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TESTS OF THE PROCESS OF POST-PRODUCTION ONION WASTEPELLETING
Summary

The aim of the research was to analyse the proakssion waste pelleting in terms of its use asddér additive. The pa-
per assesses the influence of the moisture confestiredded onion waste on the energy consumpfitimegpelleting sys-
tem and the density and kinetic durability of theained pellets. The tests of the pelleting proeese carried out on an
SS-4 stand, whose main component was the P-3@ pell with a flat rotating die with an openingasheter of 8 mm and
an opening length of 28 mm, working with a setwaf tlensification rolls. In the course of the te#itg influence of the
moisture content of shredded onion waste (17.1%4,%%nd 24.0%) on the energy consumption of theepavill, the tem-
perature of the working system during pelletingd dine kinetic durability of the obtained pelletsravéested. The tests of
the pelleting process were carried out at a masw flate of shredded onion waste of Q=20Kg a rotational speed of the
set of densification rolls of #1170 rpm* and a gap between the rolls and the die #Ob mm. On the basis of the per-
formed tests, it was concluded that as the moistantent of the onion waste increases from 1724t0%, the energy con-
sumption of the power mill decreases by 22.6%,@leith a decrease in density of approx. 15%, atismum reduction
in kinetic durability of pellets of approx. 0.5%.
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BADANIA PROCESU PELETOWANIA POPRODUKCYJNYCH ODPADOW CEBULI
Streszczenie

Celem bada byta ocena procesu peletowania (granulowania) atfpa cebuli w aspekcie jego wykorzystania jako dadat
do pasz. W pracy oceniono wptyw wilgairicozdrobnionych odpadéw cebuli na zapotrzebowaaienoc uktadu granulu-
jacego oraz na gptas¢ | wytrzymaitgé kinetyczg otrzymanego granulatu. Badania procesu procesatpefania (granulo-
wania) przeprowadzono na stanowisku SS-4, ktoré@gemym elementem jest granulator P-300 z wykormyesta ptaskiej
obrotowej matrycy grednicy otworéw 8 mm i diugoi otworéw 28 mm, wspétpracigej z ukladem dwoch rolek zeg-
czajcych. W trakcie badaokrellono wptyw wilgotnéci rozdrobnionych odpadéw cebuli (17,1, 19,1 i 24)(ha zapotrze-
bowanie granulatora na moc, temperatwkiadu roboczego w trakcie procesu granulowaniazona @stosé i wytrzyma-
tos¢ kinetyczp otrzymanego granulatu. Badania procesu granuloagrzeprowadzono przy masowymedahiu przepty-
wu rozdrobnionych odpadéw cebuli Q=20-ké, przy pedkaici obrotowej uktadu rolek zagzczajcych n=170 obrmin®
oraz przy szczelinie muzy rolkami a matryg h,.=0,4 mm. Na podstawie przeprowadzonych liastavierdzonoze wraz ze
zwiekszeniem wilgotnici odpadéw cebuli od 17,1 do 24,0% ngstje spadek zapotrzebowania na moc granulatora
0 22,6% oraz spadekestasci 0 ok. 15% przy minimalnym spadku wytrzymgitkinetycznej granulatu o ok. 0,5%.

Stowa kluczowepeletowanie, odpady cebuliegtasé¢, wytrzymatdé kinetyczna

1. Introduction onions, with a total volume of 3.5x104 tons, whigdmer-
ates a considerable amount of waste, includingsskin the
During Poland’s gradual integration with the Eurape EU Scale.
Union, numerous legal waste management standards we This is corroborated by Moure et al. [15], accogdio
introduced [6]. whom over 450,000 tons of onion solid waste (OSW) i
According to Dach and iewski [6], in the case of the produced in Europe each year.
agro-food industry, this resulted in new restric$ioas it turned According to the Law on waste of April 27, 2001,[8]
out that materials that are theoretically a goatlifeer (e.g.  onion skins are included in group 02 (waste fromicady
decoctions, or vegetable, mushroom or herbal ptamuc ture, horticulture, aquaculture, fishing, huntingdafood
waste) must be treated as waste and subject fwrdper pro- processing), with code 02 03 80 attributed to njace,
cedures of storage, disposal, processing and use. sediment and other plant processing waste).
According to Kumider [14], the amount of waste pro- In the case of onions, at the peeling methods milyresed
duced during fruit and vegetable processing is iwittD-  (by machine or by hand) the losses amount to apf5%,

