw and rye straw were moistened until the
moisture content was equal to 18%.

The net calorific value of the produced pellets was calculated on
the basis of the heat of combustion measured by calorimetric method
using isoperibolic calorimeter, according to BS EN 14918:2009 standard.
The ash content was measured after pellet sample ashing, at the final
temperature of 550°C, according to BS EN 14775:2009 standard.

Measurements of the geometrical characteristics of the pellets
produced in flat die pelleting machine included: diameter, length, and
mass. Random samples of 20 pieces of pellets were collected for the
measurements. The geometric measurements of the pellets were made
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using a calliper with measurement accuracy of £1 mm, and their mass —
using laboratory scales with measurement accuracy of +0.1 g.

Table 1. Types of plant raw materials and the produced pellets
Tabela 1. Rodzaje surowcow roslinnych i wytworzonych peletow

Type of straw Straw mass Other Additive mass Pellet
yP fraction [%] compounds fraction [%] |designation

Rye straw 50 Rapeseed cake 50 A

Wheat straw 50 Rapeseed cake 50 B

Rapeseed straw 50 Rapeseed cake 50 C

Rye straw 50 Soya bean hulls 50 D

Wheat straw 50 Soya bean hulls 50 E

Rapeseed straw 50 Soya bean hulls 50 F
Rapeseed cake 25

Rapeseed straw 50 Spelt hulls 25 G
Soya bean hulls 25

Rapeseed straw 50 Spelt hulls 25 H
Rapeseed cake 50

Rapeseed straw 25 Spelt hulls 25 I
Soya bean hulls 50

Rapeseed straw 25 Spelt hulls 75 J

Table 2. Average particle size and ash content in raw material
Tabela 2. Sredni rozmiar czgstek i zawarto$¢ popiotu w surowcu

Raw material Average particle size [mm] Ash content [%]
Rye straw 1.71 3.69
Wheat straw 1.97 4.71
Rapeseed straw 1.38 4.85
Rapeseed cake 0.90 549
Soya bean hulls 1.29 4.44
Spelt hulls 3.30 4.62

Particle density of the pellets was determined on the basis of
measurements of their physical characteristics including geometric di-
mensions and mass, and was calculated according to the BS EN
15150:2011 standard. Bulk density of pellets was determined on the basis
of measurements of their mass and volume according to BS EN
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15103:2009 standard. After the pellets were poured into measurement
container with capacity of 5 dm® and their excess was removed with
a straight edge, they were weighed on laboratory scales and the density
was calculated.

Measurements of mechanical strength of the pellets were carried
out on a test bench in accordance to BS EN ISO 17831-1:2015 standard.
The rotational speed of the drum was 50 rpm-min”' (0.1 rpm-min™"), the
duration time of the measurement was 10 min, and the mass of the sam-
ple was 500 g (10 g). After mechanical strength test the tested sample of
pellets was sieved on a sieve with holes 1 mm smaller in diameter than
the diameter of the pellet.

Crushing testing consisted of placing a pellet sample between
work plates of a measuring head and then running a crushing test at
a constant speed of 50 mm-min™' until the point when a rupture or de-
struction of the structure of the sample occurred. The measurement of the
pellet cutting strength was conducted using a blade set at 45° angle. On
the basis of the obtained crushing and cutting strength curves for tested
samples their respective values were specified. The tests were performed
using TA.XT Plus TEXTURE ANALYZER.

Results of the measurements of the physical and energetic charac-
teristics of the raw materials and pellets were statistically analysed using
the one-way analysis of variance processed in STATISTICA 10.0 soft-
ware. The significance of the differences between the means was defined
using Tukey's test at the significance level of o = 0.05.

