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Abstract. The paper presents the numerical modelling metloggoof separated gaseous pollutants concentrations
assess and results obtained by comparison witkestperiment values. Gaseous pollutants separate Wigesolid
fuel, which is consisting of different types oftf@nted (also another organic and municipal) wasteburned.

It was found a new formula to calculate the conweerdactor of nitrogen, which is in fuel. Also iaa be used to
another organic types N@oncentrations assess. The simulation resultprasented applying the new values of
conversion factors. The suggestion that the theatedmount of air is proportional to the calorifialue was used to
check the known fuel species composition analys¢s. he two equations are set by Least-squardsoohelt can
be assessed in combustion air and combustion piotheoretical quantities. Based on these addicitansbe de-
termined not only fermented wasfg,' andVy, but knowing only the calorific value of fuels aather fuels theoreti-
cal values. The prepared equation which present@aper can be used to describe the dependendeagfem con-
version in solid fuels from the nitrogen contentONconcentration values determined duri@gska&Wandrasz
model differ, on average, by 12.7 % from valuesidied during investigations, except for thoseabtished for
fermented grain substrate. The main assumptioth®&formation of larger inadequacies can be relafi¢ul instabil-

ity of fuel combustion that is preconditioned by thulkiness, porosity or ash content of fuel alefity) other factors.
More detained research on the physical charadterist fuel is necessary to have this assumptiarilcoed.

Keywords: biofuel, combustion, fermented waste, heating vatumdelling, nitrogen oxides.

1. Introduction areas, therefore, is the design of new technologies
tended for the use of renewable, local and wastegsn

Direct combustion of biomass after biogas digestiomesources; moreover that the development of renlewab
has the potential for generating a valuable prodddte, and local energy resource (biofuel from biomaseypc-
at the same time, protecting the environment byibs tion and use technologies is one of the key aimthef
ing the litter in an environmentally benign mantfan-  Lithuanian energy (Katinast al. 2009; Slagiauskas and
drasz and Wandrasz 2006). Kalpokait 2006; Zidonyte 2006; Stasias 2007).

The characterisation of certain biomass types as The scientist (Balthas and Kvasauskas 2007; Bal-
waste not only bears consequences for the appdicabiréenas and Kvasauskas 2009) found that the best possi-
regulatory framework, but also for the EU’s poliop  bilities of developing the utilisation of the orgamwaste
renewable energy in general, one basic questiongbei are related with its use for energy recovery. Tiradal
whether energy generated from waste should bededar biomass burning in stoves may be simple and unpnobl
as renewable energy. The realization of techno#bgic atic where energy production volumes are low abdua
processes with formed fuel components in associatefdrce is cheap (Stasias 2007). Such method of energy
thermal systems should be qualified by technici#ca, production at large energy facilities requires highour
which means that elementary processes as welctmda and energy costs (Denafas and Buitied 2008). With
of sustainable development, from a global viewpointthe aim of automating the process of biofuel bugnin
must not be disturbed (Wandrasz and Wandrasz 2006). some countries of the European Union (Austria, Ger-

Currently, research on biodegradable waste utilisamany, Sweden, and others) have adopted technia st
tion, especially after biogas recovery, has become dards of wood briquette and granule quality (Spaddr
creasingly relevant (Zigmontiénand Zuokai 2010; al. 2000; Sahin 2011). In the meantime insufficiently
Cepanko and Baknas 2007). One of priority research research has been done on the composition and aherm
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properties of solid biofuel recovered from fermehte fire model, which must capture the essential dycarat
waste Cepankoet al. 2010a;Cepankoet al. 2010b). different scales (Yuan 1999).

The idea for the conversion of segregated combusti- The heat transfer and pyrolysis inside the wood ma-
ble components or combustible substances from technterial are modeled using the onedimensional model o
logical processes into fuel is based on the follmnvas-  (Gragnli and Melaaen 2000), which was further depetb

sumptions: by (Ritchieet al 1997). The model is applied on each
« substances of fuels have identified chemical prhigmer wood material surface cell of the computational dom
and composition, that make components; and It describes the evaporation of moisture and trgrata-

« the combustion process of formed fuels is known- (Bution of the virgin wood to gaseous fuel and chaav@en-
inevicius 2009: Raveendraet al. 1996; Wandrasz and _dranet al. 1996; Yanget al. 2004). The volatile gases are
Wandrasz 2006). instantaneously released to the gas space.

