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Technical paper

The results of experimental tests for determine thermal and environmental charac-
teristics of low power pellet stove (8.5 kW) for combustion of wood pellets used for
household heating are presented in this paper. Test procedure as well as design and
manufacturing of test installation were carried out in accordance with the require-
ments of the applicable European regulation EN 14785 for ovens of this type. Test
installation was designed and assembled in the Laboratory for Fuel and Combus-
tion at the University of Belgrade, Faculty of Mechanical Engineering. Tests were
conducted for three thermal loads of the stove (minimum, medium and maximum)
and three types of test fuel. Used test fuels were produced from beech wood, fir wood
and their mixture, which allowed determining impact of pellet raw material on com-
bustion process. Recalculation of test results in accordance with the requirements of
a standard provided determination of energy and environmental characteristics of
the tested stove and its classification according to the criteria defined by standard
EN 14785.
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Introduction

Production of pellets from biomass especially from wood was rather increased in
recent years, according to demands from European energy market. Nowadays wood pel-
lets could be used in all areas for energy production from small scale combustion appli-
ances up to large scale energy plants. Using wood pellets for heat production is mainly in
households as well as combined heat and power (CHP) production in medium and large
energy systems. Advantages like automatic feeding, comfort use and relatively low main-
tenance costs with high efficiency of combustion process made pellets highly recom-
mended for heat production especially in small scale pellet stoves and boilers for
household heating. Enlarged consumption of wood pellets made a possibility for using
different raw materials (different wood species and their mixtures) for pellet production.
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Basic aim of the experimental investigations described in this paper was to ob-
tain influence of raw material for wood pellet production on combustion process in small
scale pellet stove. During the realization of the experiments three types of wood pellets
were used on nominal and reduced thermal loads, and thermal and environmental char-
acteristics of investigated pellet stove were tested.

Experimental tests

All experimental tests in this paper were done on a small scale pellet stove used
for heating air in households with declared thermal output of 8.5 kW. Schematic view of
vertical cross-section of investigated pellet stove is presented on fig. 1.
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Test procedure and installation

The test procedure for experimental investigations of pellet stove was defined
according to the demands of regulation EN 14785. Experimental tests were conducted
for nine experimental regimes of investigated pellet stove. Three test fuels (marked as
P_1,P_2,and P_3) and three thermal loads (reduced, medium, and nominal marked as
Nominal_TL and Reduced_TL, respectively) were tested.

The test installation was designed and constructed in the Fuel and Combustion
Laboratory at the Faculty of Mechanical Engineering, according to the demands of regu-
lation EN 14785 (fig. 2). It consists of investigated appliance, weight scale and measure-
ment section for flue gas composition, temperature, and flow. The investigated pellet
stove prepared for the test is shown on fig. 3.
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Figure 2. Test installation used for

investigations [1] (1) — exaust to atmosphere,

(2) —fan, (3) — adjustable dumper; (4) —

adjustable gather, (5) — flue gas connector,
(6) — measurement section, (7) — trihedron side
wall, (8) — flue gas adaptor — bend, (9) — pellet

Figure 3. Pellet stove on the test installation

stove, (10) — trihedron side wall, (11) — trihedron

test hearth, (12) — platform scale

Test fuels

Three different wood pellets were used as test fuels for the experimental investi-
gations. All pellets are produced with same type of pellet press (presses with vertical die),

but with different raw materials. Raw
materials used for producing test fu-
els were hard wood represent by
beech wood (BW), and soft wood
represent by fir wood (FW). Survey
of used raw materials for investigated
test fuels are presented in tab. 1.

Proximate and ultimate analysis
of all test fuels was made according to
the regulation EN 14961.

Test results

Table 1. Raw materials for test fuels

P 1

P2

P 3

Raw material

BW

50% BW + 50% FW

FwW

Results obtained during the experiments were classified in 4 groups:

— fuel analysis,

— combustion process,

— thermal characteristics, and

— environmental characteristics.
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Fuel analysis

Analysis of all test fuels was made according to the regulation EN 14961. Proximate
analysis was made in the Fuel and Combustion Laboratory and ultimate analysis in the Insti-
tute for chemistry, technology and metallurgy — Center for chemistry. The results of proxi-
mate and ultimate analysis (only for as received mass) and density (particle and bulk) for all
test fuels are given in the tab. 2. All test fuels were classified according to EN 14961-2.