3. Research results

The results of the determination of the moisture content, net calo-
rific value and ash content in the produced pellets are shown in Table 3.
The moisture content during the pelletizing process depended on the
composition of the compound, and the differences were caused by vari-
ous amounts of particular types of the raw materials (Table 3). The mois-
ture content during the pelletizing process ranged between 9.0% and
13.65%. In similar conditions other authors were pelletizing barley straw
using the moisture content within the limits of 9-17%. While the best
quality pellets made from barley straw were obtained for moisture con-
tent between 19% and 23% (Serrano et al. 2011). Considering the pro-
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duced pellets the highest ash content was measured for pellet from sam-
ple C — 5.17%, and the lowest for pellet from sample D — 4.06%, made
of rye straw and rapeseed cake. When comparing these data with the data
on the ash content in wheat straw (8.32%) or barley straw (10.72%),
which was obtained by other authors in the course of research on pellets
making (Mani et al. 2006), this content is low. According to the ISO
standard 17225-6:2014, the ash content for cereal straw pellets should not
be above 6%. The ash content of the biomass pellets due to the ash con-
tent in the raw material. Higher ash content may indicate contamination
of raw material. Most are pollution from accidental admixture substrate
storage area. The ash content of the presented pellets was below 6%
which results from the ash content in the raw material (Table 2).

Table 3. Characteristics of the produced pellets
Tabela 3. Charakterystyka produkowanych peletow

Pellet MOI.S ture content Pe.llets Calorific value | Ash content
designation of mixtures before | moisture [MJ-kg'] [%]
pelleting [%] content [%]
A 11.25 8.39 17.67 4.59
B 11.25 8.88 16.97 5.10
C 11.25 7.31 17.08 5.17
D 13.65 8.39 17.89 4.06
E 13.65 8.88 17.23 4.57
F 13.65 9.58 16.74 4.64
G 12.7 11.45 15.85 495
H 13.8 10.00 15.89 4.69
I 9.3 9.18 16.59 5.11
J 9.0 8.73 17.10 4.39

The net calorific value of the produced pellets varied to a small
extent. The difference between the highest net calorific value and the
lowest one was 2.04%. The lowest net calorific value was measured for
pellets marked as G sample, made of rapeseed straw, rapeseed cake and
spelt hulls (15.85 MJ-kg™), and the highest — for pellets from sample D,
made of rye straw and soya bean hulls (17.89 MJ -kg'l). In accordance
with ISO standard 17225-6:2014, net calorific value of pellet should be
within a range of 16.5-19.0 MJ-kg™". All tested pellets, with the exception
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of the samples marked as G and H, complied with the specified standard.
While only the pellets from sample G did not meet the established in the
standard level of moisture content below 10%. In the so far conducted
studies the net calorific value of pellets made exclusively of wheat straw,
rapeseed straw, or corn straw, as well as of compounds thereof was in-
vestigated. The highest net calorific value was obtained for the pellets
made of rapeseed straw and corn straw, and it was equal to 16.22 MJI-kg™
(Niedziotka et al. 2015). Also, a research on the net calorific value of
pellets made of buckwheat hulls with admixture of potato pulp was per-
formed. The highest net calorific value was measured in the case of
buckwheat pellet. It equalled to 18.89 MJ-kg"'. With the increasing
amount of potato pulp compound the net calorific value of pellets was
decreasing, to reach the value of 17.95 MJ-kg, in the case of 30% pulp
content (Obidzinski et al. 2016).

Figure 1 depicts the specific density of the pellets. Statistical
analysis of the results showed that the pellets used in the research, despite
being varied in terms of the raw material composition, did not signifi-
cantly differ in terms of the specific density. Also the change of the ini-
tial moisture content, which ranged between 9% (for compound J) to
13.65% (in the case of compounds D, E and F) had no effect on the den-
sity of the pellets. However, in studies on the impact of varied moisture
content of hay (within a range between 28 and 44%) on the specific den-
sity of the produced pellets certain dependence was ascertained — with
the increase of the moisture content the specific density of pellets de-
creased.

At the same time, statistically significant differences were ob-
tained in the bulk density of the examined pellets (Fig. 2). The lowest
bulk density was determined for pellets of sample G, which were made of
rapeseed straw, spelt hulls and rapeseed cake. Despite the fact that com-
position of the pellet compound have no impact on its specific density,
statistically significant differences in the bulk density resulted from vary-
ing lengths of the pellets (Fig. 3).
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Fig. 1. Average specific density of the pellets with standard deviation
Rys. 1. Srednia gestos¢ wlasciwa peletow wraz z odchyleniem standardowym
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Fig. 3. Average length of the pellets with standard deviation
Rys. 3. Srednia dlugos¢ peletow wraz z odchyleniem standardowym

