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Tech ni cal paper

The re sults of ex per i men tal tests for de ter mine ther mal and en vi ron men tal char ac -
ter is tics of low power pel let stove (8.5 kW) for com bus tion of wood pel lets used for
house hold heat ing are pre sented in this pa per. Test pro ce dure as well as de sign and
man u fac tur ing of test in stal la tion were car ried out in ac cor dance with the re quire -
ments of the ap pli ca ble Eu ro pean reg u la tion EN 14785 for ov ens of this type. Test
in stal la tion was de signed and as sem bled in the Lab o ra tory for Fuel and Com bus -
tion at the Uni ver sity of Bel grade, Fac ulty of Me chan i cal En gi neer ing. Tests were
con ducted for three ther mal loads of the stove (min i mum, me dium and max i mum)
and three types of test fuel. Used test fu els were pro duced from beech wood, fir wood
and their mix ture, which al lowed de ter min ing im pact of pel let raw ma te rial on com -
bus tion pro cess. Re cal cu la tion of test re sults in ac cor dance with the re quire ments of 
a stan dard pro vided de ter mi na tion of en ergy and en vi ron men tal char ac ter is tics of
the tested stove and its clas si fi ca tion ac cord ing to the cri te ria de fined by stan dard
EN 14785.
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In tro duc tion

Pro duc tion of pel lets from bio mass es pe cially from wood was rather in creased in 
re cent years, ac cord ing to de mands from Eu ro pean en ergy mar ket. Now a days wood pel -
lets could be used in all ar eas for en ergy pro duc tion from small scale com bus tion ap pli -
ances up to large scale en ergy plants. Us ing wood pel lets for heat pro duc tion is mainly in
house holds as well as com bined heat and power (CHP) pro duc tion in me dium and large
en ergy sys tems. Ad van tages like au to matic feed ing, com fort use and rel a tively low main -
te nance costs with high ef fi ciency of com bus tion pro cess made pel lets highly rec om -
mended for heat pro duc tion es pe cially in small scale pel let stoves and boil ers for
house hold heat ing. En larged con sump tion of wood pel lets made a pos si bil ity for us ing
dif fer ent raw ma te ri als (dif fer ent wood spe cies and their mix tures) for pel let pro duc tion.
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Ba sic aim of the ex per i men tal in ves ti ga tions de scribed in this pa per was to ob -
tain in flu ence of raw ma te rial for wood pel let pro duc tion on com bus tion pro cess in small
scale pel let stove. Dur ing the re al iza tion of the ex per i ments three types of wood pel lets
were used on nom i nal and re duced ther mal loads, and ther mal and en vi ron men tal char -
ac ter is tics of in ves ti gated pel let stove were tested.

Ex per i men tal tests

All ex per i men tal tests in this pa per were done on a small scale pel let stove used
for heat ing air in house holds with de clared ther mal out put of 8.5 kW. Sche matic view of
ver ti cal cross-sec tion of in ves ti gated pel let stove is pre sented on fig. 1.

Pel lets from the built-in res er -
voir (1) with screw con veyor (2)
are in serted from above into the
com bus tion cham ber (3) and fall
into the burn ing pot (4), which is
per fo rated from the bot tom. Fan
for hot gas ses suck the flue gas
from the com bus tion cham ber
pro vid ing slight un der pres sure
(5-10 Pa) in it. This un der pres -
sure pro vides draft for air flow re -
quired for the com bus tion pro-
cess, from the bot tom of the burn -
ing pot, through cir cu lar holes.
Flue gas ses from the com bus tion
cham ber are ex tracted by ex haust
fan through the flue duct (5) to
out put sec tion of the stove. Sec -
ond fan in tro duce the air for room 
heat ing through the air duct (6)
over heat exchanger and coun ter

flow from flue gas ses. This al lows heat ex change be tween hot flue gas ses and heated air
for room heat ing.

