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USING MISCANTHUS RAW MATERIAL FOR SOLID BIOFUEL PRO DUCTION

Nowadays, the most relevant issue for Ukraine éssbarch for non-traditional renewable energy
sources, among which energy crops deserve spetdaitian, as they are the main carbon dioxide
absorbent and provide high yields of biomass, wiuohld be used for energy purposes, for biofuel
production. Energy crops are plants that are siheaialtivated to be used as a fuel or for biofuel
production. Plant by-products (straw, sunflowerks,ugorn stalks, etc.) and specially cultivatechida-
miscanthus, switchgrass (thatch grass), willow, goylar — can be the sources of energy feedstock.

The tendency of rising prices of traditional fugiges impetus to the use of solid fuel combustion
appliances burning biomass not only in the prissetor, but also in the municipal heat supply faed.
When choosing the type of solid biomass, its vaduel availability in the region as well as the
technologies and equipment for its combustion shbaltaken into account.

This paper represents the experimental findingris€anthus filtration drying. The main technical
characteristics (bulk density, porosity, equivaldi@meter) of chipped miscanthus are provided. The
dependence of the drying rate of chipped miscanthuss moisture content is shown. The dependehce o
filtration drying on the technological parametefdieat agent and material layer height is analyZée.
authors show that the filtration drying rate during saturation of the heat agent with moistur@mar
does not depend on the height of chipped miscariyes.

Key words: dynamics, miscanthus, rate of filtration dryingt®nary layer.

Problem statement.The development and use of renewable energy sguircgarticular plants
biomass, is essential in reducing Ukraine’s enatggendence [3]. In recent decades, the increasing
demand for renewable energy has led to the incdeaserest in energy crops. Ukraine has great piaden
of available biomass and good preconditions fomexling its use in fuel production [3].

At presentMiscanthus giganteusiomass production ranks fourth in the world inre of biomass
production. Its share in the total primary energgdoction reaches 10% [3]. In the production of
biofuels, perennial crops have significant advaesagver traditional ones: high biomass productjvity
positive energy balance, unpretentious soil, drougbistance. Therefore, these plants can be ginown
low-yielding soils unsuitable for the cultivatioh f@od crops [4]. The authors [3] found tHdtscanthus
giganteus L., Silphium perfoliatumL., Polygonum sachalinensé., Polygonum wyrichiiL., Sida
hermaphroditalL., Helianthus tuberosus., andHelianthus annuud.. are the most productive among
perennial crops.

Agastache foeniculum. andHyssopus officinalis., which are oil crops, are the least productive.
In particular, Miscanthus giganteus. provides 12.0 t/ha of dry weight, 210 GJ/ha ahd t/ha of
conventional fuel. In recent yealdjscanthus giganteusas been cultivated in Ukraine with the aim of
investigating the possibility of its industrial use biofuel production [4]. It is known thd#fliscanthus
giganteuss the most productive and energy-efficient in tia¢ural conditions of Ukraine. It can be used
in many different ways: as an alternative energya®, as a building material, in animal husbanésy,
bedding and animal feedstuff, etc.

Energy analysis of the main stages of biofuel petida allows identifying the main areas that
affect energy efficiency and production cost. Thardrying is the most energy-intensive proces$ia t
production of biofuels. About 90% of thermal eneigyspent on moisture evaporation. On average, this
process consumes 12—-20% of the biofuel productyoexiat the enterprise [5].

Biomass is by far the fourth largest fuel resourcehe world and produces about 1.25 million
tonnes of fuel per year, which accounts for 15%lbprimary energy, and in some countries thisrigu
exceeds 30%. According to the program “Energy 8tiabf Ukraine for the Period until 2030”, biomass
share in the fuel and energy system is estimat@dBét (6.3 million tonnes) in 2020 [6]. As an olijet
drying, solid biofuel has a complex natural struetdue to its primary origin, physical conditior¢.e
Therefore, it is necessary to consider these faatothe process of convective drying that is masely
used for biomass processing (mainly up to 70%glyum- and conveyor-type dryers [6].
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As the crop is unpretentious to soil conditionss itecommended to grow miscanthus in marginal
or unproductive lands. There are from 3 to 5 millfectares of such lands in Ukraine, which haveabee
removed from cultivation due to their low fertiljtpusceptibility to erosion processes, etc. Growing
perennial crops in these lands for biofuel productwill protect the humus layer from erosion and
improve the country’s environmental and energyasitun.

