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Various types, forms and states aff ect the heating value of biomass and its conversion into exploitable energy forms. 
As a result of biomass quality investigations, the share of solid particles in fl ue gases purifi ed in a multicyclone was 
measured and analyzed at various heating loads of a boiler, the maximum power of which amounts to 2,2 MW. This 
paper presents the infl uence of fl ue gases on the roughness and corrosiveness of multicyclone material inner wall. 
A corrective dimensional parameter of the multicyclone was suggested for the purpose of maximum purifi cation of 
fl ue gases at unfavorable incineration conditions and biomass characteristics. 
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UVOD

Biomass is a traditional energy source and the most 
complex form of renewable energy sources. For the 
most part it involves forest and agricultural biomass, 
waste and residual material from wood-working and 
similar industries, non-wood biomass, animal waste and 
residues as well as selected municipal and public waste 
[1, 2]. Each of the biomass forms has a different energy 
value. Depending on the moisture content, density, type 
and variety, the lower heating value of renewable wood 
ranges between 7,5 kJ/kg and 20 kJ/kg [2]. At the im-
mobile boiler grid the combustion of sawdust and wood-
chips of various moisture and quality is enabled. With 
fuel being homogenously distributed on the whole grid 
surface and the inlet of the primary air that is blown 
below the grid being even, the combustion process is 
carried out. Depending on the state, type, form and 
moisture of biomass and by means of varied air excess 
ratio control, complete fuel combustion with the highest 
heating effi ciency is aimed at. Grids with the fuel inlet 
from below are used in plants of lower power and for 
the combustion of biomass containing smaller amounts 
of ashes [3]. In the course of biomass combustion at 
such plants, the emission limit values of solid particles 
after the purifi cation of fl ue gases amount to 150 mg/m3 
[4]. The removal of solid particles and ashes from fl ue 
gases is mostly carried out by using cyclone separators 
by means of combined actions of centrifugal and grav-
ity force [5-7]. The separation of solid particles larger 
than 5 μm with the effi ciency of up to 97 % is performed 
by using a multicyclone composed of several cyclone 

separators in parallel arrangement that are suitably sized  
[7-9]. While driving plants of lower heating effi ciency, 
emissions of solid particles in fl ue gases are measured 
discontinuously or occasionally, mostly at convenient 
biomass characteristics and maximum heat load. There 
are limited analyses related to emissions of solid parti-
cles in purifi ed fl ue gases depending on the type, state 
and moisture of biomass. Research related to the effects 
of solid particles on the roughness of multicyclone as-
sembly walls while they are being separated from fl ue 
gases during the combustion of biomass of variable 
quality is scarce. The fact that tiny solid particles “stick” 
to inner walls in certain multicyclone assembly zones is 
more or less neglected. Research into solid particles 
content in purifi ed fl ue gases during the combustion of 
various types and moisture levels of biomass was con-
ducted. The research also involved the infl uence of solid 
particles on the roughness and “sticking” on to the mul-
ticyclone inner walls with the purpose of assessing fuel 
quality and emissions of solid particles.     

OBJECT, MATERIAL AND EXPERIMENT 

The research was conducted at a new thermal power 
plant, the maximum heat effi ciency of which amounts 
to Q = 2,2 MW, during the biomass combustion on a 
grid with fuel inlet from below. The purifi cation of fl ue 
gases was carried out by means of a multicyclone com-
posed of 20 cyclone units, each with inner diameter d = 
150 mm and total height h = 1500 mm (Figure 1). The 
produced thermal energy was used for district heating 
of agrotechnological objects during two heating sea-
sons. Examinations were carried out during the com-
bustion of various biomass: sawdust (Sd), woodchips 
(Wc) sized 10 mm – 80 mm and crushed indigo bush 
(Ib) (Amorpha fructicosa) stem sized 30 mm – 100 mm. 
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Sawdust incineration in the boiler combustion chamber 
was carried out in three intervals, each lasting for 30 
days, with the moisture amounting to  ≈ 20 %, ≈ 30 % 
and ≥ 50 %. In the following intervals, each lasting for 
40 days, woodchips with the moisture amounting to ≈ 
20 %, ≈ 35 % and ≥ 50 %, and fi nally crushed indigo 
bush (Amorpha fructicosa) stem with the moisture 
amounting to ≈ 18 %, ≈ 25 % and ≥ 45 % were used as 
fuel.

