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INFLUENCE OF WOOD SPECIES ON PRODUCTION OF EMISSIONS NOX
CREATED AT LOW-TEMPERATURE OXIDATION OF FUEL NITROGEN IN

THE COMBUSTION PROCESS OF WOOD AND BARK1

Ladislav Dzurenda
Technical University in Zvolen - Slovakia

In this paper the volume of nitrogen in wood of our economically important coniferous and deciduous wood
species is analysed. There are specified the concentration values of nitrogen oxides in combustion products created at
low-temperature oxidation of fuel nitrogen in the combustion process of wet wood and bark in grate furnaces of heat
generators.

Due to different amount of nitrogen in wood and bark of individual species, the  concentration of nitrogen oxides
expressed as NO2 in dry combustion products from the combustion process of wet wood is different. While the average
values of concentration of NO2 in combustion products from the combustion process of coniferous wood species are
kNOx �  135 mg.mn.11%

-3, the concentration of nitrogen oxides in combustion products from combustion wood of de-
ciduous species is in the interval of values kNOx = 464 - 714 mg.mn.11%

-3. From combustion of bark of coniferous wood
species it is kNOx = 1178 - 1570 mg.mn.11%

-3 and bark of deciduous wood species kNOx = 1892 - 3783 mg.mn.11%
-3

.
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1 This paper has been made under the terms of the grant project VEGA-SR 1/0358/08 as result of the author’s
work with the assistance of VEGA-SR agency.

Introduction
Wood mass from silviculture and wood-process-

ing industry is, as a fuel, characterized by average
calorific capacity, high share of released combustible
and low share of ashes. It counts to natural renew-
able energy sources. To characterize and evaluate
the fuels used in industry , apart from the energetic
and economic viewpoint, evaluation from
enviromental viewpoint is advancing. Analyses of
combustion products from the process of combust-
ing point to the fact, that combustion products con-
tain apart from the main products of oxidation of
carbon and hydrogen CO2 and H2O also carbon mon-
oxide CO and nitrogen oxides NOx, aliphatic and aro-
matic hydrocarbons ΣC.

One of the unwanted pollutants in combustion
products from combusting of wet wood mass (wood,
bark, needles and leaves) at temperatures t = 650
– 950 0C are nitrogen oxides created in so called
low-temperature oxidation of nitrogen bound in fuel.
The different amount of nitrogen in individual parts
of organic matter of tree (Fig.1) and differences be-
tween individual wood species are the reasons of dif-
ferent concentration of nitrogen oxides in combus-
tion products from combusting of wood mass and
bark.

The objective of this contribution is the specifi-
cation of information about volume of nitrogen in
wood and bark of coniferous and deciduous trees and
production of low-temperature nitrogen oxides into
the atmosphere from combustion of wet wood mass
and bark with humidity wa = 40 – 60 % in grate

furnaces of heat generators.

Fig.1

Volume of nitrogen in dendromass.
The basic construction elements of wood mass

are carbon C, hydrogen H and oxygen O (approx. 95
– 98 % in dry mass). These elements are structured
into polymeric matter, such as cellulose, hemicellu-
lose, lignin and extractive (accesory) wood elements.
The fourth most abundant element in wood mass is
nitrogen N in accesory elements, in macromolecules
of: proteins (peptide bond CO-NH-), nucleic acids
(RNA,DNA), in chlorophyll, alkaloids, nucleotides and
pyridinucleotides. Amount of nitrogen in individual
parts of the tree (wood, bark, needles or leaves) is

green mass 
N = 2,0 – 3,0 % 

wood 
N = 0,01– 0,3 % 

bark               
N = 0,32 – 0,68  % 
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irregular (Fig.1)
The lowest amount of nitrogen is in wood N =

0,01 ÷ 0,3% Perelygin (1965), Marutzky.R., Seeger
K., (1999), Mindas– Staneikova (2004). Higher vol-
ume of nitrogen is in bark N = 0,32 ÷  0,68 %.
Amount of nitrogen in needles is up to 2 %  and in
leaves up to 3 % Blazej, A. (1973), Bencat, T. (1995).
The different amount of nitrogen is not only in or-
ganic mass of individual parts of the tree, but also
between individual wood species. Central Forest
Laboratory at Forest Research Institute in Zvolen

realized in the period of time between 1990 and 2003
tens of laboratory tests quantifying the share of ni-
trogen in the wood of economically important wood
species. The analysis of nitrogen volume in wood mass
is realized by mentioned workplace by an uniform
method on a single purpose analysator LECO FP 228.
In Table 1, there are shown the results of analyses
of determination of nitrogen volume in wood of some
coniferous and deciduous wood species realised by
this workplace in past period of time Mindas–
Staneikova (2004).

