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Abstract

LUDÍN DAVID, BURG PATRIK, KRAKOWIAK-BAL ANNA, VIŠACKI VLADIMIR. 2016. 
The Possibilities of Using Marc for Manufacturing Pellets for Energy Purposes.  Acta Universitatis 
Agriculturae et Silviculturae Mendelianae Brunensis, 64(3): 841–846.

The contribution describe the possibilities of using marc for manufacturing pellets for energy 
purposes. Experiments associated with pellet production were performed in several variants. 
Biomass pellet variants consisted of diff erent percentages of vine shoots from vineyards, as well as 
marc and hay. These test variants were measured for their calorifi c value, which ranged between 17.36 
and 19.21 MJ.kg−1. Bulk density was also determined, ranging between 619.27 and 630.9 kg.m−3. Pellets 
produced with marc content were also tested for mechanical durability, which was between 96.15 and 
96.82% for the test variants. The calorifi c value, alongside other parameters assessed, shows favourable 
characteristics towards use in combustion processes. The results obtained show that in terms of the 
parameters analysed, marc pellets could be an attractive commodity for combustion.

Keywords: vineyard, grape pomace, calorifi c value, pellets, bulk density, mechanical durability 
of pellets

INTRODUCTION 
The current global energy system is based mainly 

on the use of fossil fuels. The growing energy 
consumption, high dependency on fossil fuels and 
negative impact on the environment have lead the 
European Union to re-evaluate its energy policy and 
strategies while adopting a number of measures. 
These measures are directed mainly towards using 
renewable energy sources, decreasing carbon 
dioxide emissions, decreasing the dependency 
on imported energy sources, diversifying energy 
sources and increasing international cooperation 
(Berndes et al., 2003; Mantzos and Capros, 2006). The 
EU strategies relating to renewable energy include 
mainly the use of biomass, which by 2020 should 
represent more than 50 % of total renewable energy 
sources in the EU-27 countries (Bentsen and Felby, 
2012). 

Prozil (2012) states that biomass from forestry and 
agriculture is fi nding use as an alternative energy 

source mainly in household heating and electricity 
production. In recent years, attention is being 
directed more and more towards the use of waste 
biomass from viniculture and wine-making, which 
represent a signifi cant production sector in the EU 
(Freppaz et al., 2004; Baydar et al., 2007; Miranda 
et al., 2011). Waste products produced regularly 
every year in large amounts include vine shoots 
a� er winter cutting of grapevine and marc produced 
during grape processing (Walg, 2007; Tangolar et al., 
2009). 

An interesting alternative in the use of these 
resources in the area of bioenegetics is their 
pelletization. To obtain quality pellets, it is necessary 
to respect the mutual ratios of the input materials 
and their moisture content, which must not be 
higher than 14% (Burg et al., 2015). Pastorek et al. 
(2004) states that the materials must be suffi  ciently 
homogenized and disintegrated.
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Pellets are pressed at high pressure on extrusion 
breakers or can be produced on granular foodstuff  
production lines (Allen et al., 1998).

The energy requirements for pelletization 
depend on the production technology, especially 
the output of the pellet production line. From the 
input material, in which approximately 3.6 kWh 
(1.6–1.8 kg) of energy is accumulated, it is possible 
to produce 1 kg of pellets with a calorifi c value of 
4.8 kWh.kg−1 (McCormick and Kåberger, 2007).

The goal of the study is to explore the possibilities 
of using marc for pellet production for energy 
purposes and evaluate their selected mechanical-
physical properties. 

MATERIALS AND METHODS

Chemical Analysis of the Elemental 
Composition of Marc

The elemental composition, ash content, 
moisture content and sulphur content of vine 
shoot biomass were determined according to 
EN 15104:2010, EN 14775:2009 and EN 14774-
1:2009 standards using a TOC/TN analyser multi 
N/C 2100S with HT 1300 furnace and Trace GC ultra 
gas chromatograph.

Characteristics of the Pellet Production Line
The pellet production made use of an MGL 400 

pellet production line consisting of a screw dosing 
device with closed funnel, a stirrer, a pellet press, 
a pellet sorter with a cooler, a suction system and an 
electric switchboard. The electric input power of the 
MGL 400 line is 19 kW, power output when using 
6 mm holes in the matrix is between 80 to 280 kg.h−1 
depending on the type of the processed material.