Miscanthus should be fertilized about every 5 ydargmprove its growth processes during the
growing season.

Miscanthus yield in Ukraine depends directly on ¢hmatic and soil conditions of its cultivation.

It is best suited for medium-density soils. Dught® branched root system, it can be grown in saody.
Miscanthus is well-adapted to unfavorable growingdstions, in particular to the high content oftsah
the soil. Another amazing property of the planthat Miscanthus giganteusan absorb heavy metals
from the soll.

Literature review. Miscanthus giganteusas been known for a long time on three continerits
Asia, Africa and Australia. It appeared in Europetie early 1900s and gained popularity only aurgnt
ago when energy dependence became a very sergBues it that time, the plant was recognized as a
revolutionary crop in agriculture, as a biofueldstck and raw material for energy production byanse
of direct combustion. At presertliscanthus giganteus grown and processed for sale in the form of
pellets or briquettes in many European countriesstda, Denmark, France, Germany, Hungary, Poland,
Sweden, United Kingdom and others. Moreover, thévation area of this crop is constantly incregsin

Experts from the National Bioenergy Union, who hatwediedMiscanthus giganteysay that if
10% of Europe’s fields are planted with this worfidleplant, up to 91% of electricity can be saveg. B
the way, the EU’'s Common Agricultural Policy obligine farmers owning more than 15 hectares of land
to allocate at least 5% of the area — buffer strigadscape areas, arable land and others — to grow
perennial energy crops without using pesticidescnical fertilizers or with their minimum use.

In Ukraine, this plant is not grown on a largelscanly its small cultivation areas appear from
time to time in some regions. Thus, in 2007, aneerment on miscanthus cultivation began in Zhytomyr
and Kharkiv oblasts.

Miscanthus giganteus propagated by the so-called rhizome, a path@funderground stem that
contains the buds and can be used for vegetatiygagation by division. This is one of the most time
consuming parts in miscanthus cultivation technpldiypically, rhizomes are taken from one- or two-
year-old miscanthus plants. The clumps of miscantme usually dug in spring. During wintering, the
clumps of miscanthus can be damaged by low tempeatSuch rhizomes are not suitable for planting.
In the Ukrainian climate, miscanthus begins to spio April, when the soil temperature reaches.10 .
12°C at a depth of 10 cm, and stops growing withdhset of frosts in October—November. Late spring
frosts are dangerous to plants, as they causessHginlg and reduce the total crop growing peridie T
plant is the most vulnerable during the first wiittg — in the first year of planting rhizomes. Unde
favorable natural conditions, the perennial miscastcan reach the height of up to 4 m or more taed
diameter of the stems reaches 2 cm.

In the Ukrainian realitiedyliscanthus giganteugrows quite well and can withstand frosts up to —
25°C with sufficient snow cover. Sindegliscanthus giganteus a perennial crop that can grow in one
place for up to 20-25 years, soil preparation alahting rhizomes are among the most important
elements in its growing process.

During the growing season, miscanthus requires taBd0 mm of precipitation. Its demand for
water is much higher than the average annual ptatbgn in Ukraine. Such extensive needs for water
despite its low consumption (about 250 I) for pradg 1 kg of dry weight can be explained by a large
biomass yield per unit area.

The authors [6] discovered that the method of glanaste heat recovery (recirculation) was better
and more efficient (by 18-26%). In the recirculatdryer, the amount of circulating air increasedLt8+
1.9 times.