Test pro ce dure and in stal la tion

The test pro ce dure for ex per i men tal in ves ti ga tions of pel let stove was de fined
ac cord ing to the de mands of reg u la tion EN 14785. Ex per i men tal tests were con ducted
for nine ex per i men tal re gimes of in ves ti gated pel let stove. Three test fu els (marked as
P_1, P_2, and P_3) and three ther mal loads (re duced, me dium, and nom i nal marked as
Nom i nal_TL and Re duced_TL, re spec tively) were tested.

The test in stal la tion was de signed and con structed in the Fuel and Com bus tion
Lab o ra tory  at the Fac ulty of Me chan i cal En gi neer ing, ac cord ing to the de mands of reg u -
la tion EN 14785 (fig. 2). It con sists of in ves ti gated ap pli ance, weight scale and mea sure -
ment sec tion for flue gas com po si tion, tem per a ture, and flow. The in ves ti gated pel let
stove pre pared for the test is shown on fig. 3.
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Fig ure 1.  Sche matic view of in ves ti gated pel let stove
(full color fig ure is avail able in elec tronic ver sion)



Test fu els

Three dif fer ent wood pel lets were used as test fu els for the ex per i men tal in ves ti -
ga tions. All pel lets are pro duced with same type of pel let press (presses with ver ti cal die),
but with dif fer ent raw ma te ri als. Raw 
ma te ri als used for pro duc ing test fu -
els were hard wood rep re sent by
beech wood (BW), and soft wood
rep re sent by fir wood (FW). Sur vey
of used raw ma te ri als for in ves ti gated 
test fu els are pre sented in tab. 1.

Prox i mate and ul ti mate anal y sis
of all test fu els was made ac cord ing to 
the reg u la tion EN 14961.

Test re sults

Re sults ob tained dur ing the ex per i ments were clas si fied in 4 groups:
– fuel anal y sis,
– com bus tion pro cess,
– ther mal char ac ter is tics, and
– en vi ron men tal char ac ter is tics.
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Fig ure 2.  Test in stal la tion used for
in ves ti ga tions [1] (1) – exaust to at mo sphere,

(2) – fan, (3) – ad just able dumper, (4) –
ad just able gather, (5) – flue gas con nec tor,

(6) – mea sure ment sec tion, (7) – trihedron side
wall, (8) – flue gas adap tor – bend, (9) – pel let

stove, (10) – trihedron side wall, (11) – trihedron
test hearth, (12) – plat form scale

Fig ure 3. Pel let stove on the test in stal la tion

Ta ble 1. Raw ma te ri als for test fu els

P_1 P_2 P_3

Raw material BW 50% BW + 50% FW FW



Fuel anal y sis

Anal y sis of all test fu els was made ac cord ing to the reg u la tion EN 14961. Prox i mate
anal y sis was made in the Fuel and Com bus tion Lab o ra tory and ul ti mate anal y sis in the In sti -
tute for chem is try, tech nol ogy and met al lurgy – Cen ter for chem is try. The re sults of prox i -
mate and ul ti mate anal y sis (only for as re ceived mass) and den sity (par ti cle and bulk) for all
test fu els are given in the tab. 2. All test fu els were clas si fied ac cord ing to EN 14961-2.

Ta ble 2. Prox i mate and ul ti mate anal y sis of test fu els (as re ceived)

