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Abstract / Izvlecek

Abstract: Gross and net calorific value of 13 samples of Eucalyptus nitens wood were determined at HAWK
(Hochschule fiir Angewandte Wissenschaft und Kunst), Gottingen, Germany. Among 13 samples, 12 were thermally
modified and one was unmodified. Calorific values of samples were determined by using a bomb calorimeter, and the
wood components (cellulose, hemicellulose, lignin, and extractives) already analysed by Wentzel et al. (2019). After
determination of the values, samples were statistically analysed by R studio to find the relations among the calorific
value, temperature, and wood components. The gross calorific value and net calorific value of the untreated sample
of Eucalyptus nitens were found to be 18.83 MJ/kg and 17.48 MJ/kg, and after thermal modification these increased
up to 20.24 MJ/kg and 18.84 MI/kg. Upon statistical analysis, the results for lignin showed a strong correlation with
the temperature of thermal treatment and calorific value.

Keywords: Eucalyptus nitens, gross calorific value, net calorific value, thermal modification, cellulose, hemicellulose,
lignin, extractives

Izvlecek: Na 13 vzorcih lesa Eucalyptus nitens je bila izmerjena zgornja in spodnja kalori¢na vrednost. 12 vzorcev je bilo
termi¢no modificiranih, en vzorec pa je bil nemodificiran. Kalori¢ne vrednosti vzorcev so bile dolo¢ene z uporabo bombnega
kalorimetra z upostevanjem lesnih komponent (celuloza, hemiceluloza, lignin in ekstraktivi), ki so jih Ze dolocili Wentzel et
al. (2019). S statistitnim programom R studio smo statisti¢no analizirali dobljene rezultate, da bi ugotovili povezavo med
kaloricno vrednostjo, temperaturo modifikacije in lesnimi komponentami. Ugotovljeno je bilo, da sta zgornja in spodnja
kalori¢na vrednost neobdelanega lesa Eucalyptus nitens znasali 18,83 MI/kg in 17,48 MJ/kg, po termi¢ni modifikaciji pa
sta znasali 20,24 MJ/kg in 18,84 MJ/kg, kar pomeni, da termic¢na modifikacija lesa povzroca visje kalori¢ne vrednosti.
Statistitna analiza je prikazala tesno korelacijo med deleZem lignina ter temperaturo in kaloricno vrednostjo.

Klju€ne besede: Eucalyptus nitens, zgornja kaloricna vrednost, spodnja kalori¢na vrednost, termic¢na modifikacija,
celuloza, hemiceluloza, lignin, ekstraktivi

1 UvoD
1 INTRODUCTION

Modification of wood through thermal heating
is applied to enhance certain properties to make
wood more suitable for various applications. Ther-
mal modification is altering the chemical wood
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structure, i.e., cellulose, hemicellulose, lignin, and
extractives, which ultimately improves the durabil-
ity as well as the dimensional stability (Todaro et al.,
2015). Biological decay and instability under a chang-
ing moisture regime are seen as a major drawback of
wood, compared to competing materials (Homan &
Jorissen, 2004). Properties that have been found to
get altered by thermal modification include shrink-
ing and swelling properties (Bak & Nemeth, 2012),
losses in wood mass and strength, lower equilibri-
um moisture contents, a higher mechanical stiffness
and modulus of elasticity (Kol et al., 2015) and im-
proved durability (Rapp, 2001). Likewise, the calorif-
ic value of wood might also be altered after thermal
treatments (Todaro et al., 2015).
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The energy content of wood, also known as
the calorific or heating value, is the amount of
heat released during wood combustion. It is the
energy units released when a unit of fuel under-
goes complete combustion in presence of oxygen
(Telmo & Lousada, 2011a). The calorific value of
wood can be expressed as the higher heating val-
ue (gross calorific value), and the low heating value
(net calorific value). The gross calorific value of a
wood sample is referred to as the specified ener-
gy ignition of woody biofuel per unit mass, burned
in the presence of oxygen in a bomb calorimeter
under clear and definite conditions, and expressed
in joules. The net calorific value refers to the val-
ue when the wood biofuel per unit mass is burned
in the presence of oxygen in a bomb calorimeter
under definite conditions, with the water remain-
ing in the reaction as water vapour (ISO 18125).
A higher heating value has water in a condensed
state, but for a lower heating value the water re-
mains gaseous (Acar et al., 2012). A lower heating
value rather than a higher heating value is obtained
when the moisture in a biofuel is reduced and the
water vapour that forms during hydrogen ignition
is excluded (Acar et al., 2012). The chemical nature
of wood determines the calorific value, which is di-
rectly linked to the species, and to the between and
within-variability of individual trees (Dhamodaran
et al., 1989).

