HaykoBi npaui fliciBHuyoi akagemii Hayk Ykpainu, 2017, Bun. 15

ry a0 L“ﬂ.
Az

Hayxogi npami JliciBHr4oi akageMii Hayk Ykpaiau
Proceedings of the Forestry Academy of Sciences of Ukraine

http://fasu.nltu.edu.ua
https://doi.org/10.15421/411716
Article received 2017.09.05
Article accepted 2017.11.15

ISSN 1991-606X print
ISSN 2616-5015 online
@ DA Correspondence author

] Anita Zapalowska
Forestry Academy of Sciences

of Ukraine anise@interia.pl

UDC 504.062.2

Qualitative analysis of pellets produced from
Jerusalem artichoke (Helianthus tuberosus L.)

A. Zapatowska', U. Bashutska?

The development of renewable energy constitutes a crucial role for the future as combustion of the plant biomass
causes reduction of sulfur oxides and nitrogen oxides. The purpose of the work was to determine the basic energetic
and mechanical properties of pellets that were produced from Jerusalem artichoke. The mechanical properties and
combustion behaviour were studied by means of mechanical strength (Zwick / Roell Z010) and thermogravimetric
(TGA) analysis. The suitability of pellets is determined both by their energy value, which is influenced by biomass mois-
ture, and mechanical durability during their transport and storage. The analyses were conducted in the laboratory of
the Department of Bioenergetics and Food Analysis at University of Rzeszow in 2017. The following parameters were
analyzed: calorific value, moisture content, ash content, Carbon (C), Nitrogen (N) and Hydrogen (H). The analyzed
material was characterized by high mechanical resistance levels. Due to the very high energy value 18,85 MJ/kg and
high mechanical durability, both estimated in own studies, it can be stated that Jerusalem artichoke in the form of
produced pellets can be used for heating purposes. When the chemical properties were examined, it was found, that the
product under consideration had environmentally friendly qualities, and did not emit unpleasant odors. Furthermore, it
was mechanically stable, clean, safeand comfortable to use.
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Introduction. Plant biomass is the oldest and most
widely used source of energy. It is an organic matter
from plant and animal origin, which is biodegradable.
These are residues from forestry, municipal and indus-
trial wastes as well as vegetable matter from agricul-
ture crops (Zabtocki, 2013, Azar, Lindgren, & Ander-
son, 2003). Agricultural and forest waste as well as
industrial products are available materials for biofuel
pellet production. Wood pellets are a clean and con-
venient fuel. They are mostly produced from sawdust,
wood chips and wood shavings. The need for searching
new technological solutions using fuels for energy pur-
poses means that the aim is to use both, plant biomass
from extra production from agricultural production,
and intentionally established energy plantations. That
is why the energy plants have been very popular in re-
cent years. One of the main characteristics of energy

plants is their significant increase during the year, high
calorific value as well as high disease resistance and
relatively low soil requirements. Jerusalem artichoke
is an energy plant whose tubers can be used for bio-
gas or ethanol production, and the above-ground parts
for pellets and fuel briquettes (Piskier, 2013, Kacprzak,
Michalska, Romanowska-Duda, & Grzesik, 2012). By
pelletization, raw biomass can be converted into a pel-
let form with improved fuel quality such as increased
bulk density, and uniformed shape and size. Pellets are
usually produced from a variety of residue feedstock, it
can be straw, sawdust, wood (from agricultural and for-
est biomass). The most important parameter of utility
compacted solid biofuels is their mechanical durabil-
ity. A high value of this parameter makes the product
during transport from the producer to the user and the
movement of the fuel to the furnace does not fall apart.
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It must be taken into consideration, that pellets made
from different plant material are subjected to various
types of loads (Niedzidtka, Zak, & Szpryngiel, 2012,
Ferreira, PT., Ferreira, & Teixeira, 2014, Mustelier, Al-
meida, Cavalheiro, & Castro, 2012, Kaliyan, & Morey,
2009). They are mechanically damaged due to both
dynamic and static loads associated with transport, re-
loading or storage (Krzysztofik, & Wrona, 2014). The
mechanical properties and combustion behavior of an-
alyzed material were studied.