Determination of the Heat of Combustion 
and Calorifi c Value

One of the most important parameters of biomass 
are the heat of combustion value and the calorifi c 
value. Determination of the heat of combustion for 
solid biofuels is performed according to the 
ČSN P CEN/TS 14918 and DIN 51 900-3 standards. 
The principle lies in the determination of the 
heat of reaction, which is released during the 
combustion of solid biofuels. Based on Hess’s law, 
which determines the relationship between the 
heat of reaction and heat of formation, and on the 
knowledge of the composition of the fuel and its 
products of combustion, we can then calculate the 
heat of combustion and the calorifi c value of the 
fuel. 

In the evaluated samples of pellets, dry matter 
determination was performed according to the 
ČSN EN 14346 standard. Dry matter determination 
made use of the LMH 07/12 muffl  e furnace. For the 
determination of the heat of combustion, an Anton 
Parr MCR 6400 calorimeter was used. Accurate 
measurement of the weight of the sample to be 

combusted was performed using analytical balance 
Ohaus Adventurer Pro AV264C. 

The heat of combustion values obtained were 
converted to the calorifi c value using relation (1):

Qr
i = Qr

s − . (Wr
t + 8.94 . Hr

t) [MJ.kg−1], (1)

where
Qr

s ........heat of combustion of the original sample 
[MJ.kg−1],

 ...........coeffi  cient corresponding to the heating 
and evaporation of 1% H2O [MJ.kg−1] at 
a temperature of 25 °C;  = 0.02442 MJ.kg−1,

8.94 .....coeffi  cient of the conversion of hydrogen 
weight to water [–],

Wt
r .......total water content in the original sample [%],

Ht
r ........hydrogen content in the original sample [%].

Determination of the Mechanical Durability 
of the Pellets

Mechanical durability measures the durability 
of pressed fuels against impact or abrasion due to 
handling and transport. The test sample of pellets 
was subjected to controlled impacts against the 
walls of a chamber in a rotating testing drum. 
From the weight of the sample which remains a� er 
removing the abraded or fi nely crushed particles, 
the mechanical durability is calculated.

Samples for the determination of mechanical 
durability are taken in accordance with CEN/TS 
14778 and are distributed via quartation according 
to CEN/TS 14780 into 4 equal portions. The 
minimum permissible weight of the sample is 
2.5 kg. One portion is used for the determination of 
the total water content in accordance with CEN/TS 
14774, part 1 or 2. The two remaining portions are 
weighed and manually si� ed through a sieve; the 
undersize is separated Si� ing is performed in such 
a way as to separate the fi ne particles but prevent 
the creation of new ones during the process. This is 
usually achieved by shaking 1 to 1.5 kg of the sample 
portion and rotating a sieve with a 400 mm diameter 
fi ve to ten times. The amount of pellets on the sieve 
is weighed and the original amount of particles in 
the samples which passed through the 3.15 mm 
sieve is calculated and expressed as a mass fraction 
in %.

The retrieved test portion of si� ed pellets, weighed 
with a 0.1 g accuracy is placed into a rotary drum 
and rotated 500 times at a speed of 50 rpm. A� er 
completion, the sample is taken out and manually 
si� ed through a sieve. The same procedure as with 
the fi rst si� ing is followed; the only diff erence is that 
shaking is performed with 0.5 kg of the test portion. 
The si� ing must be complete. The sample on the 
sieve is weighed and the percentage of whole pellets 
is calculated.

The mechanical durability is expressed by 
equation (2):

100p
o

k

m
M

m
  , (2)
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where
Mo .......mechanical durability [%],
mp .......weight of the si� ed pellets before rotation in 

the drum [g],
mk .......weight of the si� ed pellets a� er rotation in 

the drum [g].

Determination of the Total Bulk Density
Bulk density along with the calorifi c value is 

used for the determination of energy density. 
This in practice allows the evaluation of the 
required storability or space requirements during 
transport. Determination of the bulk density is 
performed according to ČSN P CEN/TS 15103. 
It is the determination of the weight of biomass 
a� er pouring into a standardized container and 
weighing. Therefore, when determining the bulk 
density, it must be taken into account whether the 
test is conducted for pellets or briquettes, which 
diff er from each other in size. Based on this, it is also 
necessary to obtain a container of proper size, and 
suitable scales. Bulk density is expressed in kg.m−3.

RESULTS AND DISCUSSION
Tab. I lists the median values of the elemental 

composition of the evaluated mixed samples 
of marc from white must grapevine varieties. 

The moisture content of the analysed samples of 
marc was between 8.86 and 9.51% a� er drying.

