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Abstract
The most extensive study to be carried out in Poland, and one of only a few worldwide, regarding the influence of location, tree age
and forest habitat type on the basic fuel properties of silver birch (Betula pendulaRoth.) woodwas conducted in 12 Forestry Districts
of the Polish State Forests. The field study included trees in three age groups of approximately 30, 50 and 70 years. The research was
carried out in a fresh broadleaved forest (FBF) habitat type, where in Poland silver birch stands predominate in respect of coverage
area andmerchantable volume. Additionally, for five selected Forestry Districts, a comparative studywas conducted in a freshmixed
broadleaved forest (FMBF), the secondmost important habitat of this tree species. A total of 306 test trees were examined. For every
sample, calorific value and contents of ash, carbon, hydrogen, nitrogen, sulphur and chlorine were determined. The results indicated
a statistically significant influence of location on the calorific value (p = 0.0001) and on the contents of ash (p < 0.0001), carbon (p <
0.0001), hydrogen (p < 0.0001), nitrogen (p < 0.0001) and chlorine (p < 0.0001) in the analysed wood. Moreover, statistically
significant differences were observed between values of ash content (p = 0.046) and of calorific value (p = 0.0026) depending on
the forest habitat type. Tree age was found to have no significant influence on the calorific value of silver birch wood.
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Introduction

Knowledge of certain physical and chemical parameters of
wood is of key importance in determining its possible uses.
When wood is to be used as a source of energy, the most
important parameters include calorific value, moisture con-
tent, ash content and elemental composition [1–3]. These pa-
rameters, as well as their influence on the combustion process
and on the suitability of wood for bioenergy production, are

well-known and documented in the world literature [2, 4–6].
However, only a few studies have so far considered the vari-
ation of these main fuel properties of wood under the influence
of external factors such as location and forest habitat type or
under the influence of tree age.

In Poland, the first large-scale studies of this type were pilot
studies of birch stands conducted in the years 2003–2007 in
the north-eastern part of the country. These pilot studies fo-
cused on variation in physical and mechanical properties and
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served as preparation for the current very broad studies of the
fuel properties of the wood of silver birch (Betula pendula
Roth.), an economically important forest-forming tree species
which presently accounts for 7.3% [7] of the total area of
Polish forests. The importance of research on this species re-
sults from the continuous increase in its area share among the
broadleaved tree species found in Polish forests, as well as
changes in the natural range of the main forest-forming spe-
cies. Another factor is the quantity of timber delivered and
sold. At present, birch is the leader among broadleaved tree
species, ahead of beech and oak. According to the State
Forests reports, the sourcing and trading of birch timber is at
a level of approximately 3 million cubic metres per annum [8].

The results of the pilot studies of silver birch wood showed
the significant influence of the selected external factors onmost
of the analysed structural, physical and mechanical properties
of the trees [9–11]. The FBF habitat type was found to have a
significant influence on average values of, among others, the
elasticity coefficient, rigidity coefficient, Runkel’s ratio, wood
density and compressive strength along fibres. However, the
forest habitat type was observed to have no significant influ-
ence on average values of, for example, the slenderness and
wood compactness coefficients, or resistance to stretching
along fibres, lengthwise compression or static bending [12, 13].

These pilot studies, however, lacked analysis of the influ-
ence of location, age and forest habitat type on the main fuel
parameters of silver birch wood. Only a few reports on the
influence of tree age on fuel properties can be found in the
literature; among others, for the species Propolis africana and
Balanites aegypyiaca [14] and for varieties of eucalyptus
[15–18]. These studies report higher calorific values for the
wood of older trees, higher ash contents in the wood of youn-
ger trees and a lack of influence of age on the carbon content
[17]. We are not aware of any previous studies concerning the
influence of forest habitat type, location and age on the pa-
rameters of silver birch wood significant for its use as an
energy source. The study reported here serves to fill that gap.