In the obtained results of the length measurements large standard
deviation was observed, which testifies to high dimensional large of the
pellets. The statistical differences was observed between B and I and C
and I pellets. Varied length of the pellets resulted also in the varied mass
of pellets. The statistical differences was observed also between pellets B
and I, D and B. This was identified during mass measurement of the in-
dividual pellets (Fig. 4). According to the European Norms bulk density
should be above 500 kg-m™ (Garcia-Maraver et al. 2011). Out of the test-
ed pellets only the ones obtained from soya bean hulls and rye straw
(sample D), wheat straw and soya bean hulls (sample E), and pellets of
sample I made of rapeseed straw and spelt straw on the base of rapeseed
cake complied with the specified standards. In so far completed studies
on pellets made of different raw materials their bulk density was meas-
ured. Pellets were made of bamboo with addition of pine or rice straw, or
of various kinds of straw (Liu et al. 2013, Liu et al. 2016). The bulk den-
sity of bamboo pellets increased with the increasing share of pine chips
or rice straw admixture. After adding pine chips the bulk density of the
pellet increased from 540 to 600 kg-m™ (Liu et al. 2013, Liu et al. 2016).
On the other hand, the bulk density of pellets made of straw was varied,
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depending on the straw kind or the composition of used compounds. The
highest bulk density characterised pellets made of corn straw and it was
equal to 566.9 kg-m™, while the ones made of wheat straw had the bulk
density of only 407.7 kg-m™ (Niedziotka et al. 2015).
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Fig. 4. Average mass of the pellets with standard deviation
Rys. 4. Srednia masa peletow wraz z odchyleniem standardowym

The mechanical strength of the obtained pellets varied depending
on the composition of their compound (Fig. 5). The highest strength
characterised the pellets from sample I (95.9%) made of rapeseed straw,
rapeseed cake and spelt hulls, while the lowest mechanical strength
(85.4%) was determined in the case of the pellets from sample C, which
were made of rapeseed straw and rapeseed cake. Statistically significant
differences in the mechanical strength of pellets were observed after add-
ing rapeseed cake to various kinds of straw. Pellets with rye straw in their
compound (sample A) were characterised by greater mechanical strength
(91.7%) than those with wheat straw composition (sample B — 87.7%), or
rapeseed straw one (sample C — 85.4%). After introduction of soya bean
hulls in the place of rapeseed cake the mechanical strength of pellets in-
creased and amounted to 93.6% for compounds with rye straw (sample
D), 94.0% for mixtures with wheat straw (sample E), and 90.2% for ones
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with rapeseed straw (sample F). In the research conducted by Liu et al.
(2013) mechanical strength of pellets made of bamboo and rice straw (at
a ratio of 2:3) was 99%. The mechanical strength of pellets made of
straw ranged between 96.1% in the case of rapeseed straw to 97.7% in
the case of compound of wheat and corn straw (Niedzidtka et al. 2015).
Additionally, an examination was made on the mechanical strength of
pellets made of wheat straw depending on the degree of straw pulveriza-
tion. On the basis of the results obtained, it was ascertained that the in-
creased particle size caused increased mechanical strength of pellets
made of wheat straw (Kashaninejad et al. 2014).
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Fig. 5. Average mechanical durability of the pellets with standard deviation
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The pellet crushing strength determined in accordance with the
agreed methodology varied for individual components (Fig. 6). Large
differences in the results attest biological diversity of the material. The
most resistant to compressive force turned out to be pellets from samples
A, G, and I with 50% of rye straw or rapeseed cake, and the pellets with
spelt hulls constituting 25% of the compound, which boosted the pellets
compressive strength, and without soya bean hulls, which, in turn, low-
ered the compressive strength of the pellets. Research carried out by oth-
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er authors on pellets compressive strength show that the highest re-
sistance characterises the pellets made of rye straw and corn straw,
somewhat smaller — the pellets made of rapeseed straw, and the lowest —
ones made of wheat straw (Starek et al. 2014). In a research on the im-
pact of size fraction of wheat bran on the compressive strength it was
ascertained that the greatest resistance distinguish the pellets made of
bran with the size of 0.5-1 mm. In turn, the pellets made of bran of the
size of 1 to 2 mm had the lowest resistance (Zawis$lak et al. 2014).
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Fig. 6. Average value of crushing force of the pellets with standard deviation
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The results of the cutting test of the produced pellets are presented
on Figure 7. Similarly to the case of crushing strength measurement,
there was a large variation in the results. The results for the pellet from
sample I, which was characterised by the highest cutting strength, proved
to be statistically significant. The pellets from I sample also had the high-
est resistance to crushing. Cutting tests performed by other researchers on
pellets made of pine and poplar sawdust showed dependence on the
moisture content during the process of compaction. In accordance to the
obtained results, the increased initial moisture content in the sawdust
decreased the cutting strength of the pellets (Millili & Schwartz 2008).
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The effect of used different kinds of straw on the quality of the pel-
let was processed by statistical software Statistica 10.0, using the one-way
analysis of variance (ANOVA) and Tukey's test. The results of statistical
analysis for the individual parameters are displayed in Table 4. Statistical-
ly, varied raw material composition of the pellets did not affect the specific
density thereof. Statistically significant differences were obtained for bulk
density, length, mass, mechanical strength, as well as crushing and cutting.
In conclusion, it can be inferred that the raw material composition has an
impact on the evaluated physical parameters of pellets.