P_1 P_2 P_23

Proximate analysis

Total moisture [% mm–1] 6.86 9.85 8.65

Ash [% mm–1] 1.20 1.76 0.96

Combustibles [% mm–1] 92.0 88.4 90.4

Volatiles [% mm–1] 77.1 75.3 76.3

Fixed carbon [% mm–1] 14.9 13.1 14.1

High heating value [kJkg–1] 18359 17928 18755

Low heating value [kJkg–1] 16801 16265 17051

Ultimate analysis

Carbon [% mm–1] 44.6 45.39 45.49

Hydrogen [% mm–1] 6.16 6.30 6.61

Nitrogen [% mm–1] 0.17 0.10 0.12

Sulphur [% mm–1] – – –

Oxygen, as the difference [% mm–1] 41.0 36.6 38.2

Physical characteristics

Density [kgm–3] 1013 1059 1035

Bulk density [kgm–3] 648 688 652

Pellet class* A2 A2 A1

* Ac cord ing to EN 14961-2

Com bus tion pro cess

Re sults of com bus tion pro cess ob tained dur ing ex per i ments and used for de ter -
mi na tion ther mal and en vi ron men tal char ac ter is tics of in ves ti gated stove were:
– fuel con sump tion,
– ox y gen (O2) con tent in flue gas,
– car bon di ox ide (CO2) con tent in flue gas, and
– flue gas tem per a ture.
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Re sults of fuel con sump tion for each ex per i men tal re gimes (TL_1 – min i mum,
TL_3 – me dium, TL_5 – max i mum) are given in tab. 3.

Mean val ues of O2 and CO2 con tent in flue gas and flue gas tem per a ture dur ing
ex per i men tal tests are pre sented in figs. 4, 5, and 6, re spec tively.
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Fig ure 4. Ox y gen con tent in flue gas for all ex per i men tal re gimes
(full color fig ure is avail able in elec tronic ver sion)

Ta ble 3. Fuel con sump tion in kg/h for all ex per i men tal re gimes

P_1 P_2 P_3

TL_1 0.60 0.61 0.52

TL_3 1.00 0.96 1.02

TL_5 1.70 1.63 1.68

Fig ure 5. Car bon di ox ide con tent in flue gas for all ex per i men tal re gimes
(full color fig ure is avail able in elec tronic ver sion)



Ther mal char ac ter is tics

For all ex per i men tal re gimes, ther mal char ac ter is tics that were de ter mined dur -
ing the tests were:
– ob tained heat out put, and 
– to tal ef fi ciency of the pel let stove.

All cal cu la tions of listed ther mal char ac ter is tics were con ducted ac cord ing pro -
ce dures de fined in EN 14785 and based on ob tained ex per i men tal re sults for each fir ing
re gime. Re sults of ther mal char ac ter is tics from the tests of in ves ti gated pel let stove for
dif fer ent test fu els and dif fer ent ther mal loads are given in fig. 7 (ob tained heat out put)
and fig. 8 (to tal ef fi ciency).

Reg u la tion EN 14785 does not have strict lim its for the nom i nal heat out put of
pel let stove. How ever, to tal ef fi ciency is de fined and ac cord ing to this reg u la tion shall be
at least 75% at nom i nal heat out put and 70% at re duced heat out put.
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Fig ure 6. Flue gas tem per a ture for all ex per i men tal re gimes
(full color fig ure is avail able in elec tronic ver sion)

Fig ure 7. Ob tained heat out puts for all ex per i men tal re gimes
(full color fig ure is avail able in elec tronic ver sion)



En vi ron men tal char ac ter is tics 

Un der en vi ron men tal char ac ter is tics only CO emis sion level is de fined by the
reg u la tion EN 14785. Ac cord ing this stan dard, dur ing test ing, max i mum per mit ted mean  
CO con cen tra tion based on 13% of O2 con tent in flue gas can be 0.04% v/v (500 mg/m3) at 
nom i nal heat out put and 0,06% v/v (750 mg/m3) at re duced heat out put.

Re sults of CO emis sions (cal cu lated on 13 %v/v O2 con tent in flue gas) from the
tests of in ves ti gated pel let stove for dif fer ent fuel types and dif fer ent ther mal loads are
given in fig. 9.

Con clu sions

Us ing wood pel lets for heat pro duc tion in small scale pel let stoves and boil ers
could be in creased sig nif i cantly. The im por tance of this type of heat ing ap pli ances is em -
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Fig ure 8. To tal ef fi ciency for all ex per i men tal re gimes
(full color fig ure is avail able in elec tronic ver sion)

Fig ure 9. CO emis sion for all ex per i men tal re gimes
(full color fig ure is avail able in elec tronic ver sion)



pha sized by the all ad van tages us ing pel lets es pe cially for house hold heat ing. Eu ro pean
reg u la tion EN 14785 has brought clear test pro ce dures and strict lim its for heat ing ap pli -
ances fired with this type of solid biofuel.