One of the ultimate goals of fire modelling is t@p In laminar flames, and at the molecular level withi

. o : bulent flames, the formation of N@an be attributed
dict flame spread and extinguishment over practic ﬁur R ) L
building materials and furnishings. In additionindivid- Yo three distinct. chemical kinetic processes. TH@, N

; - formed by these three processes is described amahe
ual solid and gas phase models, the coupling betes )
phases must be captured so that the burning ragieeis NO,, prompt NQ, and fuel NQ. Thermal NQ is formed

dicted rather than prescribed (Grgnli and Melag@d02 by ﬂlle (:_X|dat|_onpof atntmsp_herlc gltro%eg prrf.}sﬁmhﬂ d
Recent numerical studiesl of the solid phase pgimly COMpustion air. Fromp NOs produced by high-spee

have used computational fluid dynamics (CFD) foe th reactions at the flame front, and fuel Ni® produced by
modelling of this coupling. These studies have S,nowoxidation of nitrogen contained in the fuel (Buin@us ir
that in small scale, where an external source difition Puida 2005, Buinevius 2009).

is usually present, the effect of the flame fee#bdwoes tion gfhea';ee%ﬁ'sm gflfjrt"asn\tlv?l\il;)\(levrﬁsgocnas”% OomUttﬁg e\r/g(lzlfa
not control or sustain the pyrolysis (Raveendednal. 9 P P

1996). However, at larger scales the flame feedbsck ess of incineration through the employment of itaig

likely to dominate the net heat flux, and correstingly Gaska&Wandrasmodel.
the overall burning rate. This presents a challengge
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Fig 1. Date of the elemental composition of fermentedtevé3 — carbon content; H — hydrogen content; S — sudfmtent;
O — oxygen content; N — nitrogen content; A — aghat)
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2. Elemental analysis of fermented waste and theor eti- HHV = 0.3491c + 1.1783h + 0.1005s— 0.10340 —
cal calorific value estimation —0.0151n - 0.0211p 4)

Elemental analysis of wood and fermented waste Demirbas (Eq. V)
(poultry manure, piggery slurry and grain resideig, 1)
samples was determinate in Institute of Chemistryilb HHV = 0.335c + 1.423h — 0.1540 — 0.145n (5)
nius University in Department of materials struetiabo-
ratory using scanning electron microscopy. In thighere HHV — higher heating value, MJ/kg; ¢ — carbon
method membranes were sputter coated and imaghd witontent; h — hydrogen content; s — sulfur content:
a Zeiss EVO 50 XVP scanning electron microscopexygen content; n — nitrogen content; p — phosphoru
equipped with digital image acquisition. Averagbefi content (all in percentage).
diameter was determined from representative samples Experimental results show the effect of moisture
using NIH ImageTool (UTHSCSA version 3). All meas- content can be accounted for by using the net mgati
urements were taken perpendicular to the long akis value in which the latent heat of the moisturehia waste
electrospun fibers. Measurements were calibratech fr is subtracted from the higher heating valGeganko and
size bars incorporated into the SEM images atithe bf  Baltrenas 2009).
capture (Speiseat al.2001). Model patterns listed were fit with the experiménta

The chemical elementary composition of the dry bio-data by regression analysis using all sample daiatg
mass of fermented waste differs from that of fofsdl.  (Huanget al. 2008; Gaska and Wandrasz 2008; Demirbas
The average elementary composition of the bionams’- 1997; Demirbagt al. 1996). The method of least square,
bustible part varies in the following ranges: 43387 % minimizing the error squared, was used to evaltiate
for carbon, 0.21-4.75 % for hydrogen, 32.45-44.30% adjustable parameters for each expression (Majumder
oxygen. In addition, around 0.02-0.98 % of sulpand 2008). To select the most appropriate correlatiie,
around 0.1-4.38 % of nitrogen was identified in waste  coefficient of determinatiorRf) was mainly considered.

biomass. Subject to the conditions of treatment@ega- For models based on the ultimate analysis, the best
ration, thg waste biomass also contains up to 078-% of  fit was achieved by Egs. (IV) with the’®f 0.9438. To
chlorine Cepankoet al.2010b). sum up, the best universal correlation to represieat

