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Summnary: In the paper the nfherce of chosen factor on the process of disitegrabion and ders iheation was
preserted. The quality and ererzy commumpton of the final product (briquettes, pellets) was evabiated, & se-
lected thecoy of this process was shoared .
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INTRODUOCTION

In the industrialized countries energy produced frorm biotnass amounts to about 20%%. Howe
evet, about 50% of people popalation who rainly corae frorm the developing comntries nses about
35% of enerzy from biomass. The share of biomass exergywin the whole world reaches about 143
[Farmage and Seurlock, 1996].

Biomass is defined as all plant materials, incloding wood, grass and byeproducts which are
produced at their harvesting and yrocessing [Grover and hlishra, 1996]. &5 fo its chemical con-
shtuton, biomass conmsts of three main elements: cellulose, herncellulose and wood-wool. The
operations for biomass adaptation to ene gy parposes are size reduction and densifica tion [Opde lak
and Komsta, 2000]. The physical shmeture of biomass and ite durahiliby playa sizrificanct part in
the processing of biomass. The purposss of densification of biomass is reducing the wolare and
increasing  its density Such a shape of biomass makes its transport and logistics economically
interstve. Dharing the processing of biowass its heat value is not basically c hanged. However, loss
of water and partial charge in strochire of inflarmrable corapounds can affect the reduction of heat
value [Antal etal., 1990]. Energetic walue defined as calorimetric value depends on the percentagze
cortent of catbon and herdrogen [Derrithas, 2001].

Biomass can be nsedina direct way through itsbuwming and indirectly through the proce ssing
for iguid fuel {e.g. alcoholy or gas fuel (e.g. biogas) [Mashchenko et al, 2005]. The nett walue of
energy obtained fror bioraass ranged fror 2 W kg™ (fresh biowmass) to 27 W k™' (drybiormass)
[Derithas, 1998].
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The ohjective of thiz work was an estivnation and analysis of the influence of selected factors
energy constrption during the processing of biomass for energy parposes.

Size reduction of plant materials

Cutting the material into lttle parts of small dirnensions is aiteed at its size reduction
[Fawidlak, 2006; Deiki, 2005]. Feduction in size can be achieved either byrusing cutting tools or
size reduction by crashing. Size reduction by cutting tools canbe classified as the cutting process.
The cormnon example of a cutting process is chopping. The ai of chopping is the division of the
material info little parts of small dirnensions and  irregular but small shape . The diagram of the
chopping process is llustrated m Fig. 1
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Fig. 1. The chopping process: P —base plave (fiont], PI — workmg plane, P’ —back plane,
PP —wrcrlang baclk plane, P Dase wodking plane v — losgiundinad cuthing speed, u — speed of novemnent,
% — mtaticnal speed [Corapk et al. 1582].

The resistance of materials during its cuthing fo cormpression, bending and cuthing as well as
its densityare highly significant. These properties depend on the warieties, thelr stage of raaturity;
taoisture content and cell texture as well as place and way (direction) of cutting and knife edge
geomety. [zathinathane etal. [2006] reported that durirg the cutting process the materials undego
a lawe defornation and cormpression before the very cutting occurs. So the materials of a higher
moishire need a higher energy expenditore for the reduction of their size [Haklkila, 19207, For
mmstance, Person [1927] reported that the energy needed to cut plant matenials increases with an
mmcrease of age and stage of plant matirity

Dring the crushing  there is no contact with tools which have a cutiing edge. In this case
diffe rently shaped blunt working elements act on the processed mate rial .

Walker et al [1937] and Earle [1983] reported that energy consumption dwing the grinding
canbe expressed by the forraala:

B
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where :
L - z1ze of material particle,
E and n - constants.
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The »n walne is described by three grnding theonies: Bettinger, Fick and Bond.

The Rettinger’s theory found that the working duwring the grinding process is directly propor-
tioral to the rize of a new swface of the product. Cn the basis of this theory it is posshble fo comnt
the swface of the product. This theory found that the whole ingat energyis being transfered to the
swrface of the ground raterial If n = 2 then foroula (2) is:

sE KL Dy, (3
L, L,

where:

E_ - Hettinger’s constant,

L, - itial size of particle,

I.r— firal size of particle.

& lot of studies have shown that this theors is overly sitnplified. In reality, not all the gt
energy of grinding is being transfered to the material It depends on the kind of grinding device
and the grinding conditions.

The Kick’s the ory found that the input energyof material grinding is divec fly proporional
to the size of particle at dimersion dUL [Bond, 1961]. It means that n = 1. This energy can be
expressed by the forraula:

L
AE K In=L i
LP
where:
E —FKick’s constant.

Eick’s theory is based on the force — stram figures which are created by compressing tests
[Bond, 1961].

