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MAREK JUSZCZAK'

CONCENTRATIONS OF CARBON MONOXIDE

AND NITROGEN OXIDES FROM A 15 kW HEATING BOILER
SUPPLIED PERIODICALLY WITH A MIXTURE
OF SUNFLOWER HUSK AND WOOD PELLETS

The impact of periodic feeding mode on the concentrations of carbon monoxide (CO) and nitro-
gen oxides (NO, NO,) in the flue gas downstream the boiler was analyzed during firing of a mixture
of sunflower husk and wood pellets in an overfeed furnace. The mixtures containing 100, 70 and
50 wt. %, of sunflower husk pellets were supplied to the boiler in two feeding modes: 1 s of operation
4 s of stand-by and 1s of operation 6 s of stand-by. Correlation between pollutant concentrations and
the temperature in the combustion chamber was evaluated. The following concentrations of CO for
various feeding modes and sunflower husk pellet proportions have been obtained: 1:6, 100%
— 6150 mg/m’, 1:6, 70% — 3360 mg/m’, 1:6, 50% — 2600 mg/m®, 1:4, 100% — 4580 mg/m’, 1:4, 70%
— 2570 mg/m’, 1:4, 50% — 870 mg/m’ for 10% O, content in the flue gas. The study indicates the ad-
visability of reducing the stand-by period in the pellet feeding system.

1. INTRODUCTION

Limited availability of high quality and cheap wood pellets in Poland (that are cur-
rently used in power plants) aroused interest in agricultural biomass pellets as fuel for
heating boilers with low heat output. In southern countries such as Italy or Spain, agri-
cultural produce residues, e.g. tomato [1] or grape residues [2], are thermally proc-
essed after being dried, however concentrations of carbon monoxide (CO) can reach
a few thousand mg/m’ (10% O, content in the flue gas) and are much higher than
emission from wood pellet combustion (in high quality boilers much below 1000, or
even 500 mg/m’ [3]). Due to low ash melting temperature, agricultural biomass should
be fired at temperatures lower than 700 °C [4, 5], in order to avoid the production of
slag that hampers furnace operation and the combustion process [6]. Also chlorine
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content is an important factor in biomass combustion as it can form KCI that melts at
a low temperature. Therefore, it is recommended to use additives such as Ca(OH), or
dolomite that react with chlorine and impede KCI formation [7-9].

Presently in Poland almost no furnaces of low heat output are in use, specifically
adjusted for firing selected kinds of agricultural biomass pellets. Therefore, attempts
are made to fire them in wood pellet furnaces, where combustion temperature may
reach up to 900 °C. This generates problems in furnace operation caused by slag that
is produced when firing biomass at a high temperature. This results in deterioration of
the combustion process and elevated CO concentrations in the flue gas. For this rea-
son, firing biomass in wood pellet furnaces gives much better results when biomass
pellets are fired in a mixture with wood pellets [10]. Due to a temperature that is better
adjusted to the fuel type, the combustion process can be improved and slagging phe-
nomenon that occurs above 1000 °C (being the wood ash melting point) can be mini-
mized [11].

The majority of wood pellet furnaces with low heat output, even those produced
by renowned manufacturers, do not enable regulation of fluent pellet stream. Instead,
they use periodic fuel supply, which means that in order to achieve the defined boiler
heat output, one needs to set the fuel stream by manually modifying the operation and
stand-by time of the fixed-speed screw feeder, as well as the stream of air for combus-
tion. The fact that air stream is not reduced during the stand-by period in pellet feeding
causes lowering of the temperature in the combustion chamber and excessive increase
of oxygen concentration, and as a result an increase of concentration of CO. This is
why fluent pellet feeding system would seem to be more beneficial. In periodic fuel
supply during the stand-by period, the concentration of nitrogen oxides (NO, NO,)
barely changes, because while the feeder is in stand-by two opposite factors poten-
tially altering nitrogen oxides concentration are having an effect: on one hand the in-
creased oxygen concentration causes nitrogen oxides concentration to raise, on the
other, the decreased temperature causes its reduction [4, 12]. Therefore, NO and NO,
concentrations at the temperature in the furnace of below 700 °C mostly depend on
nitrogen content in the fuel. Interesting study results in the area of pollutant emission
from firing biomass and other fuels can be found in the references [13—15].

