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Abstract: Density of bio fuel – of energy chips from dendromass of Populus plantation-grown coppice. This 
article presents the results of works which determine density of chips, juvenile wood and juvenile bark in a dry 
condition on the basis of dendromass of fast growing wood species grown on plantations Populus trees at the end 
of 5 year growing cycle. The work also contains data reflecting bulk density of chips from analysed wood 
species made on a chopping machine JUNKKARI HL 10, at relative humidity of poplars at harvest.  
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INTRODUCTION
In the last three decades, in order to increase the production of wood biomass for 

energy purposes, there was established number of plantations of short rotation coppices, with 
a production of wood biomass reaching at least 10 t per 1 ha per year. According to the 
research papers by: Varga and Godó (2002), Janda ka et al. (2007), Mala ák and Vaculík
(2008), Liebhart (2010), Otepla and Habán (2011) the most suitable short rotation coppices 
grown on plantations for energy purposes in Central Europe are Robinia pseudoacacia L., 
various clones of Populus, Salix alba L. and various Salix viminalis clones. 

According to the method of the plantations founding and the growing period of trees, 
plantations of fast-growing trees are divided to plantations with collection time under 5 years 
(mini rotation), from 5 to 10 years (midi rotation) and from 10 to 20 years (maxi rotation),   
Simanov (1995). The goal of dendromass production on plantations with collection time of 10 
to 20 years is the production of fibre for cellulose and paper industry, feedstock for 
chipboards and branches for chips for energy sector.

The document presents results of experimental works which set a density of juvenile 
wood, density of juvenile bark and energy chips made from dry wicker from plantation grown 
clones Max 4, Max 5, Oxford, AF 2, Monviso fast growing wood Populus trees at the end of 5 
year growing cycle and bulk density of energy chips with humidity during collecting. 

MATERIAL AND METHODS 
Samples of energy chips were collected at 5-year mining plantation grown trees stand 

Populus clones Max 4, Max 5, Oxford, from research station Kunovice and AF 2, Monviso 
from Alesie Franco of village Marchegg. The collection was realized during winter with  
a mower Finnish mobile manufacturing type: JUNKKARI HJ 10. 

The density of juvenile wood, juvenile bark and energy chips produced from wicker of  
plantation grown Populus in dry conditions was set according to STN 49 0108. 

Wood - Density detecting. Density of juvenile wood, juvenile bark as well as of the 
chip mass was calculated – out of measured weight values of a sample and sample volume – 
according to the formula: 
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 Where:  
   m0 – weight of dry sample [kg], 

   V0 – volume of dry sample [m3]. 

Relative humidity of energy chips was set according STN EN 14774 – 2 Solid bio 
fuel. – Determination of humidity capacity. Values of relative humidity of individual samples 
were calculated using following formula: 
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 Where: 
   mw – sample weight before exsiccation [g]. 
   m0 – sample weight after exsiccation to a constant weight [g]. 

The share of bark in green wood chips of individual Populus clones was determined in 
a laboratory, according to the norm STN 48 0058:2004 Assortments of wood. Chips and 
sawdust of hardwood. The share of bark in the sample was calculated using the formula: 
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 Where: 
   mB – weight of bark in the chips sample [g], 
   mCh – weight of the chips sample [g]. 

Bulk density of energy chips of Populus wood clones Max 4, Max 5, Oxford with 
humidity during collection time was set laboratory at the Technical University in Zvolen, 
Department of Woodworking, in terms of STN EN 15103:2010. The calculation of the bulk 
density with volume compression of the sample which is in a measure bin after multiple 
shaking of energy chips is described by a formula: 
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 Where: 
   m2 – weight of a measure bin filled with joggled bio fuel [kg], 
           m1 – weight of an empty measure bin [kg], 
           V – volume of a measure bin [m3]. 

RESEARCH RESULTS 
Results of laboratory works setting a density of chips 0Ch (wood and bark mixture),  

density of juvenile wood 0JW, density of juvenile bark 0JB and in dry conditions, middle 
values of relative humidity, share of bark and bulk density of Populus individual clones,  are 
shown in a table 1, 2, 3, 4, 5. 
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Tab. 1 Basic statistical characteristics of density of juvenile wood of analysed clones plants 
 Populus in a dry condition 

Clone of wood species Basic statistical characteristics 
0JW [kg·m-3] s [kg·m-3] vx [%] n [-] 

Populus

Max 4 408,5  16,3 3,9 16 
Max 5 400,3  11,9 2,9 15 
Oxford 425,6  10,4 2,4 18 
AF 2 436,8  13,1 3,0 16 