As research results showed, the highest contents dkating value of organic waste in terms of elenlenta
nitrogen were in the substrates of a mixture oihewna- analysis data would be Eg. (IV). Investigations vgs0
nure and meat waste (at the ratio of 1:1) and gesigch-  that the value which was calculated by Eq. (IV) fady
ing 9.80 and 4.38 % of a dry mass, respectivelyother small discrepancies between the experimental values
substrates the content of this element was 2 ton8st (Cepankeet al. 2008;Cepankoet al. 2010a).
lower. The content of nitrogen in wood granules was  Experimental results presented a large varietyhef t
much lower than that determined for waste and atteas fermentable waste conditions. The compositionsiof b
for 0.1 % of a dry masg’epankoet al. 2010b). mass among fuel types are variable. The highesdiqiesl

As latest research showdpankoet al. 2008), fer- HHV are from less than 18.4 KJ/kg to as high asoatm
mented waste is characteristic of much higher astenit  23.3 KJ/kg show the daff of grain witch carbon emtt
(3.84-18.95 %) than wood granules (0.89 %). This fe was also the highest from other type of fermentalzste
ture of the waste should be considered when dewigni (Cepankoet al. 2008).
incineration installations. Based upon experimental date collected from litera-

The models based on ultimate biomass analysitire (ECN laboratory date) ultimate analyses, tlestb
(Huanget al. 2008; Gaska and Wandrasz 2008; Demirbasesults show coefficients of determinatiorf)(@f 0.9438
1997; Demirbaset al. 1996) which could by evaluated for the model of Wandrasz. The heating values obthi

calorific values of fermented waste is: from the models of Demirbas #80.9150) and Milne
Tillman (Egq. 1) (R*=0.9187) was also in good agreement with that at-
tained by theoretical value calculated with modél o
HHV = 0.4373c — 1.6701 (1) Wandrasz (epankeet al.2010a).
The comparison was also made for different catego-
Jenkins Eq. 1) ries of waste from which the above correlationsende-
rived and it was observed that irrespective of fiet
HHV = 0.4791c + 0.6676h + 0.05890 — whether a waste falls under the classification efage
—1.2077s - 8.42 (2) sludge, organic residue or grain, the values ofrae
absolute and bias error with the present correlatice
Grabosky and Bain (Eq. 1) either minimum or comparable to minimum. It is ob-

served that the average absolute error of Wandindz
HHV = 0.328c + 1.4306h — 0.0237n + 0.0929s — (1 — Demirbas for the entire spectrum of fuels considere

—p/100)(40.11h/c) + 0.3466 (3) herein are in the order of 2.07 and 1.09 %, respgf
while the bias error for the same correlationsfaved to
Wandrasz (Eq. IV) be -2.07 and -1.09 %, respective@iepankoet al. 2008).
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3. Evaluation of the air amount required for combus- strates were mixed up at different proportions withod
tion and the generating theor etical quantity of fume granules. The experimental incineration covered.(E):
wood granulesl)), poultry manure with wood granules at
On the basis of the previous research findin@s-(  the ratio of 1:2 Zc), swine manure3a) with meat waste,
pankoet al. 2008,Cepankeet al. 2009), the dependencies the ratio 1:1 §b), and wood granules at the ratio of 1:2
(formulas 6 and 7) that can be used to evaluatehdse-  (3c), grain substrated].

retical quantities of air and ga¥,{, andV) necessary Fuel was combusted at a stable traction of 9-9.ib Pa
for combustion of the fermented waste. the incinerator and smooth air supply for combustod
by changing the frequency of fuel supply screw eagi
V40 =0,000261Q+0,05954 (6) from 6 to 20 Hz. The concentrations of carbon matex
and dioxide, sulphur dioxide, nitrogen oxides amgigen
V. 0,0002910+0,04886 (7) in fume as well as fume temperature in the measemem

places of concentrations were determined experatignt
Temperatures and gaseous component concentratermas w
determined with a mobile gas analysé€iegankoet al.
2010b).The performed test of repeated experiments shows
N N N N that the average square error of measurementsnafu
Qz(LHV )=348 [ " +939 [H " +105(5, + tion gas concentrations in combustion products nguri
+63[IN " -108[0 " - 25V (8)  waste incineration is no larger than 15 %. The expn-
tal results were processed statistically by ushng soft-
whereC" is carbon content in fueH" hydrogen content, ware package Statistical and presented with thabiky
Si" sulphur contentQ" oxygen contentN" nitrogen con-  of p=0.95 (Krylovaset al.2007).
tent andw fuel moisture content.