Wood is widely used as an energy source by
people living in developing countries, who togeth-
er account for some 77% of the world population
(Trossero, 2002). Increasing demand for wood for
energy purposes calls for the more efficient utili-
zation of wood. Thermal modification has a vital
role in using limited wood resources more effi-
ciently. Previous studies depict the direct relation
between thermal modification and calorific values
in wood of several species (Todaro et al., 2015;
Calonego et al., 2016). The calorific value of wood
is dependent on the wood’s chemical constituents
(cellulose, hemicellulose, lignin and extractives)
(Telmo & Lousada, 2011b; Ngangyo-Heya et al.,
2016; White, 2007), which are affected by chang-
es in temperature (Todaro et al., 2013; Yildiz et
al., 2006).

This article aims to analyse the calorific val-
ue of thermally modified Eucalyptus nitens wood,
analysing several chemical constituents of wood,

finding the correlation between different wood
constituents and heating values, and establishing
the relationship between calorific values and wood
components through linear modelling. Eucalyptus
nitens is selected for this study because of its wide-
spread nature and the fact that it is also a very wild-
ly used plantation species.

2 MATERIALS AND METHODS
2 MATERIALIN METODE
2.1 SAMPLE PREPARATION AND THERMAL

MODIFICATION
2.1 PRIPRAVA VZORCEV IN TERMICNA

MODIFIKACIJA

Wood samples of Eucalyptus nitens (H.
Deane & Maiden) were thermally modified at
different temperatures in an earlier study, per-
formed by Wentzel et al. (2019). Samples origi-
nated from a Eucalyptus plantation in the Regidn
del Bio-Bio, Chile, with the plantation trees being
19 years old when sampled. Samples were sized
20*50*650 mm?® (radial*tangential*longitudinal)
and the average wood density was 663 kg/m?.
Samples were stored in a climate room having 20
°C / 65% RH, with the samples showing a mois-
ture content of 12% (£0.85%). The samples were
then dried in the simple kiln to avoid deforma-
tions and defects.

Modification was carried out in both an open
and closed system. In the open system the tem-
perature was increased at a rate of 12 °C per hour
until 100 °C was reached inside the vessel. Af-
terwards, the pre-drying process was continued
at heating rate of 2 °C per hour, until 130 °C was
reached. The temperature was again raised at the
rate of 12 °C per hour until the temperature re-
quired for the modification was reached, and the
temperature was then kept constant for 3 hours
and data on any modifications at that temperature
was recorded. The temperatures for the open sys-
tem of modification were 160 °C, 180 °C, 200 °C,
220 °C and 230 °C. For the closed system of mod-
ification, the WTT process by Willems (2009) was
carried out. The modification temperatures used
in the closed system of modification were 150 °C,
160 °C and 170 °C, with the relative humidity of
30% and 100% for each temperature.
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2.2 DETERMINATION OF WOOD COMPONENTS
2.2 DOLOCANIJE LESNIH KOMPONENT

Extractives, cellulose, hemicellulose and lignin
contents were determined by Wentzel et al. (2019),
who applied the wood and pulp test method T 204
c¢cm-07 (TAPPI, 1997) to achieve this. Measurement of
cellulose content was done by separation of lignin by
sodium chloride from holocellulose, followed by us-
ing sodium hydroxide solution for separation of cel-
lulose from the hemicellulose (Wentzel et al., 2019).