In the studies conducted at the Poznan University of Technology, a series of boil-
ers and furnaces have been examined in search for a device that would enable firing
wood pellets with low CO emission and the highest possible heat efficiency. The re-
search has also been focusing on devices for firing agricultural biomass pellets in
a mixture with wood pellets. The presented study is a continuation of previous studies
performed in the same experimental heating station [10]. A boiler with similar nomi-
nal heat output and a furnace of similar design and functionality were used. Nonethe-
less, the previous boiler was characterized by a more outdated design, very low heat
efficiency and was mainly used for studies of emission from firing deciduous and co-
niferous wood logs. The currently used boiler has much higher heat efficiency, the
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slagging tendency of the furnace is not as significant and the combustion process can
be conducted at a slightly higher temperature (yet below 700 °C). It is not necessary to
cool down the combustion chamber with as high air stream as it was the case in the
previous studies [10].

The aim of the study was to determine the concentrations of CO and nitrogen ox-
ides from firing sunflower husk pellets alone and in a mixture with wood pellets, in
a 25 kW heating boiler located in a full scale heat station in conditions resembling the
real ones.

2. EXPERIMENTAL

Wood and sunflower husk pellets of 8§ mm in diameter and 10 to 35 mm long and
chemical composition determined by an accredited laboratory (Table 1) were investigated.
The weight proportion of sunflower husk pellets in the mixture was: 100, 70 and 50%.

Table 1

Chemical composition of the material [%]

Lower heating

Fuel type C |H| N S Cl | Ash | Moisture value [MJ/ke]
Spruce wood 49.816.30.13]0.015]0.03] 0.5 6.3 19.0
Sunflower husk | 49.6 | 6.0 | 0.86 | 0.040 | 0.18 | 1.9 7.9 18.5

Fig. 1. 25 kW heating boiler with an open combustion chamber to show the position
of the thermocouple, overfeed channel furnace located in the combustion chamber
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The boiler (Fig. 1) was not equipped with an automatic device for air stream regu-
lation with an oxygen probe, that is usually placed in the flue gas downstream the
boiler. An overfeed channel furnace with periodic pellet feeding system and fixed-
-speed screw feeder was installed in the boiler. During the experiments, the pellet
screw feeder was set to two different working modes: 1 s of operation 4 s of stand-by
and 1 s of operation 6 s of stand-by. Air stream for combustion was adjusted manually
at the beginning of each test (for each mixture and mode separately), while monitoring
the indications of the CO analyzer and observing the furnace through a sight glass, in
order to obtain the lowest possible values of concentration CO. The experiments were
conducted for ca. 5 h for each mixture and pellet feeding mode. As significant varia-
tion of measured parameters was anticipated due to ash melting and sintering (based
on the previous experience from the study performed with a slightly different boiler
and furnace [10]), the measured values were averaged within 30 min measurement
cycles.

Concentrations of gas pollutant in the flue gas downstream the boiler were
measured using a Vario Plus (MRU) flue gas analyzer: concentrations of oxygen and
nitrogen oxides were measured with electrochemical cells while concentrations of
CO and hydrocarbon using the infrared procedure. Parameter values were collected
every 2 s, recorded in the computer, and mean values were calculated for each
30 min measurement period. The flue gas analyzer calculated the NO, concentration
as a total of the concentrations of NO (calculated to NO;) and NO,. The temperature
in the combustion chamber was measured ca. 0.3 m above the furnace with a radia-
tion shielded thermocouple Pt-Rh-Pt and recorded similarly to pollutant concentra-
tions. Dust concentration in the chimney was measured using a gravimetric dust
meter with isokinetic aspiration. The boiler heat output and the quantity of heat
transferred to the boiler water were measured with an ultrasonic heat meter and re-
corded continuously. Fuel stream was measured several times using a weighing de-
vice (Sartorius scales). The boiler heat efficiency was determined using the direct
method as heat absorbed by the boiler water divided by the mass of fuel fired multi-
plied by fuel lower heating value.