Table 4. Analysis of variance (ANOVA)
Tabela 4. Analiza wariancji (ANOVA)

Source variables SS df MS F value Proi‘t;z;bll-
Specific density [kem?] | 1324669 | 9 |14718.54] 2.01617 | 0.039
Bulk density [kg-m’3] 40171.83 9 14463.536| 98.4473 0.00
Length [mm)] 884.38 9 198.26444| 3.12253 | 0.0015
Mass [¢] 3196023 | 9 |0.355114] 2.54857 | 0.0087
Mechanical durability [%] | 261.5939 9 129.06599| 135.528 0.00
Crushing force [N] 10180415 9 | 1131157 14.0318 0.00
Cutting force [N] 119843.0 9 113315.89| 8.57085 0.00
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4. Conclusions

On the basis of the carried out studies on the influence of different
raw materials used for production of pellets it was attested that statistical-
ly they do not affect the specific density of the pellets. However, there
are differences in the bulk density of the pellets. Only three of the sam-
ples comply with European Norms regarding the pellet bulk density
(samples: D, E and I). Further testing is necessary, in order to increase
bulk density through the introduction of other raw materials. The pellet
from sample I had the highest mechanical strength. It was made of rape-
seed straw, rapeseed cake and spelt hulls. The same pellet had the highest
crushing and cutting strength. When assessing the resistance to crushing
and cutting it was concluded that there are significant statistical differ-
ences depending on the kind of straw and other raw materials used for
pellet production. In terms of the analysed parameters pellet from sample
G, made of rapeseed straw, soya bean hulls and spelt hulls, was the low-
est rated one. The pellet from this sample had the lowest net calorific
value, high moisture content, low bulk density, and low mechanical
strength. Among the evaluated samples the highest rated were pellets
from sample D, made of rye straw and soya bean hulls, which had the
highest net calorific value of 17.89 MJ-kg™, and complied with European
standards in terms of bulk density, moisture content, and high mechanical
strength.
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Wplyw rodzajow stomy i dodatkow pochodzenia
roslinnego na fizyczne cechy peletow

Streszczenie

W pracy przedstawiono wyniki badan nad peletowaniem réznych rodza-
jow stomy z dodatkiem makuchu rzepakowego, tuski sojowej i tuski orkiszo-
wej. Uzyskane pelety poddano ocenie jakoSciowej badajac: wytrzymato$¢ me-
chaniczng peletow, site cigcia i zgniatania oraz podstawowe wiasciwosci fi-
zyczne. Otrzymane wyniki porownano z normg jakosciowa ISO 17225-6:2014
oceniajac ich przydatnos¢ dla przemystu. Wyniki opracowano statystycznie
stwierdzajgc zalezno$ci wplywu dodatkow i stomy na badane parametry.