Table 2. Proximate and ultimate analysis of test fuels (as received)

P 1 P2 P 23

Proximate analysis

Total moisture [% mm™'] 6.86 9.85 8.65
Ash [% mm '] 1.20 1.76 0.96
Combustibles [% mm '] 92.0 88.4 90.4
Volatiles [% mm '] 77.1 75.3 76.3
Fixed carbon [% mm '] 14.9 13.1 14.1
High heating value [klkg ] 18359 17928 18755
Low heating value [kJkg ] 16801 16265 17051

Ultimate analysis

Carbon [% mm '] 44.6 4539 45.49
Hydrogen [% mm '] 6.16 6.30 6.61
Nitrogen [% mm '] 0.17 0.10 0.12

Sulphur [% mm™'] - - -

Oxygen, as the difference [% mm™'] 41.0 36.6 38.2
Physical characteristics

Density [kgm ] 1013 1059 1035

Bulk density [kgm ] 648 688 652

Pellet class” A2 A2 Al

* According to EN 14961-2
Combustion process

Results of combustion process obtained during experiments and used for deter-
mination thermal and environmental characteristics of investigated stove were:
— fuel consumption,
oxygen (O,) content in flue gas,
carbon dioxide (CO,) content in flue gas, and
— flue gas temperature.
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Results of fuel consumption for each experimental regimes (TL_1 — minimum,
TL_3 — medium, TL_5 — maximum) are given in tab. 3.

Table 3. Fuel consumption in kg/h for all experimental regimes

P P2 P3
TL 1 0.60 0.61 0.52
TL 3 1.00 0.96 1.02
TL 5 1.70 1.63 1.68

Mean values of O, and CO, content in flue gas and flue gas temperature during
experimental tests are presented in figs. 4, 5, and 6, respectively.
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Figure 4. Oxygen content in flue gas for all experimental regimes
(full color figure is available in electronic version)
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Figure 5. Carbon dioxide content in flue gas for all experimental regimes
(full color figure is available in electronic version)
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Figure 6. Flue gas temperature for all experimental regimes
(full color figure is available in electronic version)

Thermal characteristics

For all experimental regimes, thermal characteristics that were determined dur-
ing the tests were:

— obtained heat output, and
— total efficiency of the pellet stove.

All calculations of listed thermal characteristics were conducted according pro-
cedures defined in EN 14785 and based on obtained experimental results for each firing
regime. Results of thermal characteristics from the tests of investigated pellet stove for
different test fuels and different thermal loads are given in fig. 7 (obtained heat output)
and fig. 8 (total efficiency).

Regulation EN 14785 does not have strict limits for the nominal heat output of
pellet stove. However, total efficiency is defined and according to this regulation shall be
at least 75% at nominal heat output and 70% at reduced heat output.
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Figure 7. Obtained heat outputs for all experimental regimes
(full color figure is available in electronic version)
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Figure 8. Total efficiency for all experimental regimes
(full color figure is available in electronic version)

Environmental characteristics

Under environmental characteristics only CO emission level is defined by the
regulation EN 14785. According this standard, during testing, maximum permitted mean
CO concentration based on 13% of O, content in flue gas can be 0.04% v/v (500 mg/m?) at
nominal heat output and 0,06% v/v (750 mg/m?) at reduced heat output.

Results of CO emissions (calculated on 13 %v/v O, content in flue gas) from the
tests of investigated pellet stove for different fuel types and different thermal loads are
given in fig. 9.
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Figure 9. CO emission for all experimental regimes
(full color figure is available in electronic version)

Conclusions

Using wood pellets for heat production in small scale pellet stoves and boilers
could be increased significantly. The importance of this type of heating appliances is em-
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phasized by the all advantages using pellets especially for household heating. European

regulation EN 14785 has brought clear test procedures and strict limits for heating appli-

ances fired with this type of solid biofuel.