2.3 DETERMINATION OF GROSS AND NET

CALORIFIC VALUE
2.3 DOLOCITEV ZGORNIJE IN SPODNJE

KALORICNE VREDNOSTI

Determination of calorific value was done in
the laboratory of HAWK, Gottingen. Thirteen wood
samples modified at different temperatures were
used for the determination of their calorific val-
ues. The fine dust particles of the different samples
were subjected to a mechanical press to convert
them into pellets that weighed less than 50 mg. Cal-
orimeter C 7000 from the company IKA was used to
obtain the energy liberated during the combustion
of wood particles. One sample was put in a bomb

calorimeter three times for the calculation of the
calorific value. A bomb calorimeter was used since
it is easy to operate at high efficiency.

2.3.1 Calculation Procedure

2.3.1 Postopek izraCuna

The procedure and calculations for the gross calo-
rific value were done based on ISO 18125. Calcula-
tions for the gross calorific value and the net calo-
rific value were performed using software and the
following equation:

Q ...,=Q,.,-212.2x w(H),- 0.8 x [w(O),+w(N) ]

Where,

Q . .isthe net calorific value.

Q,,..is the gross calorific value.

w(H)is the amount of hydrogen content in percent.
w(0), is the amount of oxygen content in percent.

w(N), is the amount of nitrogen content in percent.

2.4 STATISTICAL ANALYSIS
2.4 STATISTICNA ANALIZA

Microsoft Excel was used to obtain various
graphs. R statistics were used to find the relation

Table 1. Wood components and calorific values at different modification temperatures
Preglednica 1. Spodnje kaloriéne vrednosti (NCV), zgornje kalori¢ne vrednosti (GCV) ter kemijska sestava
lesa pri razliénih temperaturah modifikacije; CS — zaprt sistem in OS — odprt sistem modifikacije.

Temperature [Celsius] NCV GCV Lignin** Extractives** Hemicellulose** Cellulose**
and relative humidity [%] [MJ/kg] [MJ/kg] [%] [%] [%] [%]
Unmodified 17.48 18.83 225 a7 27.4 48.3
150 and 30 (CS) 17.98 19.33 21.0 6.0 235 50.1
160 and 30 (CS) 17.7 19.05 231 7.6 17.6 513
170 and 30 (CS) 17.33 18.68 22.8 8.4 14.2 53.9
150 and 100 (CS) 17.19 18.54 254 12.7 59 55.7
160 and 100 (CS) 18.07 19.42 26.5 13.2 6.5 53.7
170 and 100 (CS) 18.73 20.08 318 10.1 10.3 49.7
160 (0S) 17.61 18.96 20.8 6.8 18.8 52.2
180 (0S) 17.62 18.97 235 9.0 18.7 48.6
200 (0S) 18.05 19.39 23.7 123 10.4 52.5
210 (0S) 18.89 20.24 274 12.7 10.8 493
220 (0S) 18.44 19.79 28.6 9.1 11.8 50.2
230 (0S) 18.72 20.07 36.9 7.4 12.2 45.8

GCV = Gross calorific value

CS = Closed system modification
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between different chemical components and cal-
orific values. Simple linear regression analysis was
applied for the estimation of the heating value.
Linear regression was also used to build the model
and predict the effects of the chemical components
on the heating value.

3 RESULTS
3 REZULTATI
3.1 EFFECT OF THERMAL MODIFICATION
3.1 UCINEK TERMICNE MODIFIKACLE

The calorific values and wood components
(cellulose, hemicellulose, lignin, and extractives)
of unmodified and thermally modified wood

samples of Eucalyptus nitens are presented in
Table 1. The results show that the gross and net
calorific values increased with thermal modifica-
tion. The maximum values were observed when
the samples were treated at 170 °C with a high
relative humidity. Similarly, with an increase in
temperature there was increase in lignin and ex-
tractive contents and decrease in cellulose and
hemicellulose. In the open system of modifica-
tion, as illustrated by Figure 2, the maximum rise
in calorific value was seen between 210 °C and
230 °C. Overall, in both systems of modification
an increase in the heating value was observed
with the increase in temperature for Eucalyptus
nitens.
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Figure 1. Open system

of modification: Net
(NCV) and gross (GCV)
calorific values of un-
treated wood and wood
modified at different tem-
perature regimes

