
Annals of Warsaw University of Life Sciences – SGGW
Agriculture No 64 (Agricultural and Forest Engineering) 2014: 109–116
(Ann. Warsaw Univ. Life Sci. – SGGW, Agricult. 64, 2014)

Abstract: Effect of mineral matter content on 
speci  c density of forest biomass. Utilization of 
waste forest biomass as a source of energy is un-
important at present. It results from both the spa-
tial scattering of this material and from its variable 
chemical and physical properties. The undertaken 
analysis concerns the investigations on a depen-
dence between the fraction size of shredded forest 
wastes and their speci  c density. The investiga-
tions showed that  ne fractions are characterized 
by higher speci  c density. In order to explain this 
phenomenon, the mineral matter content in par-
ticular fractions was investigated. The results of 
experiments proved that an increase in speci  c 
density of biomass obtained from forest wastes 
was inversely proportional to fraction size and di-
rectly proportional to mineral matter content. 

Key words: forest biomass, speci  c density, ash 
content

INTRODUCTION

On various stages of forest production 
process there is produced the biomass of 
small commercial value. It takes place 
during execution of cultivation opera-
tions, particularly in the tree stands of 
younger age classes (early and late 
cleanings) and during timber harvest-
ing, both the cutting and pre-cutting 
operations. Apart from various timber 
assortments, during these operations 
a substantial amount (volume) of so-
-called wastes is produced. These are 
young trees removed during cultiva-
tion operations, branches cut off during 

debranching or damaged fragments of 
bolts. This biomass cannot remain on 
forest sites in non-shredded form, since 
it makes dif  cult carrying out further sil-
viculture operations and can enhance de-
velopment of pests or diseases and also 
increases the  re hazard on forest sites. 
At the same time, one can  nd a constant-
ly rising demand of country’s economy 
(as well as of individual consumers) for 
biomass designed for energetic purposes 
[Barwicki and Gach 2010]. So far the 
sawmill or furniture wastes have been 
commonly used for this purpose, as well 
as raw materials originated from special 
growing of energetic plants. Utilization 
of waste forest biomass for this purpose 
is unimportant so far. From one hand, 
it results from its substantial scattering 
(logistic problems), and very diversi  ed 
composition resulting in diverse physical 
and chemical properties. Recently, one 
can  nd the growing interest in waste for-
est biomass as an energetic raw material. 
Gendek and Zychowicz [2014] investi-
gated calori  c value of forest wastes. In 
the case of spruce biomass it amounted 
to about 14.64 MJ·kg–1, while for pine 
biomass to about 19.53 MJ·kg–1. Similar 
investigations were carried out by Ani-
szewska and Gendek [2014]. They ana-
lyzed calori  c value of the cones of se-
lected forest tree species and compared 
the results with calori  c value of wood 
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obtained from these trees. The investiga-
tions showed no signi  cant differences 
between particular measurements.  

Biomass of forest origin is the waste 
substance; its basic component is wood. 
Depending on type of this waste it con-
tains also various amount other compo-
nents as sand, litter of conifer needless or 
bark. Moisture content of the waste forest 
biomass is important from the viewpoint 
of its management [G owacki and Gen-
dek 2011]. Irregularity of biomass state 
of aggregation and moisture content are 
affected by intramolecular and external 
pores of wood that store water and air 
[Malczewski 1990]. Depending on frac-
tion size, the shredded wood mass can 
be included among the loose materials, 
thus, it is dif  cult to describe the waste 
biomass of forest origin from statistical 
point of view. This paper presents results 
of investigations on composition and 
structure of waste forest biomass. The 
investigations aimed at determination of 
possible biomass utilization as an ener-
getic raw material; as the main direction 
of this utilization there was assumed pro-
duction of fuel in the form of briquettes. 
Therefore, the investigations carried out 
on shredded forest wastes were focused 
on bulk and speci  c density measure-
ments. 

In the biomass density measurements 
the characteristic of apparent volume is 
not suf  cient. Ratio between apparent 
volume and speci  c volume of wood is 
signi  cant and amounts to 0.3–0.5; it re-
sults from irregularity of arrangement of 
the loose plant material stalks. In meas-
urements on raw material speci  c den-
sity the immersion method was used. 
Measurements on speci  c volume and 
mass of biomass enabled to determine 

the speci  c density. Preliminary investi-
gations on harvested and shredded forest 
wastes pointed out at the need of dividing 
of produced chips into fractions of vari-
ous size and carrying out investigations 
separately for each of them. Parallel to 
density measurements there were carried 
out investigations on the mineral matter 
content in the investigated material. 