3. RESULTS AND DISSCUSION

Table 2 and Figures 2 and 3 show time and temperature dependences of concen-
tration of CO in the combustion chamber, respectively, for 30 min periods during
which the slagging phenomenon was insignificant. Dust concentration did not exceed
50 mg/m’, which is much below the permitted values [8]. The tendency of ash to form
deposits on heat exchange surfaces was observed. The concentration of hydrocarbons
(calculated to CHy) was also negligible as it did not exceed 70 mg/m* (10% O,).
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Table 2

Concentrations of CO and nitrogen oxides from firing the mixture of sunflower husk pellets
and wood pellets (all values in the table are mean values calculated for each five-hour period)

Fuel proportion Concentration ) Temperature Boiler heat
feeder operation: Air in the. Fuel mass
stand-by time ) ) . . excess | combustion Output | Efficiency | stream
CO" | NO' | NO: | O2[%] | ratio chamber” kW] [%] [kg/h]
[s] ] [ o

0
}?6“’ sunflower | 1501 420 | 640 | 144 | 33 470 7.7 45 3.05
70% sunflower
30% wood 3560 | 310 | 470 13.7 2.9 520 11.5 54 4.10
1:6
50% sunflower
50% wood 2600 | 300 | 460 129 2.6 630 9.2 46 3.80
1:6

0
}?f”’sunﬂower 4580 | 550 | 840 | 114 | 22 560 11.2 42 5.10
70% sunflower
30% wood 2570 | 470 | 720 114 22 630 11.7 43 5.20
1:4
50% sunflower
50% wood 870 | 350 | 535 9.0 1.8 690 14.6 51 5.50
1:4

'Concentration mg/m® presented for 10% O, content in the flue gas.
Approximately 0.3 m above the furnace.

In view of the sufficient amount of air delivered to the furnace (air excess ratio
was ca. 1.8-3.3), the value of CO concentration was mainly influenced by the tem-
perature in the combustion chamber (Table 2). During the experiments, the tempera-
ture in the furnace was below 700 °C and ash melting and sintering were not signifi-
cant. On the other hand, during firing in such low temperatures concentrations of CO
were high, as only at above ca. 650 °C efficient oxidation to carbon dioxide occurs
[12]. The CO concentration was lower in the case of the fuel feeding mode with
a shorter stand-by period.

The concentration of nitrogen oxides in the flue gas was high, reaching 700 mg/m’
(Table 2). Polish environmental legislation [16] does not define permitted values for
NO, concentrations, although in order to obtain the Polish ecological certificate the
values below 400 mg/m® are required (all concentrations are normalised to a reference
oxygen content in a flue gas of 10%) [17]. In the case of periodic fuel supply with
constant air stream, during the stand-by period in fuel feeding the temperature in the
combustion chamber decreases, however oxygen concentration increases. These fac-
tors, that usually influence nitrogen oxide emission compensated mutually to a big
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extent. Therefore, the concentration of NO and NO, mainly depended on the stream of
nitrogen supplied to the furnace in the fuel as temperature in the furnace was relatively
low. The main supplier of nitrogen to the furnace were sunflower husk pellets due to
the fact that they contain much more (0.86%) nitrogen than wood pellets (0.13%).
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Fig. 2. CO concentrations in firing mixtures
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Supplying the furnace with sunflower husk pellets alone, without combining them
with wood pellets, for both feeding modes resulted in exceeding the permitted CO
concentration determined for furnaces with automatic biomass supply, which is
3000 mg/m’ (concentration refers to 10% O, content in flue gas) [16].
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Fig. 4. Dependences of the CO concentrations onthe fuel feeding mode as well
as on the proportion of sunflower husk pellets and wood pellets in the mixture presented in Table 2
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Fig. 5. Dependence of the fuel feeding mode as well as the proportion of sunflower
husk pellets and wood pellets in the mixture and NO, concentration presented in the Table 2

4. CONCLUSIONS

Using sunflower husk pellets in the boiler and furnace of the studied type requires
mixing them with wood pellets, so that CO concentration is maintained below the
permitted value. Based on the results of the study, it was concluded that the weight
proportion of sunflower husk pellets in the mixture should be lower than 70%. In or-
der to reduce the CO concentration, one should aim at maintaining the temperature in
the combustion chamber at the highest possible level, yet not exceeding 700 °C, to
avoid forming significant amounts of slag. For this purpose, the stand-by period in
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fuel supply should be shortened as much as possible. The best solution seems to be
applying uninterrupted pellet supply with fluent regulation of the rotational speed of
the fixed speed screw feeder. Due to the tendency of ash to form deposits on the heat
exchange surfaces, it is suggested that periodical cleaning of the mentioned surfaces
be performed.
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