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Abstract. Experimental investigations have been performed, during which different kinds of wood have been burnt (fire-
wood, wood granules, wood briquettes, sawdust) with the aim to determine the quantities of gases emitted in the air. For
the investigation a water boiler burnt by solid fuel with a nominal capacity of 20 kW was applied. For testing gas analyser
Testo-350 was used to measure the quantity of gas dispersed into the air (in carbon monoxide — CO and nitrogen oxides —
NO, smoke, the quantity of oxygen — O,, the smoke temperature of concentrations in the measurement spot). The quanti-
ties of harmful gaseous materials have been measured burning different kinds of wood.

The smallest quantities of gaseous materials have been obtained in the process of burning wood granules. The possibility
to regulate the combustion process diminishes the gas emission.

Keywords: burning, wood granules, wood briquettes, local fuel, boiler of solid fuel.

1. Introduction

To satisfy the increasing energy demands, more and more
organic fuel is burnt and much more gases, causing the
greenhouse effect (carbon dioxide, nitrogen oxide, meth-
ane, etc.) get into the atmosphere (Vrubliauskas and
Pedisius 2005). Consequently, use of local and shifting
energy resources has been increasing in recent years.

The need to use shifting energy resources occurred
when it was noticed that human activities were making
negative effect on the climate’s change. Energetics is the
major source of gas emission causing the greenhouse
effect in Lithuania. It happens so, as carbon dioxide is
formed in the process of fuel burning. This gas concen-
trates in the atmosphere causing the phenomenon of
global warming.

Another cause promoting the use of shifting energy
resources is that the resources of mined fuel, i.e. coal,
petroleum, gas are shrinking.

The development of energy manufacturing from
shifting energy resources is the major goal of energy
policy of the Republic of Lithuania indicated in the Ener-
getics Law of the Republic of Lithuania (2002). The na-
tional energy policy (2007) provides for “aiming at a
quantum of shifting energy resources in the primary en-
ergy balance in 2010 comprising up to 12% of the total
energy input”.

Biological fuel is a shifting energy resource making
the least negative impact on the environment. This kind
of fuel is mined and produced in Lithuania. The industry
can lead to the solution of economical and social prob-
lems - the decrease of energetic dependence of the state

on imported fuel (coal, petroleum, gas), the reduction of
pollution of environmental air, establishment of new
working places alongside with new sources of revenue in
rural districts, and a positive influence on the country’s
ecological situation (Pedisius 2002).

The most promising shifting energy resource is as-
sorted biological energy. The resources of biological
energy involve miscellaneous wood fuel (firewood, shin-
gles, sawdust, wood granules, wood briquettes, grass,
straw, grain). Biogas and dumping gas are also ascribed
to the types of biological fuel (Developing... 2004). Cur-
rently various kinds of wood fuel are most widely used of
all types of shifting energy resources in Lithuania.

Carbon dioxide (CO,), as well as noxious carbon
monoxide- carbon (CO), nitrogen oxides (NOy) and many
other compounds are inevitably exuded during each burn-
ing process. On the contrary, use of wood fuel for heating
has a far less effect on the environment than the use of
mined fuel (Manual... 2005). The burning process of
wood fuel produces less carbon dioxide (CO,) and ni-
trogenous oxides (NO,) than burning processes of oil
products or coals. Furthermore, composition of sulphur
dioxide (SO,) and heavy metals is very low in combus-
tion of these products. CO, produced in the burning pro-
cess of wood fuel, is a part of natural carbon cycle in the
nature, therefore it does not count and is equated to a zero
(Misko... 2003).

The aim of this study is to confirm experimentally
amounts of noxious gas (CO, NOy) exuded into the envi-
ronmental air during the processes of combustion and
ascertain the optimal type of fuel in the terms of envi-
ronmental air pollution.
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2. Testing technique

In pursuance of carrying out the experimental investiga-
tions, a solid fuel water boiler for the heating of various
wood fuel was used. The nominal capacity of the boiler
was 20 kW.

A programmable digital controller V 31 was used
for monitoring and optimization of granular fuel burning.
Wood granules of the diameter of 6—8 mm, extruded from
sawdust, are mechanically passed into the boiler’s burner
for the combustion process. Solid fuel (firewood, coal,
etc.) can be loaded into the boiler’s burner through an in-
load door and burnt inside there.

The experiments were carried out on the grounds of
the requirements of Lithuanian standard LST EN 303-5.
The amount of the boiler’s emission was calculated dur-
ing the nominal heating capacity. Composition values of
carbon monoxide (CO) and nitrogen oxides (NO,), smoke
temperature and values of oxygen (O,) were being de-
fined throughout the whole investigation period.