MATERIAL AND METHODS

Prior to measurements on raw material 
speci  c density, the entire mass of chips 
was divided into fractions of various 
size. The four fractions of following size 
were isolated: 

below 1 mm,
from 1 to 4 mm,
from 4 to 8 mm,
from 4 to 16 mm.
The measurement on speci  c density 

was executed in the same way in three 
repetitions for every fraction. The mois-
ture content of all investigated samples 
amounted to 15 %. 

The biomass sample (pine) of spe-
ci  c mass about 20 g was poured into 
a beaker containing 400 ml of water. Each 
time the mixture was pressed down with 
a strainer to shift the poured chips under 
water-level surface. Then, the reading of 
measuring vessel was corrected by the 
volume of strainer with handle. 

Basing on read off results there was 
calculated the speci  c density ( w) with 
the following dependence [Molteberg 
2004]:
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where:
w – speci  c density [g/cm3];

m – mass [g];
Vr – real volume [cm3].

An example of research methodic de-
scribed above is presented in Figure 1. 

In reading of liquid volume with the 
immersed biomass a computer program 
for digital analysis of image was used. 
To this end each time a photo was made 
with digital camera placed at the level of 
water-level. Then, the obtained image 
was subjected to digital analysis. This 
method enabled to increase accuracy of 
carried out measurements. 

The carried out investigations includ-
ed also the analysis of mineral particle 
content in particular fractions of chips.

One of the method for determination 
of mineral matter content is incineration 
of biomass sample. The ash created at 
high temperature contains only the min-
eral parts, therefore, its mass can be di-
rectly used in determination of their con-
tent in the investigated material.

Ash is a substance of  ne consistency 
created during thermal processing of bio-
mass for heating purposes. General con-
tent of ash affects signi  cantly the spe-
ci  c density and – which is particularly 
important – the energetic value of solid 
carriers  [Grzybek et al. 2007]. The ash 
content determines the mineral satura-
tion of biomass. As reported by Babiarz 
and Bednarczuk [2013], the plant mate-
rial contains such mineral substances as: 
silicon, iron, aluminum, calcium, mag-
nesium, sodium, potassium. 

The ash content was measured 
with a method of slow incineration 
[Trawczy ski 2008]. A sample of 5 g 
(weighed with accuracy of 0.0001 g) was 
placed in a melting pot of known mass 
and incinerated at temperature 805°C 
during two hours. The created content 
was placed in exsiccator to cool it. Then, 
the mass of pot with ash was determined. 
The percent share of ash in the sample 
(Zp) was calculated with equation:

3 1

2 1
100%p

m mZ
m m

where:
Zp – percent share of ash [%];
m1 – mass of empty pot [g];
m2 – mass of pot  lled with wood bio-
mass sample [g];
m3 – mass of pot with ash [g].

RESULTS AND DISCUSSION

The investigations were carried out in 
three repetitions for each isolated frac-
tion. Table 1 presents results of mass 
and speci  c volume measurements of 
particular samples and their speci  c 

FIGURE 1. Determination of biomass real vol-
ume
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density. As it is evident from given data, 
the biomass speci  c density decreases 
with an increase in fraction size of par-
ticles. The fraction 0–1 mm is lower 
than water density only by 0.09 g/cm3; 
in opinion of the authors, it can be con-
nected with high mineral saturation of 
fraction. Decreasing of speci  c density 
with an increase in fraction size was 

found in all analyzed cases. Considering 
mean values one can  nd, that difference 
between the least and the highest frac-
tion amounts to about 0.3 g/cm3 (30 % 
in relation to speci  c density of  nest 
fraction).

Mean speci  c density of particular 
fractions illustrates Figure 2.

TABLE 1. Results of mass and volume measurements of shredded biomass

Fraction
[mm]

Mass of sample 
[g]

Volume of sample
[cm3]

Speci  c density 
[g/cm3]

Mean speci  c 
density [g/cm3]

0–1
42,35 45.22 0.94

0.9134.61 39.72 0.87
28.9 31.55 0.92

1–4
38.16 43.20 0.88

0.7939.75 49.28 0.81
30.37 44.62 0.68

4–8
27.59 36.87 0.75

0.6822.46 37.69 0.60
21.7 30.67 0.71

8–16
36.24 57.41 0.63

0.6534.77 52.79 0.66
32.95 49.54 0.67

Source: Own investigations.
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FIGURE 2. Mean speci  c density of investigated material
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Preliminary analysis of investigated 
samples showed, that this phenomenon 
could result from various content of 
mineral parts in particular fractions of 
shredded biomass, since the  ne frac-
tions (especially of dimensions below 
1 mm) contained large amount of parts 
that were not biomass (mineral parts). 
Also the chemical structure of particular 
elements can be different – they come 
from various layers of shoot cross sec-
tion. Therefore, a hypothesis was made 
that the content of mineral parts in par-
ticular fractions of shredded biomass 
could affect their speci  c density. Speci-
 cation of mineral particles in the form 

of ash is presented in Table 2. 