The main aim of this study was to analyse variation in the
calorific value, ash content and elemental composition of sil-
ver birch wood frommain resource bases, distributed through-
out Poland, depending on the geographical location of the test
plots, on the age of the trees and on the forest habitat type. The
detailed analyses of selected fuel properties of silver birch
serve to assess the quality of the wood in terms of its suitabil-
ity for bioenergy production.

Materials and Methods

Study Site

The research was conducted in two forest habitat types where,
in Poland, silver birch stands predominate in respect of

coverage area and merchantable volume. Forest habitat type
is a fundamental unit in the classification system of forest
habitats, grouping together forest areas with similar habitat
conditions resulting from the fertility and the humidity of the
soil, similitude of climate and landform features and geolog-
ical structure. Areas belonging to the same forest habitat type
are found to be similar in terms of production capacity and
silviculture [19]. This study included the FBF and the FMBF
habitat types. The first—FBF—is a lowland habitat type and
includes very fertile and fresh forest habitats. It is found on
sites with brown soil, mainly leach, sometimes acidic or prop-
er brown soil, proper lessive, with mull type humus or typical
mull. The second—FMBF—is a lowland habitat type that
includes fresh habitats of average fertility. It is found on brown
leach, podzol or acidic soils, proper fawn soils, spodic, some-
times on podzoluvisols, proper podzol or rusty soils mostly
with typical humus. The field research was conducted in 12
Forestry Districts (FDs) with FBF as the dominant forest hab-
itat, and for five of the FDs comparative studies were also
conducted on the FMBF habitat type. The studied FDs were
the following: Płońsk (FBF), Sokołów (FBF), Biała Podlaska
(FBF), Płaska (FBF), Giżycko (FBF and FMBF), Górowo
Iławeckie (FBF), Elbląg (FBF), Mircze (FBF), Bobolice
(FBF and FMBF), Łobez (FBF and FMBF), Lipinki (FBF
and FMBF) and Rudziniec (FBF and FMBF). The locations
of the FDs where test plots were established are shown on
Fig. 1.

Field Sampling, Sample Selection and Preparation

Breast height diameters (BHD) were measured for all trees
growing on the test plots for which those diameters
exceeded 7 cm [20]. The sample trees on the test plots were
chosen using Hartig’s method, based on the mean BHD area
with three thickness classes [21]: class 1, containing the
thinnest trees; class 2, with trees of medium thickness;
and class 3, with the thickest trees. From each thickness
class, two trees were selected and felled, giving a total of
six trees from each sample plot. In total, sample materials
were collected from 306 trees. Two or three 50-cm-long
trunk sections were cut out (below the 1.3-m height point
and 50–100 cm above it) and were then split open and
marked appropriately. Wood samples (without bark and
knots) characterised by a homogeneous structure (without
technical defects) were collected for testing. After season-
ing, when the wood moisture content reached a level of
approximately 15%, the samples were taken for chemical
analysis. Afterwards, sample material was ground in a knife
mill and sieved to the desired particle size. Analysis of fuel
properties was carried out on 51 samples of birch wood
obtained from selected locations in Poland from trees in
three age categories: approximately 30, 50 and 70 years
old. For each of the 51 samples, the mean value from two
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or three replicate determinations was taken for further cal-
culations. The analyses were therefore based on between
102 and 147 determinations.

Determination of Moisture Content (%), Elemental
Composition (%), Ash Content (%) and Calorific Value
(MJ/kg)

The ash content in the samples was determined according to
[22]. Samples were roasted at a temperature of (550 ±
10) °C. Moisture content was determined using a drying
and weighing method at a temperature of (105 ± 2) °C ac-
cording to [23]. Elemental analysis of the content of carbon
(C), hydrogen (H), nitrogen (N) and sulphur (S) was per-
formed using the procedures described in [24, 25]. The heat
of combustion was determined according to [26]. After be-
ing ground to a particle size not greater than 0.2 mm, sam-
ples were burnt in a calorimetric bomb filled with oxygen
under a pressure of 3.0 ± 0.2 MPa. The heat of combustion
was calculated using the Regnault–Pfaundler method, taking
into account corrected temperature increases and the thermal
capacity of the calorimeter. Calculations of the calorific val-
ue were performed according to [26]. The chlorine content
was determined according to [25]. The determination was
carried out with the use of the potentiometric titration
method.