Slika 1. Odprt sistem
modifikacije: Spodnje
(NCV) in zgornje kaloricne
vrednosti (GCV) netreti-
ranega lesa in lesa, mod-
ificiranega pri razlicnih
temperaturnih rezimih
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Figure 2. Closed system
of modification: Net
(NCV) and gross (GCV)
calorific values of un-
treated wood and wood
modified at different tem-
perature regimes

Slika 2. Zaprt sistem
modifikacije: Spodnje
(NCV) in zgornje kaloricne
vrednosti (GCV) netreti-
ranega lesa in lesa, mod-
ificiranega pri razli¢nih
temperaturnih rezimih
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3.2 STATISTICAL ANALYSIS
3.2 STATISTICNA ANALIZA
3.2.1 Temperature of both modifications

and calorific values
3.2.1 Temperatura modifikacije in

kalori¢na vrednost

The relation between calorific value and

temperature is illustrated in Figure 3. GCV (MJ/
kg) and NCV (MJ/kg) were found to be positively
corelated with temperature (°C), as seen in fig-
ures a and b.

3.2.2 Temperature and wood components
3.2.2 Temperatura in lesne komponente

Changes in wood constituents upon treating
with different temperatures are depicted by Fig-
ure 4. Cellulose and hemicellulose were found to
be negatively correlated with temperature (Figure
4 a and c) whereas lignin was positively corelated
and extractives increased slightly with tempera-
ture (Figure 4 b and d). From the statistical anal-
ysis, the effects of temperature on cellulose and
lignin were significant (shown in a and b), with
p-values of 0.0268 and 0.0226 at a 5% level of sig-
nificance.

3.2.3 Calorific value and wood components
3.2.3 Kalori¢na vrednost in osnovne sestavine lesa
The statistical relationship between calorific
values (GCV and NCV) and wood components (cel-
lulose, hemicellulose, lignin, and extractives) is elu-
cidated by Figure 5. The calorific value was found
to be negatively correlated with cellulose (Figure 5
a and b) and hemicellulose (Figure 5 c and d). How-
ever, the correlation was high in case of cellulose,
with a coefficient of -0.695. There was a positive
correlation of calorific value with lignin (Figure 5 e
and f) and extractives (Figure 5 g and h). Calorific
value was found to be positively and highly corelat-
ed with lignin, with a coefficient of 0.716 (lignin vs
GCV) and 0.715 (lignin vs NCV).

3.2.4 Linear relationship
3.2.4 Linearno razmerje

The effects of temperature, lignin and cellulose
were found to be significantly related to the calo-
rific value of wood. Therefore, multiple regression
analysis was carried out which includes these three
as independent variables and energy content as a
dependent variable. The results of the multiple re-
gression analysis are shown in Table 3.
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Figure 3. Relationship between temperature and calorific value; a (Temperature vs GCV) and b (Tempera-

ture vs NCV)

Slika 3. Razmerje med temperaturo in kalori¢no vrednostjo; a (temperatura v primerjavi z GCV) in b (tem-

peratura v primerjavi z NCV)
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24 Les/Wood, Vol. 70, No. 2, December 2021



Nepal, S., Wimmer, R., & Zelinski, V.: Analysing the effect of thermal modification on the calorific values of
Eucalyptus nitens wood

GOV kg

GOV L)

O (k)

GOV i)

a0
L

88

1810

185

i
L

183

185

195

i)
L

187

185

HNCW (M Lkg)

Celkicse (%)

L]
a

HEW (Mg,

HEV Mg

HEW (Mg,

Extracties (%)

8

w5

B0

REE

BE

B0

188

1.0

BE

B0

Extractiies (%}

h

Les/Wood, Vol. 70, No. 2, December 2021

Figure 5. Relationship
between calorific value
and wood components:
a (GCV vs cellulose),

b (NCV vs cellulose),

¢ (GCV vs hemicellulose),
d (NCV vs hemicellulose),
e (GCV vs lignin),

f (NCV vs lignin),

g (GCV vs extractives)
and h (NCV vs extractives)
Slika 5. Razmerje med
kalori¢no vrednostjo in
sestavinami lesa:

a (GCV v primerjavi

s celulozo),

b (NCV v primerjavi

s celulozo),

¢ (GCV v primerjavi

s hemicelulozo),

d (NCV v primerjavi

s hemicelulozo),

e (GCV v primerjavi
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Table 2. Linear relationship between calorific value (dependent variable) and various independent