By means of varied control of the fuel and air inlet 
the combustion process was controlled according to the 
changes of the plant’s thermal load. A digital instrument 
of the D – RX 250 type was used for measuring emis-
sions of solid particles Esp in fl ue gases after they had 
been purifi ed by a multicyclone. At the input speed 
equaling between 15 m/s and 18 m/s and the output 
speed equaling between 14 m/s and 16 m/s fl ue gas tem-
peratures were measured in all biomass combustion in-
tervals. The values amounted to ϑfg,in = 180 °C – 215 °C 
in front of and ϑfg,out = 175 °C – 211 °C behind the mul-
ticyclone. The solid particles emission Esp in purifi ed 
fl ue gases was measured and recorded every 10 minutes 
within a 24-hour interval t during the combustion of 
each biomass category. The average value of solid par-
ticles emission Esp,av during each interval t was deter-
mined as the arithmetic average of the Esp,i measurement 
result, by means of the equation (1) [10]: 
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During the combustion of sawdust of diverse mois-
ture (≈ 20 %, ≈ 30 % and ≥ 50 %) 40 average values of 
the solid particles emission Esp,av were determined per 
group in purifi ed fl ue gases within 30 measurement inter-
vals t, i.e. 40 average values of the solid particles emis-
sion Esp,av per group during the combustion of woodchips 
(moisture ≈ 20 %, ≈ 35 % and ≥ 50 %) and crushed in-
digo bush (Amorpha fructicosa) stem (moisture ≈ 18 %, 
≈ 25 % and ≥ 45 %) within 30 measurement intervals t. 
With the multicyclone being technically adapted, surface 
roughness measurements Ra of the inner cyclone separa-
tors’ wall were carried out along the height h in measure-
ment test zones MZa, MZb and MZc, whereat there are 
various values of tangential and radial velocity of fl ue 
gases stream [6, 7]. In each multicyclone test zone meas-
urements were carried out on N = 12 cyclone separators, 
i.e. at the total of 36 characteristic measurement points 
(Figure 1). Surface roughness Ra of the inner steel wall 
and the thickness of “stuck” solid particles on inner mul-
ticyclone walls δsp during the purifi cation of fl ue gases 
were measured after each combustion cycle of a certain 
biomass type, granulation and moisture. Surface rough-
ness of the steel wall was measured by a digital instru-
ment with a corresponding probe of the M112/3522 
SURTRONIC 25 type, and the thickness of “stuck” solid 
particles on the wall with a mobile digital instrument of 
the PCE – PT – FN – S1 type. The average value of sur-
face roughness Raav of the inner wall in the measurement 
test zones MZa, MZb and MZc was determined as the 
arithmetic average of the Rai measurement results, by 
means of the equation (2) [10]: 
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N(a) = 12, N(b) = 12 and N(c) = 12.

The relation (3) [10] was used for determining the 
average thickness value of “stuck” solid particles δsp,av 
on inner walls in zones MZa, MZb and MZc of the mul-
ticyclone cyclone separators;
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N(a) = 12,  N(b) = 12  and  N(c) = 12.     