In the article [7], the drying process of strawfbi was investigated. It was established that when
making briquettes from straw with high moisture teon it was advisable to dry them in two stages. At
the first stage, fuel briquettes were dried witm@spheric air, at the second — the air after ttst $tage
was heated by a heater, which provided more effideying.

In the work [8] the kinetics of drying chips as aw material for producing fuel briquettes was
investigated. The optimum drying temperatures efrtfaterial with different fractional composition nee
obtained, the dependence of the raw material meista drying time and the influence of fractional
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composition on the drying process were studied. ditsgacteristics of the drying equipment, optineal f
the production technology of fuel briquettes, westablished.

Methods and materials.The purpose of this paper is a theoretical and raxeatal study of the
filtration drying dynamics of chipped miscanthudjigh is a perennial rhizome plant used to produce
solid biofuels.

To assess the basic parameters of the studiediahatiee main technical characteristics of chipped
miscanthus are shown in Table 1.

Table 1
Main technical characteristics of chippedViiscanthus giganteus L.
p, kg/m’ per, kg/NT &p, M/mM’ d,10°m a, m/m’
122.23 562 73.75 4.18 705

The bulk density ) of chipped miscanthus was determined accordinipe¢ostandard procedure
provided by GOST 10840, the total porosity of theeistigated materialss,j was defined by the
picnometer method. The equivalent diameter of tiennels @), through which the heat agent is filtered,
was determined by the dependence:

a 1)
where a is the specific surface area of the chipped miszenlayer determined by the PMC-500 device
according to the method described in [8].

Drying kinetics describes the change in the mdtsrmoisture over time depending on the dried
material properties and determines the drying tand energy consumption. Therefore, experimental
studies of the filtration drying kinetics of chigpeniscanthus were performed according to the method
described in the articles [8-10].

Results and discussionFigure 1 shows the dependence of the dryingafathipped miscanthus
on its moisture content. Poihtcorresponds to the end of the full saturationquedf the heat agent with
moisture vapour, i.e. mass transfer front of thdgpated plate and transition from the filtratioryitg
process to the partial saturation of the heat agent
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Fig 1. Filtration drying rate of chipped miscanthusat different filtration rates of the heat agent
(H=60mm,t=60°C),1 & =0.68ms;2—w=1.14m/s; 3 -w=1.6 m/s; 4-w =2.05m/s

Due to the fact that the filtration rate of the thagent varies fromg = 0.68 m/s taw, = 2.05 m/s,
the drying rate increases from Oyet= 0.00210° (kg H,O/kg dry.m)/s to d/dt = 0.004710° (kg
H,O/kg dry.m)/s, which is explained by the increaseéhéat and mass transfer coefficients. This also
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applies to Figure 2 in the case when the heat agemgerature rises and, as a consequence, thegdryin
potential of the heat agent rises, which leadkéadrying rate increase.

The analysis of Figure 2 shows that the drying rateeases when the layer height decreases. This
is explained by the fact that the moisture contrdange of the layer was determined by the weight
method based on the dry material weight.
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Fig 2. Filtration drying rate of chipped miscanthusat different heat agent temperatures
(H=60 mmw,=16m/s),1-t=40°C;2-t=60°C; 3—-t=8D°

It is evident that as the height increases, thestu@ content in the layer and the mass of dry
material increase too. In Figure 3, the drying rhteng full saturation of the heat agent is thghleist for
the smallest layer height.
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Fig 3. Filtration drying rate of chipped miscanthusat different layer heights(w,= 1,6 m/s, t = 60C)

However, as shown above (Fig. 2), the drying rateng full saturation of the heat agent with
moisture vapour does not depend on the layer heighith can be explained by the stability of drying
potential at the same temperature and filtratioe o the heat agent (the amount of moisture rechpes
unit of time is a constant).

Conclusions. The dynamics of filtration drying of chipped mistams was investigated. The
existence of two stages in the filtration dryingcbipped miscanthus was substantiated. The depeeaden
of filtration drying on the technological parametef heat agent (drying potential) and the matéaigtr
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height were analyzed. It was proved that the fittradrying rate does not depend on the matenarla
height during full saturation of the heat agentwritoisture vapour.