Composition values of carbon monoxide (CO) and
nitrogen oxides (NOy), as well as oxygen composition
(0,) in smoke and smoke temperature were being esti-
mated in the measurement places. Hard particles and
hydrocarbons were not measured. The estimations of gas
products were performed by the smoke analyser Testo-
350. Promiles (ppm) on the analyser correspond to a
thousandth part of a percent, i.e. they indicate the quan-
tum of the material existing in the air.

Before starting the burning test of firewood, wood
briquettes and sawdust, the boiler is heated with full in-
load of the fuel (reaching maximum filling height) till it
reaches normal working conditions.

The probationary period begins with the accom-
plishment of the obligatory heating basis.

The probationary period starts counting from the
moment when the fuel is placed upon the burning base
and finishes at the following in-load. In-load and ignition
are reckoned into the testing time.

Before starting the test of granule burning, the boiler
is heated till the working temperature using an appropri-
ate amount of fuel. When necessary burning basis is for-
med, estimations of pollutant compositions are begun.

The fuel parameters used for testing are shown in
Table.

3. Testing results and their analysis

Fuel burning is a chemical reaction of its combustible
components with oxidiser (air oxygen). In case fuel and
oxidiser take different states, system is called heteroge-
neous.

The speed of burning reaction depends on the che-
mical constitution of responsive substances, their compo-

Characteristics of the tested fuel

sition and physical conditions, namely temperature, pres-
sure and volume (Streimikiené 2004).

Theoretically estimated air quantity necessary for
fuel burning is not enough to start the combustion, due to
the boiler’s technological imperfection and insufficient
commixture of fuel and air. That is to say, the amount of
air supplied to the boiler is always higher than theoreti-
cally calculated amount of air.

The ratio value of air excess depends on the type of
fuel, its burning manner, the boiler’s design and other
factors. It has to be from 1.3 to 1.4 for solid fuel. In the
process of burning one should avoid air excess because
the higher the excess, the more heat is necessary for its
warming. This results in lower burning temperature mak-
ing the boiler less economical (Sven&ianas 2003).

In case the ratio of air excess is too high, not all
oxygen is utilized in oxidation reactions or is withdrawn
together with smoke.

Alongside the main burning products eliminated
during the burning process of fuel, a number of detrimen-
tal substances are discarded, i.e. emissions which pollute
the environment. Combusting biofuel is considered to be
free of emissions. In fact they exist, only their amount is
much smaller than burning mined fuel.

Diagrams were made for the analysis of the course
of burning process (Figs. 1-5) presenting the results of
separate burning processes during the whole period of
combustion.

Fig. 1 presents the buning process of wood granules.

In the process of ignition, wood granules fall from
the fuel tank into the burner where they are ignited. The
main element of the combustible burning mass is coal. It
makes the proportion of 50-60% of the wood. The com-
position of carbon monoxide varies from 127.78 to
343.18 mg/Nm’ in the burning process of wood granules.
The largest composition of CO (343.18 mg/Nm’) was
fixed on the 67™ minute of burning. The CO composition
varies in a very short interval because the fan blows air
into the burning area. Smoke temperature is = 250 °C.

Nitrogen, forming part of the wood structure, in reac-
tion with oxygen becomes oxidized and overpasses the
burning products. The composition of nitrogen oxides
(NO,) varies fractionally from 158.52 to 254.94 mg/Nm’.
The highest concentration of 254.94 mg/Nm’ was fixed on
the 54th minute of burning. Smoke temperature was rang-
ing from 212 to 263 °C. The amount of oxygen in smoke
was changing from 4.7 till 9.8%.

A large surface and a sufficiently big amount of
oxygen, which is provided in the form of air, are neces-
sary for good firewood burning. The coal existent in the
composition of wood reacts with the air oxygen. When
firewood burns in insufficient amount of oxygen, the
incompletely burned gas is formed, i.e. carbon monoxide

Properties/Type of fuel Birch firewood Wood granules Wood briquettes Sawdust
Caloric content (kJ/kg) 15059 17 660 17610 12 570
Amount of sulphur (%) 0.09 0.06 0.07 0.08
Humidity (%) 18 6-7 6.8 30
Ash-content (%) 1 0.49 0.66 1
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Fig. 1. Change of composition and temperature of smoke burning wood granules
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Fig. 2. Change of composition of smoke burning fire-wood

‘ —e— NOx, mg/Nm? Smoke temperature, ?2C

400

350 .-
Ay LT

/f Ly

200 I |
J 1
150 l

Concentration (mg/Nm?), temperature (°C)

100\\\\\\\1\\

T 1 T 1 1 T 1 T 1T T 1 T 1 T T 1T 1T T T 1 T T T1

1 3 5 7 9 11
Combustion time, min

T T 1

T 1

L

13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51

Fig. 3. Change of composition and temperature of smoke burning fire-wood
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Fig. 4. Change of composition and temperature of smoke burning wood briquettes
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Fig. 5. Change of composition and temperature of smoke burning sawdust