Statistical Analysis

For analysis of the influence of test plot location and tree age
on the values of the selected characteristics, the Kruskal–
Wallis test was employed. This is a nonparametric alternative
to analysis of variance. The reason for the choice of this ana-
lytical method was the fact that the data did not meet the
assumption of unity of variance (Levene’s test: p < 0.001)
and that some of the analysed groups did not follow a normal
distribution. Following the identification of statistically signif-
icant differences between the analysed categories, a multiple
range rank test was carried out to find groups with similar
values for the analysed characteristics. On the data
representing five FDs (Giżycko, Bobolice, Łobez, Lipinki
and Rudziniec), analyses of correlations between values of
the studied characteristics and the forest habitat types (FBF
and FMBF) were performed. Because of the strong asymme-
try of the distribution of the variables, a Mann–Whitney test
was applied; this is a nonparametric alternative to the t test [27,
28]. The significance level was set at p < 0.05.

Additionally, to identify locations with similar values as
regards the basic elemental composition of the wood, a cluster
analysis was carried out. A cluster analysis is a multivariate
method which aims to classify a sample of subjects (or ob-
jects) based on a set of measured variables into many diverse
groups such that similar subjects are placed in the same group.
A hierarchical agglomerative method was applied, in which

Fig. 1 Geographical distribution
of the National Forestry Districts
where the test plots were located
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Euclidean distances were employed. Grouping of objects was
performed using the Ward method, in which the aim is to
obtain the smallest variance of the distance within a cluster.

Results

Influence of Location, Tree Age and Forest Habitat
Type on the Heat of Combustion and Calorific Value
of Wood

The mean value of heat of combustion for all samples was
19.66MJ/kg. For all material from the FBF habitat type, it was
19.68 MJ/kg, and for the five locations where the heat of
combustion was compared between habitat types, the mean
values were 19.68MJ/kg for FBF and 19.62MJ/kg for FMBF.
The results indicate that the influence of the location of test
plots on values of heat of combustion is statistically significant
(p = 0.0004), although the observed differences in the value
are minor (Fig. 2). The multiple comparisons of the average
rank tests demonstrated statistically significant differences be-
tween Mircze and Bobolice FMBF, Łobez FMBF and Lipinki
FMBF, as well as between Bobolice FMBF and Giżycko
FMBF. Statistically significant differences (p = 0.01) were al-
so observed in values of the heat of combustion depending on
the forest habitat type (Fig. 3). On the other hand, a compar-
ison of values of heat of combustion among different tree ages
demonstrated the lack of statistically significant differences
(p = 0.08).

The mean calorific value for all samples was 18.27 MJ/kg.
For all material from the FBF habitat type, it was 18.29MJ/kg,
and for the five locations where the heat of combustion was
compared between habitat types, the mean values were
18.28MJ/kg on FBF and 18.20MJ/kg on FMBF. The location
of the sample plots was shown to have a statistically signifi-
cant influence (p < 0.0001) on the calorific value (Fig. 4). The
multiple comparisons of the average rank tests demonstrated
statistically significant differences between data from Mircze
and Bobolice FMBF, Łobez FMBF and Lipinki FMBF.
Statistically significant differences (p = 0.0026) were also ob-
served in calorific values depending on the forest habitat type
(Fig. 5). Tree age was found to have no significant influence
on the calorific value (p = 0.92).