variables

Preglednica 2. Linearna zveza med kaloricno vrednostjo (odvisna spremenljivka) in razliénimi neodvisnimi

spremenljivkami

Relation Model Multiple R Adjusted R p-value
squared squared
Calorific value and temperature (T) GCV =16.911+0.0137*T 0.4575 0.4033 0.0157
P NCV =15.557+0.0137*T 0.4590 0.4049 0.0154
Calorific value and lignin (L) GCV =17.1418+0.0861%L 0.5128 0.4641 0.0088
& NCV = 15.795+0.086*L 0.5116 0.4628 0.0089
Calorific value and cellulose (C) GCV =26.8268-0.1458*C 0.4844 0.4328 0.0119
NCV = 25.4687-0.1457*C 0.4832 0.4315 0.0121
Calorific value and hemicellulose (H) GCV =19.6692-0.02184*H 0.04204 -0.0537 0.5226
NCV =18.3213-0.0219*H 0.04241 -0.0533 0.5208
GCV: Gross calorific value; NCV: Net calorific value
Table 3. Multiple regression analysis
Preglednica 3. Analiza multiple regresije
Model Multiple R Adjusted R pvalue
squared squared
GCV =21.1194 +0.00419*T +0.04635*L- 0.07245*C 0.6569 0.5282 0.02903
NCV =19.74042 +0.00427*T +0.046104*L- 0.072019*C 0.6561 0.5272 0.02927
GCV=17.1101 +0.085762*L +0.004166*E 0.5131 0.4049 0.03920
NCV =15.760314 +0.08536*L +0.004599*EF 0.5121 0.4036 0.03960
GCV =21.36830+0.06390*-0.10565*C+0.03953*H+0.12669*E 0.7259 0.5692 0.03818
NCV = 20.16484+0.06259%-0.10733*C+0.03821*H+0.12582*E 0.7254 0.5685 0.03839

T = Temperature, C = Cellulose, H = Hemicellulose, L =

4 DISCUSSION
4 RAZPRAVA

Thermally modified samples of Eucalyptus
nitens wood led to an increase in the calorific value
of the wood in this experiment. As shown in Table
1, the gross calorific value and net calorific value
recorded in the untreated samples of Eucalyptus
nitens were found to be 18.83 MJ/kg and 17.48
MJ/kg, and after treatment the maximum values of
20.24 MJ/kg and 18.84 MJ/kg were recorded. The
relationship between temperature and calorific
value is also depicted by the high correlation be-
tween temperature and calorific value, as illustrat-

26

Lignin, E = Extractives

ed in Figure 3. When Eucalyptus nitens wood was
thermally modified, there was an increase in both
net and gross calorific values along with changes in
lignin, holocellulose and extractive contents. These
findings are similar to those found by Calonego
et al. (2016) for mature Eucalyptus grandis wood
when treated at 180 °C. Previous studies suggest
the change in czlorific value is a result of changes
in the wood components (Telmo & Lausada, 2011b;
Demribas, 2001). Furthermore, this relationship
between calorific value, temperature and wood
components is also elucidated by the results of the
statistical analyses (Figures 3, 4 and 5) and multiple
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regression model (Tables 2 and 3).

The results of the experiment showed an in-
crease in lignin content upon thermal treatment of
Eucalyptus nitens wood, as shown in Figure 4b. This
is also supported by the results of Esteves et al’s
(2008) experiment with Eucalyptus globulus wood,
where the lignin content was found to be increased
with autoclaving and oven drying of the sample.
Previous studies suggest that the formation of in-
soluble by-products and humification results in an
increase in lignin, which is the result of the hemi-
cellulose degradation (Tjeerdsma et al., 1998; Wik-
berg & Mannu, 2004; Esteves & Pereira, 2009).