Monviso 406,9  11,1 2,7 15 
The average value 415,6 12,5 2,9 80

Tab. 2 Basic statistical characteristics of density of juvenile bark of analysed Populus clones  
plants in a dry condition 

Clone of wood species Basic statistical characteristics 
0JB [kg·m-3] s [kg·m-3] vx [%] n [-] 

Populus

Max 4 578,2  49,6 8,5 16 
Max 5 583,4  61,3 10,5 15 
Oxford 590,2  57,9 9,8 16 
AF 2 541,3  23,8 4,4 16 

Monviso 585,4  22,5 3,8 15 
The average value 575,7 43,1 7,5 78

Tab. 3 Basic statistical characteristics of density of chips (wood with bark) of analysed Populus clones plants in 
a dry condition 

Clone of wood species Basic statistical characteristics 
0Ch [kg·m-3] s [kg·m-3] vx [%] n [-] 

Populus

Max 4 438,1  17,8 4,1 16 
Max 5 456,7  24,8 5,4 15 
Oxford 458,3  21,3 4,6 16 
AF 2 421,4  27,1 6,4 16 

Monviso 441,5  19,8 4,3 15 
The average value 443,2 22,1 4,9 78
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Fig. 1 The average value of density Populus clones in dry condition 

Tab. 4 The average values of the share of bark and Relative humidity of juvenile wood and bark during the 
dormancy on a wood from plantation fast growing species 

Wood Share of bark [%] 
Relative humidity [%] 

Juvenile wood Juvenile bark 
Max 4 22,72 51,3 53,4 
Max 5 21,33 52,6 54,4 
Oxford 26,67 50,1 53 
AF 2 21,63 54,3 53,1 

Monviso 20,97 47,8 57,3 
Populus 22,66 ± 2,69 51,2 ± 2,4 54,2 ± 1,1 

           The average values of the share of bark written as median and standard deviation 

Tab. 5 Bulk density of chips of analysed clones of Populus the moisture at the time of harvest 

Wood Bulk density [kg·m-3]
Max 4 300 
Max 5 305 
Oxford 320 
AF 2 280 

Monviso 300 
Populus 301±17,5

The average values of the share of bark written as median and standard deviation 
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         Fig. 2   Bulk density of chips of analysed clones of Populus clones the moisture at the time of harvest 

DISCUSSION AND CONCLUSIONS 
Average values of density of juvenile wood in dry condition of analysed Populus 

clones 0JW = 415,6 kg·m-3 is comparable to a density of Poplar wood of a plantation grown 
Populus deltoides clone presented by the authors Klasnja – Kopitovic – Orlovic (2002) and is 
15% higher than a density of a dry Poplar wood - Populus serotina as was mentioned in a 
work by Požgaj et al. (1997).

When comparing a density of dry juvenile bark with a density of dry juvenile wood of 
analysed clones, it is obvious that bark densities are higher than the woods densities. Dry 
poplar bark of analysed clones with a density 0JB = 575,7 kg·m-3 comparing to dry wood 
density 0JW =  415,6 kg·m-3 is higher by 27,8 %. Mentioned statements concerning the higher 
bark density correspond with the knowledge of a bark morphology as well as its chemical 
composition and a share of inorganic substances in the bark presented in literature Matovi
(1977), Požgaj et al. (1997), Pelerygin (1965), Dzurenda – Zoliak (2012).

The bark share XB = 22,66 ± 2,69% on the wood chips affects chips weight in dry and 
wet condition, and it also affects a bulk density as well as energetic characteristics such as 
heat of combustion, calorific value, ash content. The bark share in poplar chips is 6 to 7 % 
higher than the bark share e.g. in willow chips of clones Salix viminalis which are mentioned 
in works by authors Dzurenda, L. – Ridzik, L. – Dzurenda, M. (2013). A bark share in poplar 
chips from plantation-grown coppice in the interval XK = 18,8 – 27,2  % is presented by the 
authors Varga - Godo (2002), Dzurenda – Zoliak (2012). Values of bark share of wood 
dendromass grown on plantations with collection time 5 years are 1,5 to 2,5x higher than a 
bark share on broadleaved tree trunk during its mature age. This statement is supported by the 
knowledge of dependence of a bark share on the tree diameter Požgaj et al., (1997), as well as 
the knowledge of dependence of a bark share in a dendromass on the tree age Golovkov et al.,
(1987), Varga - Bartko (2010). 

Bulk density of chips made from a plantation-grown coppice dendromass of analysed 
fast growing clones by a mower JUNKKARI HJ 10 at humidity Wr  52 % during dormancy 
was laboratory set for poplars as BDar= 301 kg·m-3 . Presented weight data l of cubical m3 of 
energy chips are important for planners in the design of warehouse for bio fuel storage, as 
well as for carriers of biofuels from plantations to stock Janda ka et al. (2007), Mala ák and 
Vaculík (2008), Dzurenda M. (2014).