The Bond’s the oryde fine s grinding enerzyas the rnass unit of substance frora the dimension
of endleas length to 100 . Thiz ererzyis expressed by the forranla:

¥ ¥

i i >
where:

B — index of working, deterrainant of the material’s resistance to grinding,
d —lirear dirnension of a particle be fore grinding,
I — linear dimension of & particle affer grinding.

DENGIFICATION OF PLANT MATERIALZ

The process of densific ation of plant raaterials includes the three basic stages:

- grinding of product,

— elastic deformation of product,

— mechanical joining of the ground particles.

This process depends on the grinding technology and kind of material and can irsobe such
actions as molstening, cooling and screening (Fig. 23
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Fiz. 2. Teclmaology of briquette producton [Malladnrat and Morey , 200°7]

Depending on the degree of grinding the final products are [Sudhagar, Tabil, Sokhansar

2006a] :
atbales — 150-400 kg,
bibriquettes — 650-750 kg ™,
el pellets — A00-1000 kg 1o,
di cubes — S00-800 kg1

The total wtary energy of densification is the sura of eneigy needs to densification of loose
material and energy needs to extmsion of compacted materials (Fig. 3).
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Fiz. 3. Tmtary enersy of densificahon ard exbusion of biomass [Sudhazar, Tabil, S okhansang 2008]
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FACTORS INFLUENCING THE PROCESE AND ENERGY AT BIOMASS
DENSIFICATION

The factors influencing the process and erergy at biornass densification are [Exsiak and
Laskowski, 1999, Chidzifiski, 2005; Laskoaskl and Skonecki, 2005; Sudhagar, Tabil, Sokhansanj
2006k]:

a) physical properties of materials (moisture, bulk density),

b)wealue of compre ssion force,

o) ternperature and time of densification process,

) densifications methods.

The rmoistire of plant biotnass product ranged fror 5% to 20%% and it deperided on the watlety;
stage of ratarity part of plant and weather condition. At harvest the straw of plant sach as wheat
ot barlew has a lower moisture than eg. maize. In plant materdals there are significant differences
arnong the parts of a plant. It is especially evident in raaize staw. Figure 4 presents percentage
share of straw maize fraction (without grain) [Pordesitio et al, 2004; Miedzidtka I, Szypnanek
W1, Zuchrdarz A& 2007].
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Fiz. 4. Fractoms of matee strawr and cohs

The moisture of biomass and value of compression fowce in the densification process affect
the final product. These pararneters decide on the density and mechardcal strength [Sitkel 1986,
Sudhagar, Tabil, Sokhansar) 2004k].

The changes of energ v conswraption at densification in de pendence of pressure and rmoistre
are given in Figure 5.
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Fig. 5. Specific energy consumphon at densificatiom of matze strawr Gudhagar, Tabil, Sokhamsary 2006a].
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Lot the lowe st pressare (5 IPa) the exrtmsion eversy was swalley then de nsificatior e nerg v ior
all the moisture levels. Howeser, at the highest pressure (10 and 15 Iv[Pa) the exrbusion energy was
teatly equal o densification energy The authors Sudhagar Tabil Sokhansan) [20064] expressed
the influence of pressare and molstire on erergy conswnption during densification of brigue tes
by the forranla:

E=155+120P+0.13 M, R =09, ()]

where:

F — specific energy conswraption (W1,

P — pressure (IW[Fa),

M — moistare (3% wh).

Luthors Sudbagar, Tabil, Sokhansan] [2008] proved that the maviroon density of about 950
kg-r® was achieved at moistore ranging frorm 5% to 10%. Densification at the moisture of 15%
and the pressure of 15 IPa negatively influenced the density of briguettes. &t higher moisture the
swface of briguettes was cracked and showed an axial distertion. Sirndlar e ffects were observed
by Smith et al. [1977] during the densification of wheat straw. Gustafson and Kjelgaard [1963]
reported that during the densification of hay in moistore range from 28% to 443, the density of
brigue thes was decreasing with an increase of moisture. Andrejlio and Grochowiez [2008] showed
a decreaze of energy by ahont 54% during the densification of crornbled grain lupine in range from
0.5% to 159 A siwdlar effect was observed by A1 Widyan et al. [2002] during the densification of
oil cake. Warnukonya and Jerkins [1995] reported thata relatbrely high gquality of briguettes from
agricultural and wood residues was obfained at the moisture range of 12-20% . However, Sudhagar,
Tahil, Sokhansanj [2008] claired that the highest quality of bicguettes were obtained at the moistore
range of E-10%. &t this moisture the briquettes are dursble and do not crack,

Table 1 shows regression equation for energy consumption at grinding of different plants
straw in dependence of sieve diameter and moistore [Sudhagar, Tabil, Sokhansan) 2004a].

