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Figure 4: Process of CO concentration during each mode.

Figure 5: Process of OGC concentration during each mode.
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Figure 6: Process of flue gas temperatures during each mode.

Temperatures of the flue gases inside the catalysts were ranging approximately between
280°C and 300°C during all the tests. The water vapor content in the flue gas was approximately
6% and was always the same because of the same fuel composition, and the same air mois-
ture content during the tests.

The flue gas fan speed was set with regard to the conduct monitoring of air velocity at the
stove inlet. This measurement should ensure the same volume of combustion air despite the
different pressure loss of the catalysts. Despite this regulation, a difference of the space velocity
between tests occurred. Its value was approximately 16,000 1/h (roughly 20% of the total
amount). Due to unstable operation of this type of combustion equipment, it is an acceptable
inaccuracy. The flue gas flow through the catalysts is always laminar. Space velocity is equiva-
lent value to hydraulic retention time of gas molecule inside of catalyst. It is obtained by flue gas
volumetric flow rate divided by catalyst volume. Space velocity was calculated using eqn (2).

3

m
soace velocity = flue gas volumetric flow rate | 1 f @
P Y catalyst volume h o w’

The limiting value of mass concentration of CO in the flue gas (recalculated to reference
volume fraction of oxygen ¢, o, = 13%) is 500 (during the nominal performance of the
stove) and 750 mg/m? (during the minimal performance of the stove). This norm does not
determine limiting values for other pollutants.

If the nominal heat performance of this pellet stove prototype is set to approximately
5.6 kW, using the catalyst could be a way to reach lower values of the mass concentration of
CO, which is thus suffice for the limits (calculated with 80% of efficiency).

These tests lasted for only 3 h of the steady-state operation to avoid an influence of
clogging caused by solid particles. Cat 1 was completely new before the test, cat 2 and



132 J. Rysavy, et al., Int. J. of Energy Prod. & Mgmt., Vol. 4, No. 2 (2019)

cat 3 were used for ~20 h of operation in wood log stove before their tests. They were both
cleaned by compressed air, thoroughly. Even after such a short test period, there were lots
of settled particles at the catalysts’ surface, which would definitely lead to their
blockage.

3.1.1 Costs evaluation

Active compounds of the tested catalysts are different not only by their effect on the flue gas,
but also by the purchase costs. Neither a thickness of the catalysts’ layer, nor the density of
active substances per unit area, were determined. Assuming that the density of the active
substances at the catalyst surface is the same on all tested catalysts, cat 1 could be, with
regard to active compounds material costs, 3.5 times cheaper than cat 3 and ~2.5 times
cheaper than cat 2 [12].

4 CONCLUSIONS

This study was aimed on possibilities of the decrease of mass concentration of pollutants by
the catalysts based on three different active compounds. Results of these experiments show,
but for one exception, the similar degree of conversion of CO (~60%) and OGC (~60%) in
the flue gas from the tested small-scale pellet stove. By that exception, the degree of conver-
sion of CO by cat 2 (Pd) is meant. Despite the highest space velocity, cat 2 (Pd) ensured the
biggest degree of conversion (~78%). The measurement of flue gas temperature at the stove
outlet proved the same conditions of the operation.

From the pollutants’ limitation legislative point of view, the selected combustion equipment
did not comply with the standard EN 14785 without catalyst. After installing any of the three
tested catalysts, CO limits were met.

From the purchase costs point of view, cat 1 is the most suitable, as it is cheaper than others.

In connection with catalysts, it is necessary to mention that every object inside a flue gas
duct could be a danger in a form of clogging. All three tested catalysts have proven high
inclination to clogging by solid particles contained within the flue gas, despite that each test
lasted only for approximately 5 h (ignition, burning and extinction).

The degree of clogging of the catalysts could be a part of further research, as well as the
possibilities of cleaning of the catalyst during its operation right inside the flue gas duct.
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