(Defanas et al. 2001). Fig. 2 shows that the burning proc-
ess of firewood is very unstable. The reason is, that during
the burning process of firewood it is very difficult to con-
trol the burning process as well as the supply of air into the
combustion chamber which is controlled by the primary
and the secondary bolts. Because of the uneven firewood
burning process, CO smoke constitution varies at a very
wide range — from 200 to 33253 mg/Nm’. The highest
concentration of carbon monoxide (33253 mg/Nm®) was
fixed on the 31* minute of burning. The least was recorded
on the fifth minute — 200 mg/Nm’.

Temperature of smoke and composition of NO,
were fluctuating over a period of time during the combus-
tion, i.e. temperature of smoke was ranging between 140
and 261 °C, whereas concentration of nitrogen oxides
was ranging between 150 and 350 mg/Nm’® (Fig. 3).

As the figures show, burning process of wood bri-
quettes (Fig. 4) was similar to the burning process of
firewood. It was due to the uneven supply of oxygen to
the combustion chamber and high leaps of composition of
carbon monoxide ranging between 82,03 and
1546,15 mg/Nm’. The composition rise was determined
by the temperature decrease in the combustion chamber

(Kavaliauskas and Katinas 2004). Concentration of nitro-
gen oxides and temperature of smoke were very similar to
the previous cases (from 173.52mg/Nm’ to
345.35 mg/Nm®). When sawdust is burning, a bigger
amount of carbon monoxide is emitted in the air because
sawdust is powdery and in the process of burning small
surface area is exposed to oxygen. The fuel burning re-
sults in smouldering and incomplete combustion.

CO gets in the atmosphere or part of unburnt fuel re-
mains in ash (Streimikien¢ and Bubeliene 2005). Thus the
environment is exposed to pollution, and the boiler to du-
rability and efficiency decrease. Carbon monoxide concen-
trations varied from 109.96 to 3549.53 mg/Nm’. Smoke
temperature and concentration of nitrogen oxides remained
stable — 172-256 °C and 212.74-430.98 mg/Nm’.

4. Comparable pollution analysis

As final part of the investigation process, comparative
pollution analysis was carried out based on the experi-
mental evidence. Carbon monoxide formation in the
process of combusting different kinds of fuel is presented
in Figs. 6 and 7.
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Formation of carbon monoxide can be determined
by several factors. One of them is moisture of solid fuel.
Combusting moist fuel results in smouldering, therefore,
more of CO is formed. Most CO was formed when fire-
wood was burning — average CO concentration was
5368 mg/Nm’, and the biggest 33253 mg/Nm’. As the
quantity of oxygen in the moment of combustion was
sufficient, that could have happened because firewood
slumped into the burning chamber.

It was also noticed that the least carbon monoxide
was emitted burning granules (200 mg/Nm®) — 27 times
less than burning firewood (Fig. 7).

Burning sawdust discharges CO 4.7 times more than
granules, and 2.7 times more than briquettes. Wood bri-
quettes discharge 15 times less CO than firewood and 2.7
times less than sawdust. Maximum CO concentration
variations were established combusting firewood and
lowest CO concentration variation was registered when
wood granules were combusting.Therefore, to improve
the sawdust’s combustion it is recommended to mix it
and other kinds of fuel.

Emission of nitrogen oxides is determined by fuel
composition (Jankauskas 2004). Nitrogen makes 0.2% of
wood. During fuel combustion nitrogen does not emit
heat and passes to combusting products, therefore, it is
undesirable element of fuel (Kugelevi€ius er al. 2005).
Quantity of nitrogen oxides is determined by the tempera-
ture of combustion. Having decreased the temperature in
the centre of torch, quantity of oxidized air nitrogen as
well as quantity of nitrogen oxides decrease. Quantity of
nitrogen oxides is also influenced by concentration of
free oxygen: having decreased its emission of nitrogen
oxides decreases as well. Most nitrogen oxides are emit-
ted combusting sawdust (344 mg/Nm®), and least — wood
granules (201 mg/Nm”) (Fig. 8). Combusting other kinds
of fuel nitrogenoxides are emitted in smaller amounts
than combusting sawdust: granules 1.7 times, briquettes
1.6 times and firewood 1.2 times less than sawdust. Most
concentration variations during the burning were estab-
lished when sawdust was combusting, and least — burning
wood granules.

5. Conclusions

During the experimental research, burning different kinds
of wood fuel — sawdust, wood granules, wood briquettes
and firewood, the following was established:

Most carbon monoxide is formed combusting fire-
wood (average CO concentration was 5368 mg/Nm’), and
least — burning wood granules, which is 27 times less
than combusting firewood. Least fluctuation of CO con-
centration was observed combusting wood granules, and
most — burning firewood.