Marc was used as one of the input raw materials 
for the production of pellets along with vine 
cuttings and hay. The experiment was performed in 
3 variants with diff erent amounts of these materials, 
as shown in Tab. II. Before fi lling into the hopper, 
the materials were fi rst ground using a stationary 
grinder SG–3060 with output of up to 220 kg.h−1. 
The pellet production line reached an output of 110 
to 128 kg.h−1.

Representative pellet samples from individual test 
variants were retrieved and analysed using an Anton 
Parr MCR 6400 calorimeter. The measured heat of 
combustion values were then used to calculate the 
calorifi c value of the pellets, as shown in Tab. III. 

To evaluate the conclusiveness of the diff erences 
between the test variants evaluated, a variance 
analysis was performed (signifi cance level  = 0.05). 
Tukey’s HSD test was employed as a subsequent 
testing method with signifi cance level  = 0.05. The 
results of the statistical evaluation (Tab. IV, Fig. 1) 
show that the infl uence of marc on the calorifi c 
value of pellets is statistically signifi cant. 

The results indicate that pellets consisting 60% 
of marc, 20% of vine shoots and 20% of hay have an 
average calorifi c value of 19.22 MJ.kg−1. The second 
highest calorifi c value is in pellets made 50% of 
marc, 25% of vine shoots and 25% of hay, reaching an 

I: Median values of the elemental composition of marc 

Variety C [%] H [%] O [%] N [%] S [%] ash [%]

Mixed sample of white varieties 52.91 5.88 34.20 0.51 3.90 2.19

II: Amount of individual materials in the selected mixture

Variant Marc share [%] Shoots share [%] Hay share [%]

1 60 20 20

2 50 25 25

3 40 30 30

III: Calorifi c values of pellets

Material composition of pellets
Calorifi c value [MJ.kg−1]

1. repetition 2. repetition 3. repetition Average Standard deviation

Variant 1 19.2171 19.3866 19.0510 19.2188 0.34

Variant 2 18.0595 18.0538 18.9821 18.36513 0.10

Variant 3 17.4954 17.5780 17.0131 17.36217 0.06

IV: Subsequent testing method – Tukey’s HSD

Number

Tukey’s HSD test; Variable 2 (Tab. I) 
Error: intergroup mean square = 0.13558, degrees of freedom = 6,0000

Variable 1 Variant 1
19.218

Variant 2
18.365

Variant 3
17.362

1 1 0.066718 0.002187**

2 2 0.066718 0.036233*

3 3 0.002187** 0.036233*

Note: * indicates signifi cantly diff erent pairs; ** indicates very signifi cantly diff erent pairs 
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average value of 18.37 MJ.kg−1. The lowest calorifi c 
value, 17.36 MJ.kg−1, was measured in pellets 
consisting of 40% marc, 30% vine shoots and 30% hay.

For example, Ping et al. (2011) performed 
a determination of the calorifi c value of pellets 
made of vine stalk. The results have shown that 
these pellets have a calorifi c value of 16.7 MJ.kg−1, 
which is lower than that obtained from so�  wood, 
18.2 MJ. kg−1. Van Loo (2003) assessed the calorifi c 
value of pellets depending on the waste material 
used. The measured calorifi c value of pellets 
made of peat was 20.3 MJ.kg−1, from wheat straw 
17.23 MJ. kg−1 and from spruce 18.69 MJ.kg−1.

Pellets produced with marc content were also 
tested for mechanical durability. This test is 
one of the most important parameters. All the 
measurements were performed in the accredited 
laboratory of the Crop Research Institute in Prague. 
When handling pellets, chips and dust particles 
may be created which lead to unstable combustion; 
dust particles also increase the risk of explosion. In 
accordance with proper methodology, the pellets 
were weighed, si� ed and placed in a testing drum, 
where mechanical abrasion was performed. Three 
samples of each variant of the pellets produced were 
tested. The results of the samples were added up and 
the arithmetic mean was determined. The results 
were substituted into formula (2) for the calculation 

of mechanical durability and the values for 
mechanical durability of the individual pellet types 
were calculated for Austrian and Czech standards 
(Tab. V). 

The abrasion of pellets should not exceed 2.3% of 
the weight for DIN 51731, DIN Plus and ÖNORM 
M7135 and the mechanical durability according to 
ČSN P CEN/TS 15210 should not be less than 90%. 
According to ČSN EN 14961-2 Solid biofuels – Fuel 
specifi cations and classes – Part 2: Wood pellets 
for non-industrial use, an acceptable mechanical 
durability is 96.5%. The results indicate that the 
pellets based on the mixture Variant 1 a 2 produced 
from marc fulfi l these requirements. Sladký et al. 
(2002) states that marc is responsible for better 
cohesiveness of pellets and prevents the breakdown 
of the material during the pressing process thanks 
to the cellulose content in the skins. Annamalai 
et al. (1987) and Miranda et al. (2011) state that with 
increasing share of marc in pellets, the ash content 
decreases. On the other hand, pellets with higher 
marc content show higher values of fi xed carbon. 