RESULTS AND DISCUSSION
Quantifi ed average values of solid particles emis-

sion Esp,av of purifi ed fl ue gases during the combustion 
of diverse biomass quality in a combustion chamber, 
the thermal effi ciency of which amounts to 2,2 MW, are 

Figure 1 Multicyclone (measurement points)
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shown in Figures 2, 3 and 4. Average values of solid 
particles emission Esp,av are four to six times higher than 
the limit allowed at plant commissioning. As the com-
bustion of various types and granulation of wood bio-
mass, the moisture of which amounts to more than 30%, 
takes place, the average emission of solid particles in 
purifi ed fl ue gases increases, especially when the plant’s 
thermal load decreases. There are oscillations and the 
values of solid particles emissions in purifi ed fl ue gases 
during the combustion of sawdust of diverse moisture 
are 3 − 5 times higher. Only in shorter intervals the 
emissions of solid particles equal ≤ 150 mg/m3 during 
the combustion of sawdust, the moisture of which 
amounts to approximately 20 %. There are signifi cantly 
less oscillations in values of average emissions of solid 
particles in purifi ed fl ue gases during the combustion of 
woodchips and crushed indigo bush stem (Amorpha 
fructicosa) of various moisture levels at variable ther-
mal load of the plant. The average emission of solid par-
ticles Esp,av increases by about 25 % to 60 % as the mois-
ture content increases above 20 % in woodchips and 
above 18 % in indigo bush. 

Figure 5 shows a diagraph of the average surface 
wall roughness Raav by following the combustion of a 
certain biomass type, granulation and moisture. 

In the MZa zone of high tangential speeds of fl ue 
gases and collisions of solid particles and cyclone sepa-
rator walls, the average surface roughness of the steel 
wall Raav is decreased for about 20 % − 25 % compared 
to the initial value, and then it becomes approximately 
constant regardless of the biomass quality and mois-
ture.

In the MZb and MZc zones the average wall rough-
ness Raav increases compared to the MZa zone by ap-
proximately 15 % − 50 %, which is more apparent dur-
ing the combustion of biomass with the moisture con-
tent amounting to ≥ 50 %. The quantifi ed average values 
of the “stuck” solid particles layer δsp,av on cyclone sepa-
rator walls of the multicyclone assembly are shown in 
Figure 6. During the separation solid particles do not 
“stick” in the MZa zone, whereas cumulative “sticking” 
of a part of solid particles, the layer thickness of which 
ranges between 40 µm and 540 µm, was determined in 
the MZb and MZc zones, where at the average surface 

Figure 2 Average emissions of solid particles Esp,av – sawdust (Sd)

Figure 3 Average emissions of solid particles Esp,av – woodchips (Wc)

Figure 4 Average emissions of solid particles Esp,av – indigo bush (Ib) (Amorpha fructicosa)
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wall roughness Raav increases. The moisture of wood-
chips > 35 % and crushed indigo bush > 25 % contrib-
utes to faster “sticking” of smaller solid particles of fl ue 
gases on to the cyclone separator walls.  

At lower thermal load and during the combustion of 
biomass, the moisture of which amounts to ≥ 50 %, tiny 
particles partially get detached from the surface layer 
δsp, which increases solid particles emissions in purifi ed 
fl ue gases. A corrosive effect of fl ue gases on the multi-
cyclone assembly was not recorded.

CONCLUSION

During the combustion of examined biomass in a 
combustion chamber with maximum thermal effi ciency 
amounting to 2,2 MW and the purifi cation of fl ue gases 
by means of a multicyclone, the average surface rough-
ness Raav is altered and the layer of “stuck” solid particles 
δsp,av cumulatively grows in certain cyclone separator 
zones. Raav and δsp,av directly contribute to higher average 
solid particles emission Esp,av in output fl ue gases.

Multicyclone application correction parameter fm for 
a continuous emission of solid particles in output fl ue 
gases ≤ 150 mg/m3 due to biomass combustion equals:

−  woodchips with moisture content ≤ 35 %,
−  crushed indigo bush (with moisture content ≤ 25 %,
−  independent sawdust combustion is not recom-

mendable,  
− Raav ≤ 100 µm, δsp,av ≤ 320 µm.

Figure 5 Average surface wall roughness Raav (MZa, MZb, MZc)
Figure 6  Average thickness of solid particles layer δsp,av (MZa, 

MZb, MZc)
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