Assuming that the level of mineral 
saturation determines the percent ash share 
in analyzed situation [Kowalczyk-Ju ko 
2009], according to methodic described 
above there was investigated the ash con-
tent in particular fractions of biomass. The 
mean ash content is presented in Figure 3.

In order to prove the made hypoth-
esis, the obtained values of factors were 
subjected to statistical tests using analy-
sis of variance method (ANOVA). In 
determination of correlation a program 
package for statistical analyses was used 
(Statistica). Analysis of variance for dif-
ferences between the factors and quality 
variable enabled to carry out a post hoc 
test, based on multiple comparisons. 

Among available post hoc tests for 
classi  cation of particular factors, the 
Duncan test was selected as the most 
suitable tool. It consisted in compari-
son between a control variable and par-
ticular factors, with assignment of vari-
ables to particular homogeneous groups 

[Parli ska and Parli ski 2011]. The iso-
lated homogeneous groups of speci  c 
density for particular fraction intervals 
are presented in Table 3, while speci  ca-
tion of homogeneous groups of ash con-
tent is presented in Table 4. 

TABLE 2. Speci  cation of mineral particles in the form of ash

Fraction 
[mm]

Mass of empty 
pot
[g]

Mass of pot  lled 
with wood biomass 

[g]

Mass of pot 
with ash

[g]

Ash content
[%]

Mean ash 
content

[%]

0–1
12,15 13.22 12.18 2.43

2.2611.97 12.99 12.00 2.37
12.50 13.53 12.53 1.98

1–4
12.43 13.55 12.45 0.89

0.8914.16 15.17 14.17 0.89
14.80 15.83 14.81 0.89

4–8
13.73 14.76 13.74 0.87

0.8716.64 17.74 16.65 0.90
14.49 15.51 14.50 0.84

8–16
16.23 17.48 16.23 0.40

0.3715.44 16.46 15.44 0.37
16.64 17.66 16.64 0.35

Source: Own investigations.
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It is evident from the above statistical 
analysis that mean speci  c densities and 
ash content are included in similar ho-
mogeneous groups of the both factors. 

The presented investigations aimed 
at determination of the effect of mineral 
particle content (ash) on speci  c density 
of the biomass obtained of forest wastes. 
As Figure 4 illustrates, speci  c density 

rises with an increase in mineral particle 
content. At the content of about 0.4%, 
the speci  c density amounts to about 
0.65 g/cm3. An increase in mineral par-
ticle share to about 2.5% results in an 
increase in speci  c density to about 
0.90 g/cm3. It is also evident from the 
carried out investigations, that higher 
speci  c density is characteristic for the 

FIGURE 3. Ash content in particular fractions
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FIGURE 4. Dependence between speci  c density of investigated material and ash content
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 ner fractions; it means that they contain 
more mineral substances than the coarse 
fractions. 

CONCLUSIONS

The carried out investigations on speci  c 
density and mineral matter content (ash) 
in the biomass of forest origin enabled to 
formulate the following conclusions:

Fine fractions of biomass obtained 
from forest wastes are characterized 
by a higher speci  c density than the 
fractions of bigger dimensions.
Mineral particle content decreases 
with an increase in fraction size of in-
vestigated forest biomass wastes.
The value of biomass speci  c density  
depends on the mineral particle con-
tent. An increase in mineral particle 

1.

2.

3.

share results in an increase in speci  c 
density, therefore the made research 
hypothesis has been proved. 
Analysis of homogeneous groups 
proved that the methodic used for de-
termination of speci  c density value 
of biomass should include assess-
ment of mineral particle content in 
percent.

Streszczenie: Wp yw zawarto ci substancji mine-
ralnych na g sto  w a ciw  biomasy pochodze-
nia le nego. Wykorzystanie odpadowej biomasy 
le nej jako ród a energii jest obecnie niewielkie. 
Wynika to zarówno z rozproszenia przestrzennego 
tego materia u, jak i jego zmiennych w a ciwo ci 
chemicznych i  zycznych. Podj ta analiza doty-
czy bada  zale no ci pomi dzy wielko ci  frakcji 
rozdrobnionych odpadów le nych a ich g sto ci  
w a ciw . Badania wskaza y, e frakcje drobne 
charakteryzuj  si  wi ksz  g sto ci  w a ciw . 
W celu wyja nienia tego zjawiska przeprowa-
dzono badania zawarto ci substancji mineralnych 
w poszczególnych frakcjach. Wyniki ekspery-
mentów potwierdzi y, e wzrost g sto ci w a ci-
wej biomasy uzyskanej z odpadów le nych jest 
odwrotnie proporcjonalny do wielko ci frakcji 
i wprost proporcjonalny do zawarto ci substancji 
mineralnych.
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