Materials and methods. The aim of the study was in
mechanical and energetic analysis of pellets made from
Jerusalem artichoke. The research material (Fig. 1) was
a sample of 1 kg of pellets from which a representative
sample was taken randomly (the number of degrees of
freedom for our experiment was 10). The pellet produc-
tion technology requires a proper fragmentation of the
quality and humidity of the material, as well as the right
proportions of the material. The production of pellets
was carried out using the RAF-AN biomass pelleting
line, where the material fed with a screw conveyor with
a humidifier met the matrix and was pressed through
the holes. The obtained final product in the form of pel-
lets went to the cold store where the excess moisture
evaporated and it was finally hardened. The granulate
was sieved on a sieve with 3,15 mm holes. The mate-
rial for testing static mechanical properties was sifting
while the remaining screening was collected on a blind
sieve and rejected. After determining the geometrical
characteristics of 10 randomly selected pellets such as:
diameter, length and weight, using a caliper with an ac-
curacy of 0,01 mm in accordance with the applicable
PN-EN 16127: 2012 standard, the obtained material
was subjected to the following determinations accord-
ing to the PN-EN 14961 standard to examine selected
quality features such as:

- mechanical strength; Zwick testing systems were
used to determine material characteristics of compos-
ites in specific directions, such as compression, shear-
ing and bending for material; the Zwick / Roell Z010
testing machine was used (Fig.2) in accordance with
PN-EN 15210-1: 2010;

- calorific value, using the LECO® AC500 calorim-
eter according to PN-EN 14918: 2010 in triplicate;

— Carbon content (C), Nitrogen (N) and Hydrogen
(H) using the LECO True-Spec device (CHN module)
(Fig.3) in accordance with the PN-EN 15104: 2011 (U)
standard;

- moisture content, which was determined using the
drying-weight method in the LECO® TGA701 ther-
mogravimetric analyzer in accordance with the PN-EN
14774-3: 2009 standard,

- ash content using the LECO® TGA701,

- Statistica 12 and Excel were used to develop the
results of the research.

The Shapiro-Wilk test was carried out to check the
conformity of the tested parameters with the normal
distribution, independent estimation of variance to de-
termine its homogeneity, the one-way ANOVA test was
used at the confidence level a = 0,05.

< = T{]
Fig. 2. Zwick / Roell Z010, own material

Fig. 3. LECO True-Spec (CHN module), own material

Results and discussion. The following Table 1 and
Table 2 show the results of comparative analyzes of
energy and mechanical properties of pellets made from
above-ground biomass and commonly used pellets
being made of conifers and deciduous trees.

The research was mainly based on analyzing pellets
properties, in which mechanical properties as well as the
moisture content, ash content and calorific value were
focused on. These factors affect the combustion process.
High energy value of pellets made from Jerusalem arti-
choke was estimated at 18,85 MJ / kg in own research.
In studies of many authors, this parameter is valued dif-
ferently, from 12,9 MJ/ kg to 19,1 MJ/ kg (Wroblewska,
Komorowicz, Pawtowski, & Cichy, 2009, Johansson et
al., 2015). If the material has high moisture, it requires
more time to be combusted as it has to be dried first.
The higher the water content, the lower its energy value.
Moisture content, have a leading role in the combustion
process because the energy value of the fuel depends
mostly on it. It affects the amount of the burnable mate-
rial which is directly affecting the cost (value), this leads
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to an additional step prior to the combustion (as the fuel
shall be dried). For comparison, according to the Techni-
cal Specification of fuels from 2010, the average energy
value for coniferous wood is19 MJ / kg, for hardwood
—18 MJ / kg, and much less, about 14 MJ / kg, for straw
(PN-EN 14961-1: 2010). In own studies, the durability
of pellets from Jerusalem artichoke was above 90 % and
was higher than for coniferous and deciduous pellets.
This is confirmed by the PN-EN 15210-1: 2010 standard
determining the mechanical durability of pellets at over
80%. Based on literature, the best results regarding the
mechanical stability of pellets were recorded for pellets
produced with a moisture content of 14 % (Kowalczyk-
Jusko, 2010).