Maga (2008) states that an important parameter 
of pellets in terms of their requirements for storage 
capacity is the bulk density, which is usually around 
550 to 750 kg.m−3. The results of the evaluation 
of bulk density in the pellets studied are listed in 
Tab. VI.

1: Graphical representation of the average pellet calorific values

V: Pellet mechanical durability values

Pellets based on the mixture used
Mechanical durability (%) by

Austrian standard ČSN EN 15210-2

Variant 1 98.30 96.82

Variant 2 98.15 96.69

Variant 3 97.68 96.15
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VI: Bulk density values

Material composition of pellets
Bulk density [kg.m−3]

1. repetition 2. repetition 3. repetition Average Standard deviation

Variant 1 615.3 635.5 646.7 630.9 15.9

Variant 2 615.7 621.7 620.4 619.27 3.16

Variant 3 620.1 625.4 618.6 621.37 3.57

REFERENCES 
ALLEN, J., BROWNE, M., HUNTER, A., BOYD, J. 

and PALMER, H. 1998. Logistics managementand 
costs of biomass fuel supply. Int. J. Phys. Distr. Log. 
Manage, 28: 463–477.

ANNAMALAI, K., SWEETEN, J. M. and 
RAMALINGAM, S. C. 1987. Estimation of 
grossheating values of biomass fuels. Transactions 
of the ASAE, 30(4): 1205–1208.

BAYDAR, N. G., ÖZKAN, G. and ÇETIN, E. S. 2007. 
Characterization of grape seed and pomace oil 
extracts. Grasas y Aceites, 58(1): 29–33. 

BENTSEN, N. and FELBY, C. 2012. Biomass for energy 
in the European Union – a review of bioenergy resource 
assessments. Biotechnology for Biofuels, 5: 25.

BERNDES, G., HOOGWIJK, M. and VAN DEN 
BROEK, R. 2003. The contribution of biomass 
in the future global energy supply: a review of 
17 studies. Biomass Bioenergy, 25(1): 1–28.

BURG, P., ZEMÁNEK, P. and MAŠÁN, V. 2015. Usage 
of waste products from growing and wine production 
for enegergy purposes [in Czech: Využití odpadních 
produktů z vinohradnické a vinařské produkce 
pro energetické účely]. Folia Univ. Agric. Silvic. 
Mendelianae Brun., VIII(4). 1st edition. Brno: 
Mendel University in Brno.  

ČNI. 1999. Solid fuels – Determination of gross calorifi c 
calorimetric method in pressure vessel and calculate calorifi c 
value [in Czech: Tuhá paliva – stanovení spalného tepla 
kalorimetrickou metodou v tlakové nádobě a výpočet 
výhřevnosti]. ČSN ISO 1928. Český normalizační 
institut.

ČNI. 2004. Solid biofuels – Determination of moisture 
content [in Czech: Pevná biopaliva – Metody stanovení 
obsahu vody]. ČSN CEN/TS 14774. Praha: Český 
normalizační institut.

ČNI. 2005. Solid biofuels – Sampling. Methods for sampling 
[in Czech: Tuhá biopaliva – Vzorkování. Metody 
vzorkování]. ČSN CEN/TS 14778. Praha: Český 
normalizační institut.

ČNI. 2006a. Solid biofuels – Methods for sample preparation 
[in Czech: Tuhá biopaliva – Metody přípravy vzorku]. 
ČSN CEN/TS 14780. Praha: Český normalizační 
institut.

ČNI. 2006b. Solid biofuels – Methods for the determination 
of bulk density [in Czech: Tuhá biopaliva – Metody 
stanovení sypné hmotnosti]. ČSN P CEN/TS 15103. 
Praha: Český normalizační institut.

ČNI. 2006c. Solid biofuels – Method for the determination 
of calorifi c value [in Czech: Tuhá biopaliva – Metoda 
stanovení spalného tepla a výhřevnosti]. ČSN P CEN/TS 
14918. Praha: Český normalizační institut.

ČNI. 2007. Characterization of waste – Calculation of dry 
matter and water content [in Czech: Charakterizace 
odpadů – Výpočet sušiny a obsahu vody] ČSN EN 
14346. Praha: Český normalizační institut.