Tahle 1. Regression eqmation for ensrgy consmmption (E] in Wt in dependence of sieve diameter (5]

and moishe.
g Mokbiure %
L1 12
Barley E = -164%+76.52 (=0.97] E = 016 %24 25 +47 12 (7=059)
Wheat E = -1636+6508 (¥*=097) E = 40757 455 +41 95 (f=0 98
Maize E =167 +64 38 (¥'=0.596) E = 45315 30,865 + 55,45 (v'=0.58)

The anthors showed the changes of ernerzy grinding using linear fanction at the moistore of
&% and square function at the moisture of 12%.

The pellets or brigque tes production dernands application of crarbled materials. However,
grinding into little parficles is very expenstie and, as a rule, it is needed ondy at production of pel-
lets. According to Sarmsona et al. [2005] production of briguettes demands the length of chaft in
range of 6-2 mra. Kalivan and Worey [2006] reported that the decrease of geome trical dimersionof
straw maize particle from 020 to 0.66 mm results in the increasze of density of brigquettes by sbout
5-10% and their dursbility by about 50-58% at densification pressure of 100 IWPa and by shout
62-7T5% at pressure of 150 WPa, and moisture of 10%. These changes influence the increases of
ene revoonsraption frorn 0.2 t0 1.3 W for maize straw and from 2.5 to 43 Wt for swite horass,



AA0 Marmsz 5 zypnanek, Mazdalena Kachel-Talathooarska

The friction between raterials and matiy duwivg dersification process rvolves resistance
which causes the densification [Sudhagar, Tabil, Sokhansan) 2004a]. Abd-Elrabirn et al. [1981]
teported that about 40%% of inpmt energyat the densification of maize straw and hay iz used for the
densification process and 60% for overcorning the friction resistance. & sirailar cone lusion was puat
forerard by O Doghe riy and Wheeler [1984]  at the densification of cotton and barlesy straw. Hann
and Harrison [1976] reported that the friction energyvis increasing with an increass of dersification
pressure. This eneigy can be reduced by the initial heating of matix, so then the time of extm-
sion 1s shorter [Feed, 1920]. Sitkel [19264] reported that the heating of matix during the process
of densification might mfluence the cruabling of brigque tte swrface . Sudhagary, Tahil, Sokhansang
[2006a] claired that the moistening, condiiorang, addition of che wicals and physical action hefore
the densification process sigrificantly influences the reduction of conswrmption energy Aecording
to Lusting et al. [1964] the walue of fiiction enexgy is closely related with the kind of the used
densification materials.

Fiz. . showas the changes of brigquette strength in dependence on the densification pressure
and hiormass moistore.
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Fig. 6. Deperndence of specific s tength of briquettes on moisare content and conpacton presaure

Diata m Fg. 5 confirm that since the maximmrn stength of artificial st tores with a change
In compaction pressure is reached with a moisture content, then the strength of brigue tte s with an
Increage In compaction pressure mavornlybe produced with 2 wduction inmoisture content: with an
ncreage in the value of pressure there is a reduction inbrigue te porosits; and the wvalue of rmaxivom
taolecular molshire capacityalso decreases.
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CONCLUSIONE

The carried out evaluation and analyeis of the grinding and densification processes of plant
biorrass on the basis of literature rewiew have shown that the quality of the fival product (briguette
or pellet) as well as energy consuription at its production depends on mareerous factors such as:
composition of granlates, physical and chemdcal properties of plant materials and technology
tre thods and conditions of production as well as the constuction and working parareeters of the
used devices. Dhring the ozarnization of the process of grinding and densification it shouldbe taken
mto consideration that the quality of the processed product is mfluenced not only by imdradual
pararneters but alao by their combination (interae ton).
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OCENATL ANALIZA WYBRANY CH @;YNHIK@WWLYWM&CYCH )
NaATAKORC ORAZ ENERGOCHEONNOSC PRZETWARZANIA MATERLALOW
ROSLINNYCH HA CELE ENERGETY CZNE

Streszemaae. W pracy preed vl toar ano wpbper wvbranah cmmmnkosr wpbrarajgowch na proces romdrah ma-
1Ma 1 zages ozaria blomasy roflinre) w aspeloae jalodol pogysloranegzo produltn fmahezo (brdoetn, peleia)
oraz poncszonych naldadder ensrgetrmrrh Prmedstawrono talse wbare teowtyeme podstaary dotyezgoe

romdradh mara 1 zages rzara.

Showa khaerowe: biomas 2, rozdrabmaie, zazesmozania, eretz ocldonmed &, wisd cprodel fzyrme



