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1. Introduction 

Due to climate change and growing problems associated with the 
emission of excessive amounts of CO2, 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 (Callejón-Ferre et 
al. 2011, Ibrahim et al. 2008, Hlavatá 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, Sypuła et. al 2010, Lisowski et. Al 2015, Wzorek & 
Krupa-Żuczek 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, Ståhl & 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-1 (Mc Kendry 2002, Ståhl & 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%) (Ståhl 
& 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 105C 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 surowców roślinnych i wytworzonych peletów 

Type of straw Straw mass 
fraction [%]

Other  
compounds

Additive mass 
fraction [%]

Pellet  
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 straw 50 Rapeseed cake 25
G 

Spelt hulls 25

Rapeseed straw 50 Soya bean hulls 25
H 

Spelt hulls 25

Rapeseed straw 25 Rapeseed cake 50
I 

Spelt hulls 25

Rapeseed straw 25 Soya bean hulls 50
J 

Spelt hulls 25
 

Table 2. Average particle size and ash content in raw material 
Tabela 2. Średni rozmiar cząstek i zawartość popiołu 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 5.49
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 dm3 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-1 (±0.1 rpm·min-1), 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-1 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  = 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-



Impact of Various Kinds of Straw and Other… 275
 

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 peletów 

Pellet  
designation 

Moisture content 
of mixtures before 

pelleting [%] 

Pellets  
moisture 

content [%]

Calorific value 
[MJ·kg-1] 

Ash 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 4.95 
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-1), and the highest  for pellets from sample D, 
made of rye straw and soya bean hulls (17.89 MJ·kg-1). In accordance 
with ISO standard 17225-6:2014, net calorific value of pellet should be 
within a range of 16.5-19.0 MJkg-1. 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 MJ·kg-1 
(Niedziółka 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-1. 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-1, in the case of 30% pulp 
content (Obidziński 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. Średnia gęstość właściwa peletów wraz z odchyleniem standardowym  

 
 

 
*the same letter stands for the lack of significant difference between mean 

values within given group at significance level =0.05 

Fig. 2. Average bulk density of the pellets with standard deviation  
Rys. 2. Średnia gęstość nasypowa peletów wraz z odchyleniem standardowym  
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*the same letter stands for the lack of significant difference between mean 

values within given group at significance level =0.05 

Fig. 3. Average length of the pellets with standard deviation  
Rys. 3. Średnia długość peletów wraz z odchyleniem standardowym  
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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 kgm-3, while the ones made of wheat straw had the bulk 
density of only 407.7 kgm-3 (Niedziółka et al. 2015). 

 
*the same letter stands for the lack of significant difference between mean 

values within given group at significance level =0.05 

Fig. 4. Average mass of the pellets with standard deviation  
Rys. 4. Średnia masa peletów wraz z odchyleniem standardowym  
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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 (Niedziółka 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). 

 
*the same letter stands for the lack of significant difference between mean 

values within given group at significance level =0.05 

Fig. 5. Average mechanical durability of the pellets with standard deviation  
Rys. 5. Średnia wytrzymałość mechaniczna peletów wraz z odchyleniem 
standardowym  
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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 (Zawiślak et al. 2014). 

 
*the same letter stands for the lack of significant difference between mean 

values within given group at significance level =0.05 

Fig. 6. Average value of crushing force of the pellets with standard deviation  
Rys. 6. Średnia wartość siły zgniatania peletów wraz z odchyleniem  
standardowym  
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*the same letter stands for the lack of significant difference between mean 

values within given group at significance level =0.05 

Fig. 7. Average value of cutting force of the pellets with standard deviation  
Rys. 7. Średnia wartość siły cięcia peletów wraz z odchyleniem standardowym  
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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-1, and complied with European 
standards in terms of bulk density, moisture content, and high mechanical 
strength. 
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Wpływ rodzajów słomy i dodatków pochodzenia 
roślinnego na fizyczne cechy peletów 

Streszczenie 

W pracy przedstawiono wyniki badań nad peletowaniem różnych rodza-
jów słomy z dodatkiem makuchu rzepakowego, łuski sojowej i łuski orkiszo-
wej. Uzyskane pelety poddano ocenie jakościowej badając: wytrzymałość me-
chaniczną peletów, siłę cięcia i zgniatania oraz podstawowe właściwości fi-
zyczne. Otrzymane wyniki porównano z normą jakościową ISO 17225-6:2014 
oceniając ich przydatność dla przemysłu. Wyniki opracowano statystycznie 
stwierdzając zależności wpływu dodatków i słomy na badane parametry.  

Z badań wynika, że wilgotność mieszanek w procesie peletowania mie-
ściła się w przedziale od 9,0 do 13,65%, a peletów  7,31-11,45%. Wartość 
opałowa otrzymanych peletów była zróżnicowana w niewielkim stopniu (15,85-
17,89 MJ·kg-1). Najmniejsza zawartość popiołu wyniosła dla peletu wytworzo-
nego ze słomy żytniej i łuski sojowej (4,06%), a największa dla peletu ze słomy 
rzepakowej i makuchu rzepakowego (5,17%). Rodzaj słomy wraz z zastosowa-
nymi dodatkami nie wpłynął na gęstość właściwą peletów. Otrzymano nato-
miast zróżnicowanie w gęstości nasypowej. Pelety uzyskane ze słomy rzepako-
wej z dodatkiem łuski orkiszowej i makuchu rzepakowego posiadały najniższą 
gęstość nasypową (380,9 kgm-3). Tylko pelety uzyskane ze słomy żytniej 
i łuski sojowej, słomy pszennej i łuski sojowej oraz pelety uzyskane ze słomy 
rzepakowej i łuski orkiszowej na bazie makuchu rzepakowego posiadały gę-
stość nasypową powyżej 500 kgm-3.  

Najwyższą wytrzymałość mechaniczną posiadały pelety, wytworzone 
ze słomy rzepakowej z dodatkiem makuchu rzepakowego i łuski orkiszowej 
(95,9%), dla których uzyskano również najwyższą odporność na ściskanie 
(1222,2 N) oraz siłę cięcia (136,6 N). Pod względem analizowanych parame-
trów najniżej oceniono pelety, wykonane ze słomy rzepakowej z dodatkiem 
makuchu rzepakowego i łuski orkiszowej. Posiadały one najniższą wartość opa-
łową (15,85 MJ·kg-1), wysoką wilgotność (11,45%), małą gęstość usypową 
(390,8 kgm-3) oraz wytrzymałość mechaniczną (89,4%). Najkorzystniejsze 
z ocenianych peletów okazały się pelety, ze słomy żytniej i łuski sojowej o naj-
wyższej wartości opałowej 17,89 MJ·kg-1. 
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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-1). 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 kgm-3). 
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 kgm-3.  

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-1), high moisture con-
tent (11.45%), low bulk density (390.8 kgm-3) 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-1 and received the high-
est ratings. 
 
Słowa kluczowe: 
biomasa roślinna, pelety, cechy fizyczne i energetyczne 

Keywords:  
plant biomass, pellets, energetic and physical properties 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