Influence of Location, Tree Age and Forest Habitat
Type on Ash Content

The mean ash content for all samples was 0.24%. For material
from the FBF habitat type, it was 0.25%. In the five Forestry
Districts where habitat types were compared, the value for
FBF was 0.26%, slightly higher than the value of 0.23% cal-
culated for FMBF. Averages of ash content increased along
with tree age, but differed only slightly. The location of the

sample plots was shown to have a statistically significant in-
fluence (p < 0.0001) on the ash content (Fig. 6). The multiple
comparisons of the average rank tests demonstrated statistical-
ly significant differences between data from Łobez FBF and
from Giżycko FBF and Bobolice FBF, FMBF. A comparison
of ash content among different tree ages demonstrated a lack
of statistically significant differences (p = 0.70). Statistically
significant differences (p = 0.046) were recorded between
values of the analysed characteristic depending on forest hab-
itat type (Fig. 7).

Influence of Location, Tree Age and Forest Habitat
Type on Elemental Composition

Carbon Content

The mean carbon content in the silver birch wood for all sam-
ples was 49.39%. For all material from the FBF habitat type, it
was 49.18%. For the five locations where habitat types were
compared, the value for FBF was 49.63%, slightly lower than
the value of 49.91% determined for FMBF. Carbon content
was found to decrease with increasing tree age, averaging
49.96% in the wood of 30-year-old trees, 49.13% in 50-
year-old trees and 49.08% in 70-year-old trees. The test plot
location was shown to have a statistically significant influence
(p < 0.0001) on the carbon content (Fig. 8). The multiple com-
parisons of the average rank test demonstrated statistically
significant differences between the data from Lipinki FBF,
FMBF and the data obtained from Płońsk, Biała Podlaska,
Płaska, Giżycko FBF and Elbląg. A comparison of carbon
content among trees of different ages also showed statistically
significant differences (p = 0.0013) (Fig. 9). The highest
values were recorded in the youngest forest stands (30 years),
where the differences in carbon content from the remaining
tree ages were statistically significant. This fact was confirmed
by multiple comparisons of the average rank test. No statisti-
cally significant differences were found between the results
obtained from samples originating from 50- and 70-year-old
trees. Also, no statistically significant differences were noted
(p = 0.33) between values of the analysed characteristic de-
pending on forest habitat type.

Hydrogen Content

Themean hydrogen content for all samples was 6.39%. For all
material from the FBF habitat type, it was 6.35%. In the five
locations where habitat types were compared, the values were
6.40% for FBF and 6.50% for FMBF. The highest mean value
of hydrogen content was recorded for 30-year-old trees
(6.55%); the value was lower for 50-year-old trees (6.33%)
and lowest for 70-year-old trees (6.30%). The test plot loca-
tion was shown to have a statistically significant influence (p
< 0.0001) on the hydrogen content (Fig. 10). The multiple
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comparisons of the average rank test demonstrated statistically
significant differences between the data from Lipinki FBF,
FMBF and those obtained from Płońsk and Płaska Forestry
Districts. A comparison of hydrogen content among trees of
different ages also revealed statistically significant differences

(p = 0.0001) (Fig. 11). The highest values were recorded in the
youngest forest stands (30 years), where the differences in
hydrogen content from the remaining tree ages were statisti-
cally significant. This fact was confirmed by a multiple com-
parison of the average rank test. No statistically significant

Fig. 2 Average values of heat of
combustion depending on
location

Fig. 3 Average values of heat of
combustion depending on forest
habitat type

642 Bioenerg. Res. (2018) 11:638–651



differences were found between the results obtained from
samples originating from 50- and 70-year-old trees. No statis-
tically significant differences were found (p = 0.06) in values
of hydrogen content depending on forest habitat type, al-
though the difference between the obtained probability test
value and the set significance level (0.05) is very small.

Nitrogen Content

The mean nitrogen content in silver birch wood for all samples
was 0.16%. For all material from the FBF habitat type, it was
0.16%, and for the five locations where habitat types were
compared, the value for both FBF and FMBF was 0.17%.