35% of the mass of the processed raw material. depending on the size and quality of the raw nsteri
Post-production onion waste in the form of onioisk At a nationwide scale of onion production amounting

and outer layers is one of the types of waste mrediin 577,983 tons (data for 2009) [29], the amount oftedhat

fruit and vegetable processing plants. needs to be disposed of is approx. 144,496 tonsaa. y

According to Eurostat [9], during its productiomien  Hence, this is a considerable amount of waste daatbe
is processed into the form of: dried, whole, slicedroken changed into a full-value fuel or fodder.
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Onion skins are used for various purposes. Accgrtbn

The obtained raw material was very moist and wetshr

Dach and Niewski [6], onion waste is an organic materialded. The drying process took place in natural dooms.

which — appropriately processed and used as il
may significantly improve soil yields. However, acding

to Dach and Niewski [6], it cannot be directly used as fer-

tilizer as far as onion production is concerneds t the
risk of infection of plantations with fungal diseas particu-
larly Fusarium

According to Barbar et al. [3], onion skins canused
as a new raw material for enzymatic production eftjc
oligosaccharides with a directed degree of poltidma

According to Barbar et al. [3], onion skins wesed for
the production of paper for typing of duplicatesiitypewriter.
Moreover, they are also used as a raw materighéoacquisi-
tion of carpet and cotton fabric dyeing pigmenis urrently,
they are used as a raw material for the acquistionom-
pounds used as antioxidants with a strong antiokidetivity
— mostly polyphenols (such as quercetin and otagoffioids
with medicinal properties) [1, 7].

They are also a raw material that is a rich soofgectin [3].

Onion waste is also used [24, 25, 26]:

- as a substrate for biogas production,

- as a raw material in ethanol production,

- in nutrition, as a raw material in dietary fibre@guction,
- as a source of acquisition of sulphur compounds,
- as a source of dietary fibre.

Numerous scientific and application papers [1, 1D,
16, 17, 18, 19, 20] confirm that pelleting or bmedfing
various kinds of plant waste materials into thenfoof a
solid fuel (pellets, briquettes) is one of the mostmon
methods of their management.

2. Aim of the research

The aim of the research is to analyse the prooéss
post-production onion waste pelleting in termstefuse as
a heating fuel or a fodder additive. In the paplee, influ-
ence of the moisture content of shredded onionenasthe
energy consumption of the pelleting system anditesity
and kinetic durability of the obtained pellets wassessed.

3. Research methods

Shredded onion waste was the research materipgctub
to pelleting (Fig. 1) obtained from a plant locatedvietno,
which peels onions for the needs of the P.P.H.dof&l
Grudzidz cold storage facility.

» i ‘-',
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Source: own work Zrodio: opracowanie wiasne

Fig. 1. View of the tested onion waste (after dgyiand
shredding)

Then, pre-dried waste material was shredded by sneba
“Bak” H-111/1 flail shredder into fractions of approx.
5 mm and smaller.

Tests of the pelleting process were carried o8 S-
4 stand, presented in papers [20, 21].

The main component of the SS-4 stand includeBadP-
pellet mill with a “flat die-densification rolls” erking sys-

tem. The SS-4 stand was equipped with a universal meter

for the measurement of the device’'s energy consiompt
and a recorder (Spider 8) coupled with a computer.

In the course of the tests, the influence of thestare
content of shredded onion waste (17.1, 19.1 an@92pon
the energy consumption of the pellet mill, the tenapure
of the working system during the pelleting process] the
density and kinetic durability of the obtained pdl were
determined.

The tests were carried out with the use of adiating die
with an opening diameter of 8 mm and an openingtteaf 28
mm, working with a set of two densification rolls.