whereLHV (Q) = Q;" is the lover heating valu€épanko
et al. 2010) that could by determined with formula:

try manure (2), swine manure (3), swine manure wittatme

Table 2. Combustion characteristics of fermented waptaul- ‘
waste at the ratio 1:2 (3a -3*), and grain substrédg)

Sample Voo \V
Name of waste
Nr. m/kg m/kg
2 Poultry manure 4.59 5.10
3 Swine manure 3.68 4.09 [
3a-3 Swine manure/ meat
waste 5.61 6.24
(at the ratio of 1:2)
4 Grain 4.98 5.54

The values of these parameters determined for tr
fermented waste knowing only its calorific valuerff

mula 8) are presented in Table 2. Fig 2. Scheme of sample incineration boiler with auto-

matic fuel supply 1 — fuel bunker; 2 — fuel screw; 3 — im-
movable grate; 4 — service door; 5 — window to watecH f

4. Experimental investigations of fer mented waste combustion process; 6 — gaseous pollutant sampling
incineration and nitrogen oxides formation during place
combustion

The incineration of fermented waste substrates
The experiments of fermented waste dewatering andluded poultry manure with wood granules at a ratio of
incineration were carried out in June and July 2008 1:2, swine manure, swine manure with meat waste at
Incineration was carried out at the Kaunas Univerratio of 1:1, swine manure with wood granules ahtio
sity of Technology (KTU) Laboratory of Combustion of 1:2, and grain substrate (Table 3).
Processes, in a solid fuel burning boiler with é¢alifuel It is determined experimentally that fuel humidity
supply to the incinerator with immovable grate (F2).  did not have a significant impact on a fuel comimumst
This laboratory model of boiler could be used fealea-  process as it varied within minor limits (1.31-2%#.
tion of gaseous pollutant concentrations of highpo In summary of the investigations of fermented waste
boilers. During the optimum conditions and compfete  incineration in a low-capacity stand it can be esfathat
(wood) combustion, the concentration of gaseouBipol the maximum temperatures of combustion products at
ant errors was of up to 20 %dpankoet al. 2010b). To boiler outlet were achieved when burning wood glasiu
have uniform combustion the fermented waste froen thand grain reaching 177°C and 147.8C, respectively.
fuel bunker was continuously supplied to the fumamn In other cases temperatures were lower becausene |
oblique grate. To improve the combustibility of sam calorific value of the waste.
substrates and maintain the process of combustidmn,
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Table 1. Comparison of nitrogen oxide concentration in senddring incineration of fermented waste, measdrethg experimen-

tal incineration with normative data during combastof fuel and waste

Requirements for NO
NOy NOy Requirements for | (mg/kg) in Environmental . .
S?\ITple (0,=6%), (0.=11%), NO, (mg/kg) in requirements for Exciedlng Excs*edlng
) mg/kg mg/kg LAND 43-2001* incineration of
the waste**
la 664 442 0.8 1.3
3c 1891 1260 2.2 3.6
4da 4682 3121 650 350 8.0 8.9
4b 4178 2785 4.8 8.0
4c 1331 887 15 2.5
5a 5084 3389 4.1 9.7

Comparison of NQ i, and NQ, 4 CONcentrations been present if NOwas composed of thermal NOrhus,
with the permissible limit values, determined fdret these experiments confirm the fact that,NOncentration
biomass pursuant to LAND 43-2001, show that exduring these tests was predetermined by the comtent
ceedances reached 1.2-6.5 times and 2.0-7.8 tihaes ( nitrogen in the material being incinerated (Buidms
ble 3), and according to the environmental requinet®m  2009).
for waste incineration these exceedances varied fr® Big emission of nitrogen oxides was determined dur-
to 8.0 and from 2.5 to 9.7 times. ing grain burning, i.e. similarly as in the caserafinerat-

It is established that high concentrations of,M@ ing swine manure with meat waste. NEncentrations
predetermined by a high content of nitrogen comgsun  changed from 751 to 1002 mginDue to a very fine
the fermented waste. The comparative tests allosnalu-  fractional composition, burning of this type of wasvas
sion that NQ concentration in the products of combustiondisorderly. When fuel accesses the zone of comdysti
is predetermined by fuel's NOWhen designing industrial volatile substances burn up quickly and the conibrst
installations for fermented waste incineration, sueas of the remaining part of fuel is protractédepankoet al.
aimed at reducing NOgeneration or smoke treatment fa-2010b). High instability of combustion was recorcdatd
cilities have to be envisaged (Buingus 2009). the concentration of £of around 18 %. Atypical chang-

During wood granule burning, fluctuations of nitric ing tendencies of NOand CO concentrations were re-
oxide concentrations were not significant varyimgnf  corded as the concentrations of both the comporaets
264 to 322 mg/rh The fact that no strong dependence ofincreasing and decreasing at the same time. Thisbea
NO, on the oxygen concentration was determined showaxplained by the flashes of more rapid combustybiif
that the thermal constituent of N@s insignificant and fuel as the temperature of combustion products avoul
NO, of fuel is prevailing. also increase (Kavaliauskas 2005; Buigig 2009).