According to results of combustion process for investigated small scale pellet
stove obtained from the tests made completely by demands of EN 14785, which are pre-
sented in this paper, it can be concluded that:

— total efficiency required by EN 14785 for nominal heat output (more than 75%) was
not achieved for neither experimental regime;

— total efficiency required by EN 14785 for reduced heat output (more than 70%) was
achieved for maximum thermal load (TL_5) with all test fuels, for medium thermal
load (TL_3) with test fuel (P_1) and for minimum thermal load (TL_1) with test fuel
(P_3);

— total efficiency for other thermal loads for this two test fuels was slightly below this
limit,

— CO emission limit for the nominal heat output (less than 500 mg/m3 at 13% O,) was
achieved only for maximum thermalload (TL_5) with test fuels (P_1) and (P_3). With
other test fuels and for other thermal loads this demand of EN 14785 was not fulfilled;

— CO emission for test fuel (P_2) was higher for all thermal loads it has varied from
5350 mg/m? to 44900 mg/m?.

Obtained results from experimental tests (according to standard EN 14785) pre-
sented in this paper have proved the impact of raw materials and their mixtures for pellet
production, on the energy (the most interesting for consumers) and environmental char-
acteristics of the investigated pellet stove. All of these experimental tests were perfomed
for fixed stove construction (chosen small scale pellet stove available on the Serbian mar-
ket) and under the same combustion conditions (the amount of fresh air flow rate due to
the regulation systems for chosen thermal load). Also according to obtained results for
thermal output and total efficiency it is possible to make an improvement of investigated
stove construction and combustion process. These facts will be the subject of further in-
vestigations of the authors.
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Amncrpakr

Hebojwa I. MAHI/IB*, Hpazocaasa /1. CTOJU/bBKOBHRH
Baaoumup . JOBAHOBHHR

JlaGopaTopuja 3a ropuBa n caropeBame, MammHcka ()aKkyJiTer,
Yuusep3urer y beorpany, beorpan, Cponja

YTnuaj cuposnHe 3a NPON3BOAILY MeJIeTa
Ha eHepreTcke U eKoJIolKe KApAKTePUCTHKe
nehn mane cuare 3a 3arpesame qomalinncrasa

Y papy cy mpuKa3aHu pe3yaTaTi eKCIePUMEHTATHIX UCIUTUBabha EHEPreTCKUX U
eKOJIOIIKMX KapakTepucruka mehu mane cHare (8,5 kW) 3a caropeBame JpBEeHHX IelieTa
KOja ce KOPHUCTH 3a 3arpeBame noMahnHcTaBa. LleToOKynmHE MOCTyaK UCIATHBAKkA Kao 1
MIPOjeKTOBaE M U3pajia NCIUTHE NHCTAlaNyje N3BPIIEHa CY Y CKIIajly ca 3aXTeBUMa BaXe-
her Esponckor nponuca EN 14785 3a oy Bpcty nehn. ExcnepuMeHTanHa HHCTananuja je
NpOjeKTOBaHa U u3BeeHa y JlabopaTopuju 3a ropuBa U caropeBambe MalmHcKor aky-
TeTa YHuUBep3uTeTa y beorpany. Mcnmtusama cy 00aBIbeHa 32 TPU TOIIOTHA onTepehema
nehu (MIHUMAITHO, Cpefilhbe M MaKCHMMAJTHO) ¥ ca TPH BpCTe UcnuTHOT ropuBa. Kao ncnurua
ropuBa KopultheHu cy neneTy Npou3BefIeH! Off OYKOBOT IPBETA, YAMOBHHE U IbUXOBE Me-
IIaBrHE, YNME je oMoryheHo ofpebnBame yTHIjaja CHpOBHHE 3a MPOM3BOILY MejieTa Ha
npolec caropeBama. O6pajoM pesyliTaTa UCIUTHBAa y CKIIA/ly ca 3aXTeBUMa CTaHAapaa
omoryheHo je ofpebuBame eHepreTCKUX M eKOJIOIIKUX KapaKTepUCTUKA NCUTHBaHe ehn
U BbeHa KiIacuuKalyja npemMa KpuTeprjymMuMa e(puHiucanuM cranfaprom EN 14758.
Kibyune peun: ileaeiliu, ileh mane cHaze Ha ileaeilie, eHep2zeilicke

U eKoAOULIKe KAPAKIlepUCiiiiKe, CUPOBUHE
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