Tab.1

Physical and chemical properties
of Jerusalem artichoke (T) and coniferous
and deciduous pellet (P0)

Properties

of the material T PO
Moisture in the dry state (%) 6,81 £0,01 8,81 £0,01
The calorific value in
the dry state (MJ / kg) 18,85+ 0,02 16,25 +0,02
Coalcontent C (%) 43,00 0,01 45,19+ 0,01
Hydrogencontent H (%) 6,56 £0,01 5,84+ 0,01
Nitrogencontent N (%) 0,69+0,01 0,59+0,01
Ash (%) 2,04 £0,03* 1,83+0,03
* — x + Sd, x — mean, Sd — standard deviation
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Fig. 4. Relation of the average value of destructive force
F . [N] on the type of pellet (PO and T), a, b — statistically
significant differences between the analyzed pellet variants

separately for each of the analyzed parameters

In our own research, the moisture content of Jerusalem
artichoke pellets was estimated at 6,81 %. In comparison,
Salix viminalis, which is the most popular energy plant,
contains about 6 % moisture. Our research confirms, that
Jerusalem artichoke is an unusually valuable energy plant,
whose calorific value and the moisture content is compa-
rable with other energy raw materials. The mechanical
strength of the pellets is affected by many factors, includ-
ing compression force and temperature, particle size, and
chemical composition of biomass feedstock.

Conclusions. There was noted a higher moisture in
the dry state for coniferous and deciduous pellets(P0)
8,81 %, lower for Jerusalem artichoke epellet (T) 6,81 %.
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Fig. 5. Relation of maximum strain Lmax [mm] on the type
of pellet (PO 1 T), a, b — statistically significant differences
between the analyzed pellet variants separately
for each of the analyzed
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Fig. 6. Relation of the average maximum energy W [J] on
the type of pellet (PO and T), needed to destroy sample, a,
b — statistically significant differences between the analyzed
pellet variants separately for each of the analyzed
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Fig. 7. Relation of average breaking stress 6 [MPa] to the
type of pellet (PO and T), a, b — statistically significant
differences between the analyzed pellet variants separately
for each of the analyzed

Average breaking stress [MPa]

The higher energetic value was noted for Jerusalem
artichoke (T) 18,85 MJ / kg. For coniferous and de-
ciduous pellets (P0) it was 16,25 MJ/kg.

Elemental analysis showed that pellets from Jeru-
salem artichoke (T) had a lower Carbon (C) content
of 43,0 %, higher Hydrogen content (H) of 6,56 % and
Nitrogen (N) of 0,69 % compared to coniferous and de-
ciduous pellets (PO) for which the content of the above
mentioned elements were respectively: 45,19% C,
5,84% H, 0,59 % N.
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Tab.2.
Geometric features for Jerusalem artichoke (T) and coniferous and deciduous pellet (P0)
T PO

Diameter (mm) Length (mm) Weight (g) Diameter (mm) Length (mm) Weight (g)
6,00 6,46 2,04 6,00 6,59 2,04
6,00 6,24 2,02 6,00 6,63 2,05
6,00 6,73 2,04 6,00 6,64 2,06
6,00 6,64 2,04 6,00 6,56 2,04
6,00 6,28 2,02 6,00 6,59 2,04
6,00 6,79 2,04 6,00 6,61 2,04
6,00 6,59 2,04 6,00 6,63 2,05
6,00 6,16 2,01 6,00 6,64 2,06
6,00 6,46 2,02 6,00 6,62 2,05
6,00 6,67 2,04 6,00 6,71 2,07

6,00+0,00* 6,50 + 0,21 2,03+0,01 6,00+ 0,00 6,62+0,37 2,05 £0,01

* — the markings see table 1

It was found that the higher ash content is char-
acterized for Jerusalem artichoke pellets (T) 2,04 %,
slightly lower for coniferous and deciduous pellets
(P0) 1,83 %;

The diameter of obtained pellets was the same for
both Jerusalem artichoke pellet (T) and coniferous and
deciduous pellets (P0) and was 6,0 mm.

The average weight of produced pellets was slightly
different: 2,03 g for Jerusalem artichoke pellets (T) and
2,05 g for coniferous and deciduous pellets (P0);

The highest resistance to crushing [F ] was noted
for Jerusalem artichoke pellet (T) 1024,57 [N] the small-
est for coniferous and deciduous pellets (P0) 506,3 [N].

The average values of maximum pellet deformation
up to the moment of crushing [L 1 were in the range
of 0,79 mm for coniferous and deciduous pellets (P0)
to 1,01 mm for Jerusalem artichoke pellet (TO).