Z badan wynika, ze wilgotno$¢ mieszanek w procesie peletowania mie-
Scita si¢ w przedziale od 9,0 do 13,65%, a peletéw — 7,31-11,45%. Warto$¢
opatowa otrzymanych peletow byta zr6znicowana w niewielkim stopniu (15,85-
17,89 MJ-kg™). Najmniejsza zawartos¢ popiotu wyniosta dla peletu wytworzo-
nego ze stomy zytniej i tuski sojowej (4,06%), a najwigksza dla peletu ze stomy
rzepakowej i makuchu rzepakowego (5,17%). Rodzaj stomy wraz z zastosowa-
nymi dodatkami nie wplynal na gestos¢ witasciwg peletéw. Otrzymano nato-
miast zréznicowanie w gestosci nasypowej. Pelety uzyskane ze stomy rzepako-
wej z dodatkiem tuski orkiszowej i makuchu rzepakowego posiadaty najnizsza
gestosé nasypowa (380,9 kg-m™). Tylko pelety uzyskane ze stomy zytniej
i tuski sojowej, stomy pszennej i tuski sojowej oraz pelety uzyskane ze stomy
rzepakowej i tuski orkiszowej na bazie makuchu rzepakowego posiadaly ge-
stos¢ nasypowa powyzej 500 kg-m™.

Najwyzszg wytrzymato§¢ mechaniczna posiadaty pelety, wytworzone
ze stomy rzepakowej z dodatkiem makuchu rzepakowego i tuski orkiszowe;j
(95,9%), dla ktoérych uzyskano réwniez najwyzsza odporno$¢ na Sciskanie
(1222,2 N) oraz sile ciecia (136,6 N). Pod wzgledem analizowanych parame-
trOw najnizej oceniono pelety, wykonane ze slomy rzepakowej z dodatkiem
makuchu rzepakowego i tuski orkiszowej. Posiadaty one najnizsza warto$¢ opa-
towa (15,85 MJ-kg"), wysoka wilgotno$é (11,45%), malg gesto$é usypowa
(390,8 kg:m™) oraz wytrzymalo$¢ mechaniczng (89,4%). Najkorzystniejsze
z ocenianych peletow okazaty si¢ pelety, ze stomy zytniej i tuski sojowej o naj-
wyzszej wartosci opatowej 17,89 MJ-kg™.
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Abstract

The paper presents the results of a research on pelletizing different
kinds of straw with admixture of rapeseed cake, soya bean hulls and spelt hulls.
Obtained pellets were qualitatively assessed by examining: mechanical strength
of the pellets, cutting and crushing strength, and basic physical characteristics.
The results were compared with the ISO 17225-6:2014 quality standard in order
to assess their suitability for industry. The results were statistically processed to
determine the effects the particular admixtures and straw kinds had on the test
parameters.

The research testifies that moisture content of mixtures during the
pelletizing process ranged between 9.0 and 13.65%, however pellets — 7.31-
11.45%. The net calorific value of the produced pellets varied to a small extent
(15.85-17.89 MJ-kg™"). The lowest ash content was measured for pellet made of
rye straw and soya bean hulls (4.06%), and the highest for pellet made of rape-
seed straw and rapeseed cake (5.17%). The various kinds of straw with applied
compounds do not affect the specific density of the pellets. However, the ob-
tained bulk density varied. The pellets obtained from rapeseed straw with spelt
hulls and rapeseed cake compounds had the lowest bulk density (380.9 kg-m™).
Only the pellets made of soya bean hulls and rye straw, wheat straw and soya
bean hulls, and the ones made of rapeseed straw and spelt hulls and based on
rapeseed cake had bulk density > 500 kg-m™.

The highest mechanical strength was measured for the pellets made of
rapeseed straw with admixture of rapeseed cake and spelt hulls (95.9%), for which
also the highest crushing strength (1222.2 N) and cutting strength (136.6 N) were
obtained. Considering the analysed parameters, the pellets made of rapeseed straw
with rapeseed cake and spelt hulls admixture received the lowest ratings. They were
characterised by the lowest net calorific value (15.85 MJ-kg™), high moisture con-
tent (11.45%), low bulk density (390.8 kg-m™) and low mechanical strength
(89.4%). Out of the examined pellets, the one made of rye straw and soy bean
hulls had the highest net calorific value of 17.89 MJ-kg™' and received the high-
est ratings.

Stowa kluczowe:
biomasa roslinna, pelety, cechy fizyczne i energetyczne

Keywords:
plant biomass, pellets, energetic and physical properties
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