15

REFERENCES
1. DZURENDA L., ZOLIAK M., MALIŠ M. 2009: Svojstva energeti eskoj š epi 

drevesiny Salix viminalis - klona ORM vyraš enogo na plantažach. In: Annals of 
Warsaw Agricultural Univesity – SGGW, Forest and Wood Technology No 68/2009. 

2. DZURENDA L., ZOLIAK M. 2012: Energetické vlastnosti biomasy - energetickej 
štiepky niektorých klonov plantážnicky pestovanej dreviny Populus.  In: Využitie 
biomasy z obnovite ných zdrojov na energetické ú ely. Nitra : Slovenská 
po nohospodárska univerzita v Nitre, s. 137 – 147. 

3. DZURENDA L., RIDZIK L., DZURENDA M. 2013:  Popolnatos  biopaliva – 
energetickej  štiepky z dendromasy porastov plantážnicky pestovaných v b a topo ov. 
Acta Facultatis Xylologiae 55(1): 101 – 108. 

4. DZURENDA M. 2014: Modelovanie technicko – ekonomických parametrov v procese 
výroby energetickej štiepky z dendromasy rýchlorastúcich drevín. [Dizerta ná práca 
TU Zvolen]. 91 s. 

5. GOLOVKOV S. I., KOPERIN I. F., NAJDENOV V. I. 1987: Energeti eskoe 
ispolzovanie dreves-nych otchodov.  Moskva: Lesnaja promyšlennos ,  s. 221. 

6. HECL V. 2011. Modelovanie produkcie oxidov dusíka z procesov spa ovania štiepky 
z energetických plantáží. [Dizerta ná práca TU Zvolen]. 90 s. 

7. JANDA KA J., MALCHO M., MIKULÍK M. 2007: Biomasa ako zdroj energie. 
Žilina, Vydavate stvo GEORG,  241 s.  

8. KLASNJA B., KOPITOVIC S., ORLOVIC S. 2002: Wood and bark of some poplar 
and willow clones as fuelwood. In: Biomass and Bioenergy 23, 427 – 432. 

9. LIBHARD P. 2010: Energieholz im Kurzumtrieb Rohstoff der Zukunft. Grac-
Stutgard: Leopold Stocker Verlag, 123 s.

10. MALA ÁK J., VACULÍK P. 2008:  Biomasa pro výrobu energie. Praha: Vydavate
CZU v Praze, 206 s. 

11. MATOVI  A. 1977: Náuka o d ev .Brno.Vysoká škola zem d lská, Lesnicka 
fakulta,155 s.

12. OTEPKA P., HABÁN M. 2011:  V ba košikárska Salix viminális L. Pestovaná ako 
obnovite ný zdroj   energie v teplej agro-klimatickej makrooblasti Slovenskej 
rebubliky. Nitra: SPU, 83 s.

13. PERELYGIN L. M. 1965: Nauka o dreve. Bratislava: SVTL,  448 s. 
14. POŽGAJ, A. et al. 1997: Štruktúra a vlastnosti dreva. Bratislava. Príroda, 407 s.
15. SIMANOV V. 1995: Energetické využívání d íví. Olomouc: Terapolis, 98 s. 
16. VARGA L., GODÓ T. 2002: Rýchlorastúce dreviny a možnosti zvýšenia produkcie 

biomasy na energiu. In Využívanie lesnej biomasy na energetické ú ely
v podmienkach SR, Zvolen: LVU,  s. 28-37.  

17. STN EN 15103:2010 Tuhé biopaliva – Stanovenie sypnej hmotnosti. 12 s.
18. STN EN 14774-2:2010 Tuhé biopalivá - Stanovenie obsahu vlhkosti. 8 s. 
19. STN 49 0108: Drevo – Zis ovanie hustoty, 8 s.
20. STN 48 0058:2004 Sortimenty dreva – Listnaté štiepky a piliny. 13 s. 

Streszczenie: G sto  biopaliwa – zr bków energetycznych z plantacji dendromasy topoli  
-wyro ni te odro la. W artykule przedstawiono wyniki prac, które okre laj  g sto  zr bków,
drewna m odocianego i kory w stanie suchym pozyskanych z szybko rosn cych gatunków 
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plantacyjnego drewna topolowego w ko cu 5 letniego cyklu wegetacyjnego. Praca zawiera 
tak e dane o g sto ci obj to ciowej zr bków analizowanych gatunków drewna wykonanych 
na r barce JUNKKARI HL 10, przy wilgotno ci wzgl dnej topoli podczas pozyskania. 
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