Most nitrogen oxides (NO,) were discharged com-
busting sawdust (344 mg/Nm”®), and least — wood gran-
ules (201 mg/Nm’®), that is 1.7 times less. Briquettes
(220 mg/Nm°) and firewood (285 mg/Nm®) take medium
position in respect to nitrogen oxides. Maximum concen-
tration fluctuations during the burning process were es-
tablished combusting sawdust, and minimum — wood
granules.

In comparison to other kinds of wood fuel burning
granules form least gaseous products. Possibility to control
combustion process reduces quantity of discharged gases.
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APLINKOS ORO TARSA DEGINANT SKIRTINGAS MEDIENOS KURO RUSIS MAZO GALINGUMO
KATILUOSE

I. Gimbutaité, Z. Venckus
Santrauka

Eksperimentiniy tyrimy metu buvo deginamas jvairiy riiSiy medienos kuras — malkos, granulés, briketai ir pjuvenos,
siekiant nustatyti degimo metu | aplinkos ora iSsiskirian¢iy dujy kiekius. Tyrimams naudotas kietojo kuro vandens
Sildymo katilas, skirtas jvairioms patalpoms $ildyti, kurio nominalusis galingumas 20 kW. Bandymo metu dujy analizato-
riumi Testo-350 iSmatuotos degimo metu i aplinkos org iSsiskirian¢iy dujy — anglies monoksido (CO), azoto oksidy (NOy)
koncentracijos dimuose, deguonies (O,) kiekis, taip pat dimy temperatiira koncentracijy matavimo vietoje. I3analizuoti
i$siskyrusiy degimo metu dujiniy terSaly kiekiai deginant skirtingas medienos kuro rasis.

Maziausiai dujiniy medziagy, palyginti su kitomis medienos kuro raSimis, susidaro deginant granules. Galimybé
reguliuoti granuliy degimo procesa sumazina iSmetamy dujy kieki.

Reik$miniai ZodZiai: degimas, medienos briketai, medienos granulés, vietinis kuras, kietojo kuro katilai.

3AT'PAI3BHEHUE ATMOC®EPHOI'O BO31YXA I'A30BbIMU BbIBPOCAMMU ITPU CXKUT'AHUN
PA3JIMYHBIX BUAOB JPEBECHOI'O TOIIVIMBA B KOTJIAX HEBOJIbITIOU MOIIHOCTH

H. I'umOyTaiiTe, 3. BeHukyc
Pesome

IIpoBeneHbl KCIEpUMEHTAIBHBIE MCCIIEA0BAHNS CKUTAHUS Pa3JIMUHBIX BHJOB JPEBECHOTO TOILIMBA — JAPOB, I'paHyl,
OpHUKETOB, OMUIOK — C eI YCTAHOBUTH KOJIMYECTBO MOMAJAIOIIUX B aTMOC(EpPy T'a30BBIX BHIOPOCOB, 00Pa3yIOIIUXCS
BO BpeMsl CXHMraHus. J[jis SKCIIeprMEeHTa UCIIOJIB30BaH BOSTHON KOTE!I, TT0J0TPEBAEMBIiT TBEPABIM TOIUTMBOM. MOIITHOCTH
kotma — 20 kW. Ta3oBble BBIOpOCHL Momajalomue B arMocdepy B Mpolecce TOPEHUs, HM3MEpsUIUCh T'a30BBIM
ananusaropom Testo-350. Ycranosnens! koHueHTpanun CO u NO, B JbIMOBOM NOTOKE, koiudectBo O,, Temmeparypa
JIbIMa B MECTaX M3MEpeHust KOHUeHTpauui. [IpoaHanM3mpoBaHbl KOJMYECTBEHHBIC MOKA3aTENd Ta30BBIX BBHIOPOCOB,
00pa3oBaBUIMXCS MPH CKUIAHUM PA3JIMYHBIX BHJOB JIpeBeCHHbl. HauMeHbluee KOJIMYECTBO Ta30BbIX BHIOPOCOB MO
CPaBHEHMIO C IPYTMMH BHAAMH JIPEBECHOTO TOIUIMBA 00pa3yeTcsl MPH CXKUIaHWM JAPEBECHBIX IpaHyl. Bo3MOXHOCTH
PEryIpOBaTh MPOILECC CKUTAHUS TPAHyJl YMEHBIIAET IMUCCHIO I'a30B.

KuroueBble cioBa: cxxuraHue JAPCBCCUHBL, IPCBECHBIC I'PAHYJIBI, IPCBECCHBIC 6pI/IKCTLI.
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