Fig. 4 Average calorific values
depending on location

Fig. 5 Average calorific values
depending on forest habitat type
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Average nitrogen contents did not differ between tree ages. The
test plot location was found to have a statistically significant
influence (p < 0.0001) on nitrogen content in the birch wood
(Fig. 12). The multiple comparisons of the average rank test
demonstrated statistically significant differences for data from

Bobolice FBF, FMBF and Rudziniec FBF, FMBF compared
with the results from Płońsk, Sokołów, Biała Podlaska, Płaska
and Łobez FBF, FMBF. No statistically significant differences
were found in the nitrogen content depending on forest habitat
type (p = 0.78) or depending on tree age (p = 0.22).

Fig. 6 Average values of ash
content depending on location

Fig. 7 Average values of ash
content depending on forest
habitat type
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Sulphur Content

Because in all 51 analysed samples laboratory tests showed
the sulphur content to be less than 0.01%, which is below the

level of detectability by the methods applied in this study, it
should be assumed that the sulphur content in the sampled
birch wood is at a minimum level.

Fig. 8 Average values of carbon
content depending on location

Fig. 9 Average values of carbon
content depending on tree age
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Chlorine Content

The mean chlorine content for all samples and for all material
from the FBF habitat type was 0.0064%. For the five locations
where habitat types were compared, the respective values

were almost identical: 0.0062% for FBF and 0.0063% for
FMBF. The average content of chlorine also differed only
slightly depending on tree age. The test plot location was
found to have a significant influence (p < 0.0001) on the chlo-
rine content in birch wood (Fig. 13). Statistically significant

Fig. 10 Average values of
hydrogen content depending on
location

Fig. 11 Average values of
hydrogen content depending on
tree age
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differences were noted between the results from Elbląg and
those obtained from Bobolice FBF, FMBF and Rudziniec
FMBF. No statistically significant differences were noted be-
tween the values of the analysed characteristic depending on
forest habitat type (p = 0.9641) or tree age (p = 0.5483).

Cluster analysis, based on values of the parameters of the
basic elemental structure of birch wood (percentage of ash,
carbon, hydrogen and nitrogen), produced a grouping of the
sample plots into three main clusters (Fig. 14). Samples from
Lipinki showed the greatest differences in comparison with

Fig. 12 Average values of
nitrogen content depending on
location

Fig. 13 Average values of
chlorine content depending on
location
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samples from all other locations. Locations in central and
north-eastern parts of Poland form a separate cluster. The re-
maining locations form a group with a very extensive geo-
graphical range.

Discussion

In the literature published in recent years referring to the fuel
properties of tree biomass [29, 30], little information is given
on the content of structural elements in birch wood.
Publications most often refer to wood (wood chip) originating
from coniferous or broadleaved trees. Information concerning
the elemental composition of birch wood can be obtained
from earlier publications. Galewski and Korzeniowski [31]
provide the following values from an elemental analysis of
silver birch wood: 48.88% C, 6.06% H, 45.26% N and O,
0.29% ash. According to [32], the elemental composition of
birch wood is 48.6% C, 6.4%H and 45.0%O. The latter study
states that the elemental composition of the wood depends on
the age of the tree and the part from which the samples were
obtained and supports this with data according to Lange:
50.61% C, 6.23% H and 1.12% N in the trunk of birch trees
and 51.93% C, 6.31% H and 1.07% N in the branches.
However, the study does not specify from which birch species
these data were obtained, nor does it suggest reasons for the
influence of age. The same author notes that the nitrogen
content values are elevated, and for different species in later
studies, they range between 0.09 and 0.2%. Progress in

instrumental analysis has allowed us to verify most of these
data with the use of contemporarymeasurement techniques. In
this respect, our work constitutes a milestone, although the
data presented refer to only one species.