The lowest average value of energy needed to crush
pellets [W to F_ ] was recorded for coniferous and de-
ciduous pellets (PO) 217,30 [J], and the highest Jerusa-
lem artichoke pellet (T) 478 ,52 7.

The average value of the stress destroying the pel-
let structure 6 [M Pa] ranged from 25,80 [M Pa] for
coniferous and deciduous pellets (P0) to 52,20 [M Pa]
for Jerusalem artichoke pellet (T).

Due to the very high energy value estimated in own
studies of 18,85 MJ/ kg and high mechanical strength,
it can be stated that Jerusalem artichoke (T) in the form
of produced pellets can be successfully used for energy
purposes. It is an environmentally friendly fuel that
does not does not have significant emissions of nitro-
gen oxides and sulfur dioxide. The pellets do not emit
unpleasant odors, they are cheap and ecological.
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AKicHMA aHani3 rpaHyn, OTPpUMaHUX 3
€PYCaNNMCbKOro apTULLOKY
(Helianthus tuberosus L.)

A. 3ananoscbka', Y. bawyubka?

Po3BuToK BiAHOBIIOBaHOI e€HEPTii € BUPIMIAIEHUM
UIsT MaOyTHBOTO, OCKUTBKH CIAJTIOBaHHA OioMacu
POCTTHH CyTPOBOUKY€THCS SMCHIICHHSM BHKHLY OKCH-
JiB CIPKH Ta OKCHJIB a30Ty. MeTa poOOTH Tonsrana y
BHU3HAYCHHI OCHOBHUX E€HEPreTUYHUX Ta MEXaHIYHUX
BJIaCTHUBOCTEH IPaHyll, BUTOTOBJICHHUX 3 EPYCATUMCHKO-
ro apTUIIOKY. MeXxaHiuHI BIaCTUBOCTI Ta 0COOIMBOCTI
3TOPSIHHSI BUBUEHO 32 JOIIOMOIOI0 BU3HAYECHHS MeXa-
HiYHO{ MIIHOCTI (Zwick / Roell Z010) Ta Tepmorpa-
BiMeTpuuHoro anHamizy (TTA). HpI/II[aTHICTI) TpaHyI
BH3HAYA€ThCA SIK IXHBOK CHEPIeTHYHOIO ILIHHICTIO,
Ha SIKy BIUTUBA€E BOJIOTiCTh OiOMacH, Tak 1 MEXaHIYHOIO
JIOBrOBIYHICTIO TIiJT 9ac iX TpaHCIIOPTyBaHHs Ta 30epi-
ra"Hsg. AHalli3u BUKOHAHO B Jlaboparopii kadenpu 6io-
CHEePreTHKH Ta aHalli3y Xap4oBHX MponykTiB JKemris-
cekoro yHiBepcurety B 2017 porti. [IpoanamizoBani ma-
paMeTpu: TeIUIOTBipHA 31aTHICTh, BMICT BOJIOTH, BMICT
30JTH, BYTJIEIIO (C) aszory (N) ta Bomuto (H). Hocumi-
JUKYBaHHIi MaTepiall XapaKTepu3yBaBCsi BUCOKMMH Me-
XaHIYHUMH piBHSAMH onlopy. BcTaHOBNEHI ekcriepuMeH-
TaJIbHO BUCOKA CHEpreTHyHa IiHHICTh — 18,85 M/[x/kr
Ta MeXaHIYHa MIIHICTh, JAOTh MIJICTaBy CTBEPIKYyBa-
TH, 1[0 €PYCATUMCHKHN apTHUILOK Y (hOpMi BUTOTOBIIE-
HUX TpaHyll MOXHa BUKOPHCTOBYBATU JJIsl OTIaJICHHSI.
JlocaimKkeHHAM XIMIYHUX BIIACTHBOCTEH BCTAHOBIICHO,
10 LIeH TIPOLYKT € EKOJIOTiYHO YucTUM — Bukuau CO,
MiJ] 9ac CHaJIFOBaHHS JOPiBHIOIOTH CyMi CO,, mro no-
IIMHAE POCIMHA Mix 4ac ii pocTy, Mo Oo3Havae, Mo B
atMoc(epy HE BUKMIAETHCS 10aTKoBa KinbKicTh CO,,
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a TaKoX He BUAUISIOTHCS HEPUEMHI 3amaxu. | panynn
Oynu MexXaHIYHO CTa0iTPHUMU, YUCTUMH, OE3IIETHUMHU
1 3py4HUMH y BUKOPHUCTAHHI.