The tests of the pelleting process were carrigdaba
mass flow rate of the shredded onion waste of Q0"
at a rotational speed of the set of densificatiolts rof
n=170 rpn" and a gap between the rolls and the die of
h=0.4 mm.

24 hours after pellets had left the working systdreir
density and kinetic durability were determined wtitle use
of the Holmen tester, pursuant to PN-R-64834:1988,
cording to the methodology presented in papers22D;

The granulometric distribution of onion waste vekes
termined with the use of a Multiserv Morek LPz-2bdra-
tory shaker, according to the methodology preseintqzh-
per [20], among others, using a set of 7 sievel thi¢ fol-
lowing side dimensions of the square mesh: 4 mmn®, 1
mm; 0.5 mm; 0.25 mm, 0.125 mm and 0.063 mm.

Pellet density was determined (24 hours after ifleas
tion) by measuring the height and diameter of peldth a
calliper, with an accuracy of +0.02 mm, and deteing
their mass using WPS 360 laboratory scales, withcou-
racy of £0.001 g. Density was calculated as thie @it the
mass of pellets to the sum of their volumes.

Determination of the moisture content of the raaten
rials (onion waste) before densification was perfed pur-

suant to PN-EN 14774-1:2010 [28] by means of a WPE

300S moisture analyser, with an accuracy of 0.0d9fsu-
ant to the methodology presented in [16, 20].

4. Research results

On the basis of initial tests, it was determinkdt tthe
tested onion waste is characterized by a low balsdy of
approx. 171.77 Kgn>.

Fig. 2 shows the results of a sieve analysis ®fddand
shredded onion waste before pelleting.

The performed sieve analysis of waste (after slingg
showed that the 2 mm fraction comprised its higlpeet
portion (35.69%), the 4.0 mm fraction comprised5266,
while the 1 mm fraction comprised 19.76%. The lawes
proportional content was observed for the >4 mratioa
(0.73%) along with the extra-sieve fraction.

Fig. 3 shows the results of tests of the procésensi-
fication of onion waste (the relationship betwelem ¢nergy

Rys. 1. Widok badanych odpadéw cebuli (po wysuszengonsumption of the pellet mill and the moisture teoi of

i rozdrobnieniu)
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Fig. 2. Granulometric distribution of shredded anisaste
(before pelleting)
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Fig. 4. Relationship between pellets density are riois-
ture content of densified onion waste
Rys. 4. Zalgnasé gestasci granulatu od wilgotngci zagesz-

Rys. 2. Rozktad granulometryczny rozdrobnionychaedp czanych odpadéw cebuli

dow cebuli (przed procesem ich granulowania)
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Fig. 3. Relationship between the energy consumpifche
pellet mill and the moisture content of the demesifonion
waste
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Fig. 5. Relationship between the kinetic durabitifypellets
and the moisture content of densified onion waste

Rys. 3. Zalgnas¢ zapotrzebowania na moc granulatora od Rys. 5. Zalgnasé¢é wytrzymatdci kinetycznej granulatu od

wilgotnasci zageszczanych odpadéw cebuli

On the basis of the performed tests (Fig. 3),atwon-
cluded that increasing the moisture content ofdiwesified
onion waste from 17.1 to 24% results in a decrétadbe
energy consumption of the motor driving the pehatl,
recorded during the process of pelleting of shrddaigon
waste, by 22.61% (from 2.61 to 2.02 kW).

The reduction in the energy consumption of théepeiill,
along with the increased moisture content (caugetebintro-
duction of a binder) of the densified mixture, Isoaconfirmed
by results of other research studies [20, 21, 2R, 2

Fig. 4 shows the results of tests of the influeatéhe
moisture content of onion waste on the density alfets
obtained from onion waste in the working systemthod
pellet mill.

The obtained test results (Fig. 4) show that iasirey
the moisture content of onion waste from 17.1 t&o24-
sults in a reduced density of pellets obtained fedmedded
onion waste by 14.85% (from 1280.48 to 1090.28@ky.
Pellets obtained at each of the values of moistargent
are characterized by a high density (over 100GhKy
which indicates their high market value. Such dgnsieets
the requirements of ISO 17225 [13].