The higher correlation between lignin and cal-
orific value demonstrated by this experiment, as
indicated by the higher correlation coefficient of
0.716, suggests a direct relationship between lignin
and calorific values, as the increase in the former
causes an increase in the latter. A similar corre-
lation was found by an experiment by Demribas
(2001) that examined 14 lignocellulosic materials,
where a higher correlation coefficient of 0.874 was
found between lignin and a high heating value. Pre-
vious studies note that the heating value is mostly
defined by the lignin content, as compared to hol-
ocellulose lignin has higher amounts of carbon and
hydrogen, which are the main heat producing con-
stituents in wood (Telmo & Lausada, 2011b; Dem-
ribas, 2001).

From the statistical analysis, cellulose was
found to be negatively corelated with temperature
and calorific value, as demonstrated by Figures 4a,
S5a and 5h. Cellulose is the most stable compound
due to its crystalline nature (Esteves & Pereira,
2009). The crystallinity of cellulose was found to
be less affected by temperature in previous stud-
ies (Bourgois et al., 1989; Yildiz et al., 2006). When
thermal modification is carried out, cellulose un-
dergoes some temporary effects of temperature
on its unstructured region (Bhuiyan & Hirai, 2005;
Wirkberg & Mannu, 2004). Hemicellulose was also
found to be negatively corelated with temperature
and calorific value in this study. Hemicellulose de-
grades first even at a relatively low temperature,
and the most common temperature for wood mod-
ification ranges from 180 °C to 250 °C (Esteves &
Pereira, 2009). When hemicellulose starts degrad-
ing, it forms acetic acid which acts as a catalyst for
the formation of furfural, formaldehyde and other

aldehydes (Tjeerdsma et al., 1998). As a result, the
percentage of the hemicellulose decreases even
at low temperature treatment. The extractive con-
tents in this experiment on Eucalyptus nitens were
initially increased upon heating, but gradually start-
ed to degrade with a further increase in tempera-
ture beyond 220 °C. Similar results were reported
by Esteves et al. (2008) for the extractives of Eu-
calyptus globulus upon heat treatment. Previous
studies suggest that when wood is thermally treat-
ed the volatile substances vanish, but degradation
of the cell walls leads to the creation of new com-
pounds (Esteves & Pereira, 2009).

5 CONCLUSIONS
5 ZAKUUCKI

The calorific value of Eucalyptus nitens wood
was found to be increased upon thermal modifica-
tion. The experiments showed that lignin was sig-
nificantly and highly corelated with temperature
and calorific value. Statistical analyses and compar-
isons with the results of previous studies indicate
that changes in temperature favour alteration in
wood’s chemical constituents and changes the cal-
orific value. Based on the results obtained in the
current work, it is concluded that wood with high
lignin content can result in high energy content. As
an increase in the calorific value was observed with
thermal treatment, Eucalyptus nitens wood can be
used efficiently for energy production after thermal
modification.