Table 1. Volume of nitrogen in wood of some coniferous and deciduous trees

Volume of nitrogen in wood Volume of nitrogen in bark Wood species [ %] [ %] 
Fir (Abies Alba L) 0,01 – 0,03 – 0,04 0,38 – 0,42 – 0,50 
Spruce (Picea Excelsa) 0,01 – 0,04 – 0,10 0,16 – 0,33 – 0,51 
Pine (Pinus Silvestris L) 0,02 – 0,03 – 0,05  0,26 – 0,42 – 0,61  
Beech (Fagus Silvatica L) 0,01 – 0,15 – 0,23 0,32 – 0,53 – 0,68 
Oak (Quercus Petraea L) 0,05 – 0,13 – 0,29 0,32 – 0,57 – 0,78 
Acacia (Robinia Alba L) 0,10 – 0,18 – 0,28 0,73– 1,06 – 1,23 
Hornbeam (Carpus Betulus L) 0,14 – 0,20 – 0,27 0,73 – 0,88 – 1,23 

The average amount of nitrogen in wood of
coniferous wood species is N = 0,03 % and in bark
of coniferous wood species N = 0,40 %. The results
of measuring of nitrogen volume in mentioned labo-
ratory point to a minimal scatter of values of nitro-
gen volume not only in analyses of individual conifer-
ous wood species samples, but also between conif-
erous wood species.

The average nitrogen volume in wood of hard
deciduous wood species is N = 0,16 % and bark of
deciduous wood species N = 0,76 %. Volume of
nitrogen in wood of hard deciduous wood species is
4-6 times higher than the average value of nitrogen
volume in wood of coniferous wood species.

Production of  NO2  from the process of com-
bustion of wet wood.

Combustion of wood with humidity wa � 30 %
at overflow of combustion air λ = 1,8 – 2,3 is
realised in furnaces of heat generators at tempera-
tures 650-950 0C. It is comfirmed also by technical
analyses and results of measurings of flame tempera-
ture in furnaces of heat generators while combust-
ing wet wood and bark Dzurenda (2003), Dzurenda
(2004).

At the given temperature in furnaces of heat
generators, the nitrogen oxides are created in the
process of combustion of fuel only by form of low-
temperature oxidation of nitrogen bound in fuel Pohl
(1983), Ibler-Kartak (1990), Nussbaumer (1991). The
mechanism of creating of NO from nitrogen in fuel is

following. In the first phase of combustion of wood
mass at temperatures 300-500 0C, gaseous combus-
tibles create. In this process, nitrogen in the fuel
changes into macrocompounds of tar and compounds
like: HCN, NH3 and N2. In the oxidation zone of the
flame, organic compounds containing nitrogen react
with oxygen and nitrogen monoxide NO (cca 95 %
from total NOx) are created. Nitrogen dioxide NO2,
nitrous oxide N2O, dinitrogen trioxide N2O3 and
dinitrogen pentoxide N2O5 are created in smaller
amounts. Since nitrogen monoxide NO reacts in at-
mosphere with air oxygen into nitrogen dioxide NO2,
in energetics and enviromental evaluations of fuels it
is customary to express the concentrations of nitro-
gen oxides NOx in combustion products by form of
nitrogen dioxide  NO2.
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Emissions of nitrogen oxides NOx, expressed as
nitrogen dioxide NO2  from the process of combus-
tion of 1 kg of wet wood or bark in furnace of a heat
generator in dependance on volume of nitrogen bound
in fuel N, are described by mathematical equation:

� � � �1rddaf
NO kg.kgWA1N*3,2857m

2
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where: Ndaf – mass share of nitrogen in combus-
tible of wood or bark [kg.kg-1],

Ad   – share of ashes in wood or bark [kg.kg-1],
Wr  – relative wood or bark humidity [kg.kg-1]

Concentration of nitrogen oxides NOx in com-
bustion products from the process of combustion of
wood expressed as nitrogen dioxide NO2 in dry com-
bustion products, at standard conditions (p0 =
101 325 Pa, t0 = 0 0C), in dependance on volume of
nitrogen in wood mass and conditions of combustion
is expressed  by the equation:
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where: Ndaf – mass share of nitrogen in com-
bustible of wood or bark [kg.kg-1],

Cdaf – mass share of carbon in combustible of
wood or bark [kg.kg-1],

Vvz-T – theoretical consumption of air for abso-
lute combustion of 1 kg of fuel [mn

-3 kg-1],

λ – overflow of combustion air [-].