Fig. 5 shows the results of tests of the influeatéhe
moisture content of onion waste on the kinetic Hilitst of
pellets obtained from onion waste in the workingteyn of
a pellet mill.
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wilgotnasci zageszczanych odpadoéw cebuli

The obtained test results (Fig. 4) show that iasirey
the moisture content of the densified onion wasienf17.1
to 24% results in a slight decrease in kinetic Hilitg of
pellets obtained from onion waste, by 0.57% (frofrB9 to
97.24%).

Pellets obtained at each of the values of moistore
tent are characterized by a high kinetic durabilibgicat-
ing their high quality.

Fig. 6 shows the view of pellets obtained fromgiféed,
shredded onion waste with a moisture content df49.

Source: own work Zrodio: opracowanie wiasne

Fig. 6. View of pellets from onion skins obtainedaamois-
ture content of 19.1%

Rys. 6. Widok granulatu z tuski cebuli otrzymanegoy
wilgotnasci 19.1%
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The pellets shown in Fig. 6 are characterized bygh
kinetic durability (97.37%), while their surface ssnooth
and shiny. Only on some of the pellets sparse sraak be
seen.

The conducted research of the quality of pelletsnf
shredded onion waste shows that they can be stigtgss
used as a full-value solid fuel, at each of thei@alof mois-
ture content.

5. Conclusions

On the basis of the performed tests, the followdng-
clusions can be formulated:
1. Onion waste is a material characterized by smaltejp-
tibility to densification. During pelleting, a highrocess
temperature is required in order to obtain peliétsatisfac-
tory quality parameters.

2. An increased moisture content in the densified @nio

waste has a significant impact on the course op#iketing
process and the quality of the obtained pellets.
3. Increasing the moisture content of the densifietbron

[9] Eurostat. 2011. Prodcom Annual sold (Nace rev. @9gd-
code 10391330-driedonions, whole cut, sliced, bmo&e in
powder, but not further prepared production qugntit
http://ec.europa.eu/eurostat/web/prodcom/data/datab

[10] Fiszer A.:. Wptyw wilgotnéci stomy i temperatury procesu
brykietowania na jak@ aglomeratu. Journal of Research and
Application in Agriculture Engineering, 2009, V6K(3), 68-70.

[11] Hejft R.: Cinieniowa aglomeracja materiatow slianych.
Biblioteka Problemoéw Eksploatacji. ITE Radom, 2002.

[12] Hejft R., Obidzhski S.: Cénieniowa aglomeracja materiatow
roslinnych — innowacje technologiczno-techniczneg&zl.
Journal of Research and Applications in Agricultugaigi-
neering, 2011, 1, 63-65.

[13]1ISO 17225Fuel specification standards.

[14] Kumider J.: Utylizacji odpadéw przemystu rolno-
spaywczego. Aspekty towaroznawcze i ekologiczne. Wy-
dawnictwo Akademii Ekonomicznej w Poznaniu, 1996.

[15] Moure A., Cruz J. M., Franco D., Dominguez J.M. 8 J.,
Dominguez H.: Natural antioxidants from residualirses.
Food Chemistry, 2001, 72, 1451.

[16] Obidziaski S.: Analysis of usability of potato pulp asidol
fuel. Fuel Processing Technology. Fuel Processiachiiol-
ogy, 201294, 67-74.

waste from 17.1% to 24% resulted in a decreasedygne [17] Obidziaski S.: Pelletization process of postproductiomnpla

consumption of the pellet mill, by approx. 22.6%ofh
2.61 to 2.02 kW), at a simultaneous reduction itiepse
density by approx. 14.8% (from 1280.48 to 1090.8%K)
and a slight reduction in kinetic durability of gt by
approx. 0.5% (from 97.80 to 97.24%).
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mniejsza

Badania zostaly zrealizowane w ramach pracy nr SNM§/2015 i sfinansowane z&odkow na naulg MNiSW.
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