In our study, the average value of heat of combustion was
19.66 MJ/kg, but significant differences were found between
birch wood originating from various locations and forest hab-
itat types. It should be emphasised, however, that these differ-
ences were small, amounting to a maximum of 520 kJ/kg
(between Rudziniec FBF and Sokołów FBF) for extreme
values and just 280 kJ/kg (between Mircze and Bobolice
FMBF) for average values. The reasons for the dissimilarities
can be found inminor differences in the chemical composition
of the wood, particularly in relation to the polysaccharide
fraction and lignin. Janežić et al. [33] reported that the higher
value of the heat of combustion of lignin, compared with
polysaccharides, results from the higher ratio of carbon to
hydrogen in that substance.White [34] pointed out the linearly
increasing relationship between the content of lignin in
combusted wood and the heat of combustion. He found that
the content of extractives was an additional factor, increasing
the heat of combustion by up to 4%.With respect to the heat of
combustion, the calorific value is a relative parameter depen-
dent mainly on the content of non-flammable substances such
as ash or water and on the amount of hydrogen, nitrogen and
sulphur. According to the published literature [35], the aver-
age calorific value for various wood species in dry state is
approximately 19 MJ/kg. This value varies to a small extent
between species, owing to the different contents of extractives

Fig. 14 Result of clustering of
sample plots based on values of
parameters of the basic elemental
structure of birch wood
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(e.g. resin and fatty acids, terpenes) and of non-flammable
substances (e.g. ash). The calorific value indicates the actual
quantity of heat obtained from the combustion process; there-
fore, it is a parameter that characterises the technical properties
of combustible materials. Themoisture content exerts the larg-
est impact on the calorific value. As a result, the difference
between values of this parameter for wood in dry state and
with considerable moisture content can amount to 5–15 MJ/
kg. Considering the great ease of absorption and loss of mois-
ture in the case of natural (virgin) wood, the observed differ-
ences in the calorific value for the dry state (280–440 kJ/kg)
are of no practical significance from a technical point of view.

Regarding ash content, the average for all samples was
0.24%, and the differences in average values were up to
0.09% (between data from Łobez FBF and those from
Bobolice FBF and Rudzieniec FBF), while differences between
extreme values were up to 0.24% (between data from Górowo
Iławieckie FBF and those from Mircze and Łobez FBF). In
general, the content of ash indicates the presence of mineral
elements in the tested sample. In the case of the wood of forest
trees, the variable content of mineral elements may be related to
the forest habitat type from which samples originate and partic-
ularly the type of soil on which the trees grew. According to
[36], the ash content in the natural (virgin) wood of two birch
species is 0.7% (Betula alleghaniensis) and 0.3% (Betula
papyrifera). For fuel wood, higher values of this indicator are
permissible; this may be associated with the content of second-
ary pollutants (sand, soil and the like). Such low contents of
minerals in the analysed samples of birch wood have minimal
influence on the calorific value. Industrial practices allow a
much greater ash content in fuel; for example, for the highest-
grade wood pellets [37], the acceptable content of ash is 1.5%.

Regarding the content of carbon in samples of silver birch
wood, the differences between average values reached 2.61%
(between Płaska and Lipinki FBF), while the differences be-
tween extreme values were twice as high, reaching 5.23%
(between Sokołów and Lipinki FMBF). The mean carbon
content for all samples (49.39%) was slightly higher than the
figure reported in the literature (48.88%) [31]. This parameter
has a significant effect on the heat of combustion of organic
substances. During the oxidation of carbon to carbon dioxide,
energy is released, which is measured to determine the value
of the heat of combustion.

Hydrogen can be found in almost all organic compounds. It
also has a significant effect on energy parameters—via the
synthesis of hydrogen with oxygen, a water molecule is creat-
ed. This reaction releases energy, which makes a direct contri-
bution to the heat of combustion. In turn, the condensing water
draws heat from the reaction, thus lowering the calorific value.
Analysis of the data concerning the hydrogen content in the
examined samples of silver birch showed differences between
average values of up to 0.62% (between Płońsk and Lipinki
FBF), while the difference between extreme values (maximum

and minimum) reached 1.09% (between Sokołów and Lipinki
FBF). The mean hydrogen content for all samples (6.39%) was
slightly higher than the figure previously reported in the liter-
ature (6.06%) [31].