Provided that the share of carbon in wood is
C = 49,5 %, in bark = 48 % Bla�ej (1973), Po•gaj
(1993), the stechiometric amount of air required for
theoretical (�=1) combustion of 1 kg of wood mass
is Vvz-T=4,64 m3.kg-1 and bark Vvz-T = 4,39 m3.kg-1.
The shown equation expressing the dependance on
volume of nitrogen in fuel and overflow of combus-
tion air acquires the form:

Wood:

� � � �36 .10*
64,4*160,4

*2857,3
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Bark:
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Concentrations of nitrogen oxides NOx ex-

pressed by form of nitrogen dioxide NO2 in dry com-
bustion products, created in the process of combus-
tion of wood and bark of individual wood species with
humidity wa = 50 % (Wr = 0,33 kg.kg-1), with over-
flow of air transported into the combustion area of a
furnace: λ = 2,1 after recalculation to standard state
conditions and production of emissions – nitrogen
oxides NOx from combustion of 1 ton of wood and
bark shows Table. 3

Table.3 Concentration of nitrogen oxides NOx expressed as nitrogen dioxide NO2 in dry combustion
products from the process of combustion of wood and bark of individual wood species and production

of emission from 1 ton of combusted wet wood or bark Wr = 0, 33 kg.kg-1

Amount of nitro-
gen in 1 ton of 
wet wood or bark 
Wr = 0,33 kg.kg-1.

Concentration of nitrogen oxides 
NOx in dry combustion products 
expressed as nitrogen dioxides 
NO2, at the reference volume of 
oxygen O2 = 11%, pressure p = 
101325 Pa, and temperature t = 
00C.

Production of emis-
sions NOx  from 
combusting  1 ton of 
wet wood or bark 
Wr = 0,33 kg.kg-1.

kg.t-1   mg.mn,11%
-3 kg.t-1 

Wood species 

wood bark wood bark wood bark 
Fir (Abies Alba L) 0,20 2,81 101 1499 0,66 9,23 
Spruce (Picea Excelsa) 0,27 2,21 135 1178 0,89 7,26 
Pine (Pinus Silvestris L) 0,20 2,95 101 1571 0,66 9,69 
Beech (Fagus Silvatica L) 1,00 3,55 535 1892 3,29 11,66 
Oak (Quercus Petraea L) 0,87 3,82 464 2035 2,86 12,55 
Acacia (Robinia Alba L) 1,21 7,10 642 3141 3,96 23,33 
Hornbeam (Carpus Betulus) 1,34 5,89 714 3784 4,40 19,35 

The values of concentration of NO2 in dry com-
bustion products of individual wood species shown in
Table 3. may be regarded as the highest values of
concentration of nitrogen oxides in combustion prod-

ucts created by form of low-temperature oxidation
of fuel nitrogen in the process of combustion of wet
wood. The values of concentration of NO2 in dry
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combustion products from the process of wood or
bark combustion are in comparison with the results
of emission-technological measurings of boilers com-
busting wet wood (Table 4.) above. The real mea-
sured lower values of concentration of NOx expressed
as NO2 in dry combustion products confirm the opin-

ions of several authors: Ibler, Z.– Karták, J.(1990),
Nussbaumer (1991), Guzenda – Swigon (1997),
Dzurenda (2003), that only a part of the nitrogen situ-
ated in fuel transforms in the process of combustion
to nitrogen oxides NO and NO2.

Table 4. Results of emission-technological measurings of concentration of NOx in dry combustion
products from heat generators

Wood 

Wood 
species wr

Flame 
tempera-

ture 

Volume of 
oxygen in 

combustion 
products 

Concentration of nitrogen oxides NOx in 
dry combustion products expressed as 
NO2 after recalculation to reference 
volu-me of oxygen O2 = 11 %, p = 
101325 Pa, t = 00C

Type of boiler 

[-] [%] [0C] [%] [mg.mn
-3]

NKM 1 160-V spruce  32 890 10,2 – 11,5  78 – 131 
VSD 1000 beech  45 860   9,8 – 12,0 257 – 315 

Conclusion
In this contribution are shown the values of ni-

trogen volume in wood and bark of individual wood
species determined on single purpose analysator
LECO FP 228. The average value of nitrogen in wood
of coniferous wood species is N = 0,03 % and in
bark of coniferous wood species N = 0,40 %. The
amount of nitrogen in wood of hard deciduous wood
species is 4-6 times higher with average value N =
0,16 %. The average vlaue of nitrogen in bark of
deciduous wood species is  N = 0,76 %.

The different volume of nitrogen in wood of in-
dividual wood species is the reason of different pro-
duction of nitrogen oxides NO2 from heat generators
combusting wet wood created by form of low-tem-
perature oxidation of fuel nitrogen. The average val-
ues of concentration of NOx in dry combustion prod-
ucts of coniferous wood species are up to kNOx ?
135 mg.mn.11%

-3 and wood of hard deciduous wood
species are in interval of values kNOx = 464-
714 mg.mn.11%

-3. From combustion of bark of conif-
erous wood species the concetrations of NOx are
kNOx = 1178 - 1570 mg.mn.11%

-3 and bark of decidu-
ous wood species kNOx = 1892 - 3783 mg.mn.11%

-3.
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