During fermented poultry manure incineration, NO
concentration varies between 476 and 671 mglike in
the case of wood burning no strong dependenceachar
teristic of the thermal NQ on oxygen concentration was To the evaluation the conversion factlg was
observed (Kirubakaraet al. 2007). In this case, too, NO needed the theoretical amount of combustioiVaif and
constituent of fuel is prevailing whereas the agerdlQ,  the theoretical volume of combustion produés which
level is higher by around 300 mgfrthan in the case of can be calculated by (6) and (7) equations and wtie
incinerating wood granules. pending on the fuel lower calorific valu€dpankoet al.

It is determined experimentally that swine manure2010b):
waste burnt slowly and heavily. This is also canéd by a
low temperature of combustion products. The inereasr
amount was supplied for combustion in order theadyin
flow would also perform the function of ash remofraim  whereKy is nitrogen conversion factor in % is nitro-
the combustion zone. Rather low concentrations @f N gen content, g.
obtained as a result cannot be considered as fhealty It is estimated that the fuel nitrogen conversion t
ones as no quality combustion occurred. Howevemén-  NO, ratio values of fermented waste generated ranging
ating pure swine manure in a heated furnace ofvacl> from 0.0433 to around 0.242. By comparison, in the
pacity installation would be possible (Buinius and schedule was delayd€l values obtained by experiment
Puida 2005; Buinevius 2009). and by Cepankoet al. 2010b) authors and was deter-

In this case the average N©@oncentration is higher mined trend (10).
by around 240 mg/frcompared of the swine manure with Analysis of the survey results showed that undaflyo
wood granules to burning wood alone. A high lea€@®  different nitrogen sources and different types uel fcom-
concentration, from 1058 to 3892 ppm, actually Imad bustion, fuel nitrogen conversion to N©an be roughly
effect on NQ concentration. Such an effect would haveestimated by the equation (when p = 0.05 ahd ®8344):

5. Evaluation of conver sion factor

Ky = (N"in theNQ, emissionN" in fuel)*100  (9)
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Fig 3. The conversion factor value of N®om solid fuels nitrogen (1 — wood pellets, 2ditfvegetable waste, 3 — poultry
manure, 4 — pig manure, 5 — grain)

Ky = 14.941N" 0854 (10)  gaseous combustible components (complete combiistion
and there is no dissociation of génd HO products.
So great statistical error (8.65 %), given thet{éd, Balance of elemen{$zargut 2003)
it makes the difference (from 7 % to 40 %) betwesti-
mated and real emission of NOlo avoid such a large C:ne :”éoz (11)

discrepancy the new trend must be corrected (ttaitis
error should be at least 2 %) (Kryloveisal. 2007).

Applying the new formula the conversion factors
values of nitrogen to NQOemission is: for vegetable/fruit
waste — 0.2247; for poultry manure — 0.1433, foy ipia- Hy ' My, * MpX e + Mo =My o +1n;m , (13)
nure — 0.0816 and grain residue — 0.0433. 2

Dependence (10) formula is universal for many
kinds of waste and independent of the temperatfire d: n, +0,21n'a+1n'H20 + 20 X, =

. . . . 2 2

combustion. Calculating a conversion factor taketo i

S: ng=ngg, (12)

account indirectly the amount of oxygen used during =g, *Nco, *Nsq, ’%”HZO’ (14)
combustion whem=1.4, i.e. @=6 %, and directly in the
calculation of the theoretical value of the theiosdt No: 0790+ =t s (15)
amount of combustion aiNg,o‘? and the theoretical vol- 2 TN TN,
ume of combustion product¥y).

product¥y) Ch i, =i (16)
6. Numerical simulation results of nitrogen oxides
formation, during combustion Molar composition of dry exhaut gas:

The optimization algorithm ofGaska&Wandrasz . 17
model is based on a linear programming problenntaki [co,]=—=> (17)
advantage of a modified simplex method. This atpari *
is distinct from a classic algorithm for it allows to con- .
sider the changes of decision variables of the iagler- [s0,]=152 (18)
missible space, defined on the basis of carefulyaisaof Mss
technical conditions, as well as ecological andnecuic
ones which parameters of formed fuel must satisfyaise o,]= Mo, , (29)
of their use in thermal associated processes. The p g
sented mathematical model is a base for objectvzie
numerical models and expert systems of assistamce i (20)

p— n;\lz 1
decision processes (Gaska and Wandrasz 2008). [NZ]'T;S

Stoichiometric equations of the fuel combustion
process were formed with the assumption that irptioe N, (21)
duction of the process there is a lack of soliquiti or [Hoi)==e

Ngs
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Fig 4. Comparison og nitric oxide concentrations obtaibgdhe experiment and of simulatioh< wood pellets, 2 —
fruit/vegetable waste, 3 — poultry manure, 4 —mpinure, 5 — grain

[H,0]="20 = x,

ss

(22) discrepancies which led the fuel mass looses imtize
» combustion process was not constant (Babiktisal.
2008; Demirbas 2010). It's also could be relatetth wie

The calculation procedures outlined above are enfifain porosity and with high burning rate and losha
bodied in a numerical model programmed in the Rasc&ontent (Kavaliauskas 2005; Buin&us and Melkunas
(Delphi 5.0) high-level object-oriented languageu(d 2008; Wandrasz and Wandrasz 2006). To confirm the
nicki et al. 1998), with a graphical Windows-based userassumption it is necessary further study of thé pbgsi-
interface. In order to verify our numerical modahd to ~ cal and chemical properties.
validate (Retsgaard and Henriksen 2004) its compute
code, we simulated test problems and comparedesur r7- Conclusions
sults with the analytical solutions.

Validation of the model was carried out with thé fo 1.Based upon experimental date collected from liteeat
lowing assumptions: for the fuel formed from fermezh ~ (ECN laboratory date) ultimate analyses, the best r

waste of the chemical composition (Fig. 1); optiatian sults show coefficients of determination’(Rf 0.9438
constraints imposed on fuel formation process amedu  for the model (formula) of Wandrasz. The heating va
(Table 2). ues obtained from the models of Demirba&@rR9150)

Results of laboratory combustion tests of and mod- and Milne (R=0.9187) was also in good agreement
elled values, as well as results of computer sitioria, with that attained by theoretical value calculateth
are presented in Fig. 4. model of Wandrasz.

The results obtained when using Baska& Wan- 2.The results obtained when using tBaska&Wandrasz
drasz model for assessing NCconcentration contents  model for assessing N@oncentration contents and by
and by applying the adjusted coefficients of nitmg  applying the adjusted coefficients of nitrogen cemv

conversion differ from the experimental results b¥: % sion differ from the experimental results by: 14féb
for wood granules, 7 % for fruit/vegetable wast@, % wood granules, 7 % for fruit/'vegetable waste, 3%0%o
for poultry manure, 21 % for swine manure (Fig. 4). poultry manure, 21 % for swine manure.
NO, concentration values determined during model:3 As a result of computer simulations wiBiaska& Wan-
ling differ, on average, by 12.7 % from values iféeed draszmodel and laboratory experiments, the model gives

during investigations, except for those establisfied  the results that are very close to the obtaineth ftioe
fermented grain substrate€dpanko 2010). The main as- real process. NQOconcentration values determined dur-

sumption for the formation of larger inadequaciar be ing modelling differ, on average, by 12.7 % froniues
related with instability of fuel combustion thatpsecon- identified during investigations, except for thasstab-
ditioned by the bulkiness, porosity or ash contd#rfuel lished for fermented grain substrate.

along with other factors (Grgnli and Melaaen 2000;
Kirubakaranet al. 2009). More detained research on theAcknowIedgement
physical characteristics of fuel is necessary teehthis

assumption confirmed. . The author wishes to express their gratitude taAss
The assessment of substrate grain results show thgtof k. Buinevitius for the scientific advice and the op-
the average error of modelled and experimentainaséid portunity to perform laboratory tests in Laboratasf

values was much than 65 %. The basic assumption f@fompustion Processes laboratory (Kaunas Univerdity
these phenomenon explain could be related withetarg Technology).
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