6 SUMMARY
6 POVZETEK

Les se zaradi svoje kurilne oziroma kaloricne
vrednosti v mnogih delih sveta uporablja kot po-
memben vir energije. Povecanje povprasevanja
po lesu za energetske namene zahteva ucinkovito
uporabo lesa. Ugotovljeno je bilo, da se s termic-
no modifikacijo lesa spreminja delez lesnih kom-
ponent, kar je kljucnega pomena za povecanje nje-
gove kaloriéne vrednosti. V HAWK, Hochschule fir
Angewandte Wissenschaft und Kunst, Gottingen, je
bila izvedena analiza vpliva termi¢nih sprememb na
kalori¢no vrednost lesa Eucalyptus nitens. Glavni cilj
raziskave je bil dolo€iti kalori¢no vrednost termicno
modificiranega lesa in ugotoviti razmerje med ka-
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lori¢no vrednostjo in temperaturo modifikacije ter
delezi lesnih sestavin. Za to Studijo smo uporabili
termi¢no modificirane vzorce lesa Eucalyptus ni-
tens pri razlicnih temperaturah, ki so jih pripravili
Wentzel et al. (2019). Po navedbah avtorjev je les
izviral iz nasada evkalipta v regiji Regio del Bio-Bio
v Cilu, vzorci pa so bili odvzeti pri starosti nasada
19 let. Zgornje in spodnje kaloricne vrednosti so
bile dolocene z bombnim kalorimetrom. Po dolo-
¢itvi kaloriénih vrednosti vzorcev, modificiranih pri
razlicnih temperaturah in znanih podatkih o delezih
posameznih komponent lesa (celuloze, hemicelulo-
ze, lignina in ekstraktivov), dolocenih v predhodni
studiji (Wentzel et al., 2019), je bila opravljena tudi
statisticna analiza za ugotavljanje zveze med kalo-
ricnimi vrednostmi, temperaturo modifikacije in
delezi lesnih komponent. Z uporabo statistichega
programa R-studio je bilo statisticno analiziranih 12
modificiranih in en nemodificiran vzorec.
Ugotovljeno je bilo, da sta bruto in neto ka-
loricna vrednost neobdelanega vzorca Eucalyp-
tus nitents 18,83 MJ/kg in 17,48 MJ/kg, po obde-
lavi pa sta bili izmerjeni vrednosti 20,24 MJ/kg in
18,84 MJ/kg, kar je pokazalo povecanje kaloricne
vrednosti zaradi termi¢ne modifikacije. Statisti¢na
analiza zgornje kalori¢ne vrednosti in temperature
je pokazala visoko korelacijo s korelacijskim koefici-
entom 0,676. Vrednost p pri linearni regresiji je bila
0,0152. Podobno smo opazili visoko korelacijo med
neto kurilno vrednostjo in temperaturo s korelacij-
skim koeficientom 0,677 in p-vrednostjo 0,015.
Rezultati korelacij med temperaturo modifi-
kacije, delezem celuloze, hemiceluloze, lignina in
ekstraktivov ter kalori¢ne vrednosti so pokazali ne-
gativno korelacijo vsebnosti celuloze in hemicelulo-
ze s temperaturo in pozitivno korelacijo vsebnosti
lignina in ekstraktivnih snovi s temperaturo. Analiza
korelacije kaloricne vrednosti z osnovnimi lesnimi
sestavinami je pokazala negativen vpliv deleza ce-
luloze in hemiceluloze na kalori¢no vrednost in po-
zitiven ucinek lignina in ekstraktivnih snovi. V obeh
primerih je bil vpliv lignina veéji. Koli¢ina lignina
je v tesni zvezi s kaloriéno vrednostjo. Korelacijski
koeficient med delezem lignina in zgornjo kaloric-
no vrednostjo je znasal 0,716, s spodnjo pa 0,715,
kar potrjuje tudi p-vrednost 0,0088 pri 5-odstotni
stopnji zaupanja. Pomemben vpliv deleza lignina
so podprle tudi raziskave drugih avtorjev. Esteves
et al. (2008) so izvedli raziskavo na lesu Eucalyptus

globulus in ugotovili, da se delez lignina povecuje
z avtoklaviranjem in susenjem vzorca v peci. Pred-
hodne $tudije so tudi pokazale, da nastajanje neto-
pnih stranskih produktov in rezultati humifikacije
povecajo delez lignina zaradi razgradnje hemice-
luloze (Tjeerdsma et al., 1998; Wikberg & Mannu,
2004). Podobno je bila visoka korelacija lignina s
kalori¢no vrednostjo prikazana tudi v poskusu, ki
ga je opravil Demirbas (2001) na 14 lignoceluloznih
materialih, kjer je bil ugotovljen visji korelacijski
koeficient 0,874 med ligninom in temperaturo. Ste-
vilne $tudije so pojasnile, da so visje temperature
vecinoma posledica visje vsebnosti lignina, saj ima
lignin visok delez ogljika in vodika, kar prispeva k
energetski vrednosti (Telmo & Lausada, 2011b; De-
mirbas, 2001).

Iz rezultatov statisticne analize in primerja-
ve rezultatov s predhodnimi Studijami je mogoce
sklepati, da termi¢na modifikacija ugodno vpliva
na spremembe delezev osnovnih kemicnih sesta-
vin lesa in s tem na kalori¢no vrednost. Na podla-
gi rezultatov lahko ugotovimo, da ima les z visoko
vsebnostjo lignina vecjo kaloricno vrednost. Ker je
bilo med termi¢no modifikacijo opazeno povecanje
kalori¢ne vrednosti, lahko les Eucalyptus nitens po
toplotni modifikaciji u¢inkovito uporabimo tudi za
energetske namene.
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