GERMAN INSTITUTE FOR STANDARDIZATION. 
2010. Solid biofuels –Determination of ash content. DIN 
ISO 14775. Berlin: Beuth Verlag.

GERMAN INSTITUTE FOR STANDARDIZATION. 
2010. Solid biofuels –Determination of carbon, hydrogen 
and nitrogen – Instrumental methods. DIN ISO 15104. 
Berlin: Beuth Verlag.

FREPPAZ, D., MINCIARDI, R., ROBBA, M. et al. 
2004. Optimizing forest biomass exploitation for 
energy supply at a regional level. Biomass Bioenergy, 
26(1): 15–25.

HAMELINCK, C. N., SUURS, R. A. A. and FAAIJ, A. 
P. C. 2005. International bioenergy transport costs 
and energy balance. Biomass Bioenergy, 29(2): 114–
134.

MAGA, J. 2008. A comprehensive model of using biomass 
for energy purposes [in Slovak: Komplexný model 

CONCLUSION
Pellet production has a number of ecologically and economically positive aspects. Aside from the 
obvious economically positive balance, pelletization allows the use of waste which would otherwise 
end up in a dump or would remain unused. The aim of the study was to study the possibility to use 
marc for the production of pellets for energy purposes and asses their selected mechanical-physical 
properties. An analysis of pellets consisting of a mixture of marc, vine cuttings and hay was performed. 
The results obtained show that the highest calorifi c value (19.22 MJ.kg−1) is achieved by pellets 
consisting of 60% marc, 20% vine cuttings and 20% hay. The results have confi rmed the hypothesis 
that the calorifi c value of pellets is dependent on their quality and composition. The calorifi c value, 
alongside other parameters assessed, shows favourable characteristics towards use in combustion 
processes. The results obtained show that in terms of the parameters analysed, marc pellets could be 
an attractive commodity for combustion.



846 David Ludín, Patrik Burg, Anna Krakowiak-Bal, Vladimir Višacki

využitia biomasy na energetické účely]. 1st edition. Nitra: 
SPÚ in Nitra.

MANTZOS, L. and CAPROS, P. 2006. European 
Energy and Transport – Scenarios on energy 
effi  ciency and renewables. [Online]. Brussels: 
Directorate-General for Energy and Transport. 
Available at: http://ec.europa.eu/energ...s/ee_and_
res_scenarios.pdf. [Accessed: 2006, July 12].

MCCORMICK, K. and KÅBERGER, T. 2007. 
Key barriers for bioenergy in Europe: 
economicconditions, know-how and institutional 
capacity, and supply chain co-ordination. Biomass 
Bioenergy, 31(7): 443–452.

MIRANDA, M. T., ARRANZ, J. I., ROMÁN, S. et al. 
2011. Characterization of grape pomace and 
pyrenean oak pellets. Fuel Processing Technology, 
92(2): 278–283.

PASTOREK, Z., KÁRA, J. and JEVIČ, P. 2004. Biomass 
[in Czech: Biomasa]. 1st edition. Prague: FCC public 
s. r. o. 

PING, L., BROSSE, N., SANNIGRAHI, P. et al. 2011. 
Evaluation of grape stalks as a bioresource. Ind. 
Crop. Prod., 33(1): 200–204.

PROZIL, S. O., EVTUGUIN, D. V. and LOPES L. P. 
C. 2012. Chemical composition of grape stalks of 
Vitis vinifera L. from red grape pomaces. Industrial 
Crops and Products, 35(1): 178–184.

SLADKÝ, V., DVOŘÁK, J. and ANDERT, D. 2002: 
Renewable energy: phytofuels [in Czech: Obnovitelné 
zdroje energie: fytopaliva]. 1st edition. Praha: VÚZT.

TANGOLAR, S. G., OZOGUL, Y., TANGOLAR, S. 
et al. 2009. Evaluation of fatty acid profi les and 
mineral content of grape seed oil of some grape 
genotypes. International journal of food sciences and 
nutrition, 60(1): 32–39. 

VAN LOO, S. and KOPPEJAN, J. 2003. Handbook of 
biomass combustion and co-fi ring. London: Earthscan.

WALG, O. 2007. Handheld book of viticulture machinery 
[in German: Taschenbuch der Weinbautechnik]. 
2nd edition. Kaiserslautern: Rohr–Druck. 

Contact information

David Ludín: david.ludin@seznam.cz



<<
  /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