KurouoBi ciioBa: 6iomaca, TpaHyiiv, MeXaHIgHA Mill-
HICTb, €HEpreTUYHA I[IHHICTh, EPYCAITUMCHKIIA apTUIIIOK

KauecTBeHHbI aHaNn3 rpaHy, NONy4eHHbIX
M3 NepycannmcKoro apTmiliokKa
(Helianthus tuberosus L.)

A.3ananoBcka', Y. bawyukasn?

PasButne BO30OHOBISIEMON 3HEPTHM SBISETCA pe-
IIAIONIUM TS OYIYIIEro, MOCKOJNBKY COKUTaHue Ouo-
MAacchl pacTeHHUIl COMPOBOXKIAETCS YMEHBIIEHHEM BBI-
Opoca OKCHJIOB Cepbl U OKCHUIOB a30Ta. Llenb paboTs 3a-
KJTIOYaJIach B ONPEICICHMH OCHOBHBIX SHEPIreTUYCCKUX
1 MEXaHWYECKUX CBOMCTB IpaHy, U3TOTOBICHHBIX M3
MEPyCaATTMMCKOTO apTullioka. MexaHMYecKue CBOMCTBa
U 0COOCHHOCTH CTOpaHHs MU3YYCHBI C MIOMOIIBIO OIpe-
nereHusl MexaHmdeckod mpounoctu (Zwick / Roell
Z010) u TtepmorpaBumerpuueckoro anamuza (TTA).
[TpuromHOCTh TpaHy/l ONMPENENIeTCs KaK UX SHEPreTH-
YECKOM IIeHHOCTBIO, Ha KOTOPYH0 BIHSET BIAXKHOCTH
0MOMacChl, TaK U MEXaHUYECKOH JIOJITOBEYHOCTHIO NIPU
UX TPAHCIOPTUPOBKE M XPAHCHUU. AHAIHM3bI BHITIOIHE-
HBI B JJaOopaTopun Kadeapsl OMOIHEPTETUKH U aHAIH-
3a MUIICBBIX MPOAYKTOB JKEIIOBCKOTO YHUBEPCUTETA
B 2017 roxy. Ilpoananu3upoBaHbl MapaMeTphl: TEIIO-
TBOpHAs CIIOCOOHOCTh, COJEpKAHUE BIIATH, COIEpIKa-
uue 3o0me1, yrepoaa (C), azora (N) u Bomopoma (H).
Uccnenyemplii MaTepuall XapaKTepU30BaJICS BBICOKH-
MU MEXaHHYECKUMHU YPOBHIMH CONPOTHBIICHUS. YCTa-
HOBJICHHBIC JKCIICPUMEHTAJILHO BBICOKHE IMOKa3aTelln
SHEpreTHYeCcKor rmeHnocTr — 18,85 MJK/Kr 1 MeXaHu-
YECKOM MPOYHOCTH, MTO3BOJISIFOT YTBEPHKAATh, YTO UEPY-
CaJIMMCKUN apTUIIOK B (hOPME M3TOTOBJICHHBIX I'PaHyl
MOYXHO HCITONIB30BaTh IS OTOTUIeHus . ccienoBanneM
XMUMUYECKUX CBOMCTB YCTAHOBJICHO, YTO JAHHBIN MPO-
IYKT SBISETCS SKOJIOTHIECKH YHUCTBIM — BBIOpOCH CO,
npu cxuranuu pasHel cymme CO,, KoTopas moriomia-
€TCsl pacTeHHEM BO BpeMs POCTa, YTO O3HAYAET, U4TO B
arMoc(epy He BBIOpachIBAeTCS JOMOTHUTEIIEHOE KOJIH-
gectBO CO,, a TaKXKE HE BBIIETISIOTCS HENPUATHBIE 3a-
naxu. ['panyiel ObITH MEXaHHYECKH CTAOMITBHBIME, YH-
CTBHIMU, O€30IIACHBIMH U YIOOHBIMHU B HCIIOJIb30BAHUY.

KaroueBbie cioBa: 6uomacca, TpaHyJibl, MEXaHH-
4YecKasi MMPOYHOCTh, SHEPTreTHUECKasi [IEHHOCTh, Uepy-
CaJIMMCKHI apTUIIIOK
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