Ac cord ing to re sults of com bus tion pro cess for in ves ti gated small scale pel let
stove ob tained from the tests made com pletely by de mands of EN 14785, which are pre -
sented in this pa per, it can be con cluded that:
– to tal ef fi ciency re quired by EN 14785 for nom i nal heat out put (more than 75%) was

not achieved for nei ther ex per i men tal re gime;
– to tal ef fi ciency re quired by EN 14785 for re duced heat out put (more than 70%) was

achieved for max i mum ther mal load (TL_5) with all test fu els, for me dium ther mal
load (TL_3) with test fuel (P_1) and for min i mum ther mal load (TL_1) with test fuel
(P_3);

– to tal ef fi ciency for other ther mal loads for this two test fu els was slightly be low this
limit, 

– CO emis sion limit for the nom i nal heat out put (less than 500 mg/m3 at 13% O2) was
achieved only for max i mum ther mal load (TL_5) with test fu els (P_1) and (P_3). With
other test fu els and for other ther mal loads this de mand of EN 14785 was not ful filled;

– CO emis sion for test fuel (P_2) was higher for all ther mal loads it has var ied from
5350 mg/m3 to 44900 mg/m3. 

Ob tained re sults from ex per i men tal tests (ac cord ing to stan dard EN 14785) pre -
sented in this  pa per have proved the im pact of raw ma te ri als and their mix tures for pel let
pro duc tion, on the en ergy (the most in ter est ing for con sum ers) and en vi ron men tal char -
ac ter is tics of the in ves ti gated pel let stove. All of these ex per i men tal tests were perfomed
for fixed stove con struc tion (cho sen small scale pel let stove avail able on the Ser bian mar -
ket) and un der the same com bus tion con di tions (the amount of fresh air flow rate due to
the reg u la tion sys tems for cho sen ther mal load).  Also ac cord ing to ob tained re sults for
ther mal out put and to tal ef fi ciency it is pos si ble to make an im prove ment of in ves ti gated
stove con struc tion and com bus tion pro cess. These facts will be the sub ject of fur ther in -
ves ti ga tions of the au thors.
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Apstrakt
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Uticaj sirovine za proizvodwu peleta
na energetske i ekolo{ke karakteristike
pe}i male snage za zagrevawe doma}instava

U radu su prikazani rezultati eksperimentalnih ispitivawa energetskih i

ekolo{kih karakteristika pe}i male snage (8,5 kW) za sagorevawe drvenih peleta

koja se koristi za zagrevawe doma}instava. Celokupni postupak ispitivawa kao i

projektovawe i izrada ispitne instalacije izvr{ena su u skladu sa zahtevima va`e-

}eg Evropskog propisa EN 14785 za ovu vrstu pe}i. Eksperimentalna instalacija je

projektovana i izvedena u Laboratoriji za goriva i sagorevawe Ma{inskog fakul-

teta Univerziteta u Beogradu. Ispitivawa su obavqena za tri toplotna optere}ewa

pe}i (minimalno, sredwe i maksimalno) i sa tri vrste ispitnog goriva. Kao ispitna

goriva kori{}eni su peleti proizvedeni od bukovog drveta, ~amovine i wihove me-

{avine, ~ime je omogu}eno odre|ivawe uticaja sirovine za proizvodwu peleta na

proces sagorevawa. Obradom rezultata ispitivawa u skladu sa zahtevima standarda

omogu}eno je odre|ivawe energetskih i ekolo{kih karakteristika ispitivane pe}i

i wena klasifikacija prema kriterijumima definisanim standardom EN 14758.

Kqu~ne re~i: peleti, pe} male snage na pelete, energetske
i ekolo{ke karakteristike, sirovine
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