Minor differences, of up to 0.07%, between average values
of nitrogen content were recorded in the tested samples (be-
tween Bobolice FBF, FMBF and Łobez FBF, FMBF). The
difference between extreme values (maximum and minimum)
reached 0.10% (between Łobez FBF, FMBF and Górowo
Iławieckie FBF, FMBF). The average content (0.16%) report-
ed in this study could not be compared due to the lack of
corresponding data in other studies. Nitrogen is a chemical
element that can be found in smaller amounts in the ligneous
parts of plants. This results from their particular chemical
composition, based on polysaccharides and lignin, in which
nitrogen compounds are not found. During the oxidation of
nitrogen to oxides (NOx) energy is released. The reaction of
nitric oxides with water is an additional factor, resulting in
nitric acids, in which nitrogen can be found in different oxi-
dation states. These reactions also, to a lesser extent, affect the
heat of combustion and the calorific value of wood.

The average chlorine content (0.0064%) reported in this
study could not be compared due to the lack of corresponding
data in other studies. Chlorine is found in the tissues of arbores-
cent plants, associated with alkaline elements such as sodium,
potassium and sometimes calcium. The presence of chlorine in
fuels is undesirable, because of the influence of compounds of
this element on the thermal corrosion of energy installations.
Additionally, chlorine reacts with aromatic compounds to form
hazardous substances with carcinogenic properties.

It has been shown that under specific growth conditions,
birch forms successive annual rings which, in terms of their
elemental composition and fuel properties, generally differ to a
small extent. The observed differences between locations and
habitats may also result from diversified growth conditions
influenced by various factors, including climate, soil and hy-
drology. However, we are not aware of any similar studies on
this topic. On the other hand, the reasons for the occurrence or
absence of differences between age groups are difficult to ex-
plain based on the collected observations. A few other studies
[14, 15, 17, 18] have reported the influence of tree age on the
fuel properties of wood, but none have suggested reasons. The
causes of the observed differences may be explained in the
future based on the analysis of wood morphogenesis. The re-
sults obtained here provide a premise for conducting research
aimed at understanding the factors modifying the process of
wood formation and the differentiation of its properties.

Conclusions

This work constitutes the result of a study of the fuel properties
of silver birch (Betula pendula Roth.) wood—the widest such
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study thus far in Poland and one of only a few worldwide.
Analysis of the findings concerning the heat of combustion,
calorific value, ash content and elemental composition of the
silver birch wood depending on location, tree age and forest
habitat type allows the following conclusions to be stated:

& The location was shown to have a significant influence on
the calorific value (p = 0.0001), ash content (p < 0.0001),
carbon content (p < 0.0001), hydrogen content (p <
0.0001), nitrogen content (p < 0.0001) and chlorine con-
tent (p < 0.0001).

& There are significant differences between values of ash
content (p = 0.046) and calorific value (p = 0.0026) de-
pending on the forest habitat type.

& Tree age was not found to have a significant influence on
the calorific value of wood.

& The sulphur content in the tested samples was below the
detectable level for the analytical method applied.

From a technical point of view, the observed differences in
the fuel properties (in spite of the presence of statistically
significant variation) are of no practical significance. The high
hydrophilicity of wood dictates that moisture content is the
main factor influencing the calorific value of the material.
Changes in the water content in technical wood (from about
15% to about 70%) cause the calorific value to fall for around
15–5 MJ/kg. The assumption can be made that the calorific
value of silver birch (Betula pendula Roth.) wood can be
determined by averaging the collected data. The position is
similar with respect to the other measured parameters (content
of ash, carbon, hydrogen, nitrogen, sulphur and chlorine).
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