References

1 Suchasnyi stan ta perspektyvy rozvytku bioenerhetyk Ukraini / [Heletukha H.H.,
Zheliezna T.A., Kucheruk P.P., Oliinyk Ye.M.] // Alitychna zapyska BAW®e9. — Bioenerhetychna
asotsiatsiia Ukrainy, 2014. — 32 s. — Rezhym dastuytp://uabio.org/img/files/docs/position-paper-
uabio-9-ua.pdf

2 Enerhetychni roslyny yak alternatyva tradytsiinynydam palyva / [Khivrych O. B.,
Kvak V. M., Kaskiv V. V. ta in.] // Ahrobiolohiia= 2011. — Vyp. 6. — S. 153-157.

3 Roik M.V. Perspektyvy vyroshchuvannia enerhetychmerby dlia vyrobnytstva tverdoho
biopalyva / Roik M.V., Humentyk M. Ya., Mamaisur V. // Bioenerhetyka. — 2013.\e 2. — S. 18-19.

4 |vakhiv V. Enerhetychna verba yak rishennia dlialyikia mist Ukrainy [Elektronnyi resurs] /
V. Ivakhiv / — Rezhym dostupu: http://ua- energyg/post/27476.

5 Kurhak V. H. Enerhetychna tsinnist bahatorichnykdvianykh fitotsenoziv / V. H. Kurhak,
H. V. Yefremova, Yu. V. Leshchenko, A. M. TkachenkoZbirnyk naukovykh prats Natsionalnoho
naukovoho tsentru "Instytut zemlerobstva NAAN"0413. - Vyp. 2. - S. 164-173.

6 Stefanovska T. R. Struktura entomokompleksu misianhihantskoho Miscanthus Giganteus
[Elektronnyi resurs] / T. R. Stefanovska // "Naukabpovidi NUBIP Ukrainy". — 2012. — Rezhym
dostupu do resursu: http://nd.nubip.edu.ua/2012s#/pdf.

7 Sniezhkin Yu. F. Enerhetychnyi analiz tekhnolohiyrabnytstva tverdoho biopalyva /
Yu. F. Sniezhkin, D. M. Korinchuk, M. M. Bezhin, M. Stepchuk // Naukovi pratsi [Odeskoi
natsionalnoi akademii kharchovykh tekhnolohiy].012. — Vyp. 45(3). — S. 187-190.

8 Dubrovin V. Metody ta rezultaty teoretychnykh ddsghien sushinnia syrovyny dlia tverdykh
biopalyv / V. Dubrovin, O. Yeremenko, S. VyhovskM, Dakhno // Tekhniko-tekhnolohichni aspekty
rozvytku ta vyprobuvannia novoi tekhniky i tekhnieiadlia silskoho hospodarstva Ukrainy. — 2013. —
Vyp. 17(2). — S. 255-266. — Rezhym dostupu: httpuk.gov.ua/UJRN/Ttar_2013_17%282%29 35

9 Semirnenko Yu. I. Udoskonalennia protsesu sushkyyvpgkh bryketiv iz solomy /
Yu. I. Semirnenko // Visnyk Sumskoho natsionalnalhoarnoho universytetu. Seriia : Mekhanizatsiia ta
avtomatyzatsiia vyrobnychykh protsesiv. — 2015. ypV1l. — S. 72-75. — Rezhym dostupu:
http://nbuv.gov.ua/UJRN/Vsna_mekh_2015 11 17

10 Issledovanie kinetiki sushki opilok i struzhki mténsivnom rezhime / 1. A. Telnov [i dr.] //
Vestnik Nats. tekhn. un-ta "KhPI" : sb. nauch. Temat. vyp. : Innovatsionnye issledovaniya v
nauchnykh rabotakh studentov. — Kharkov : NTU "KhRI2012. Ne 10. — S. 139-144.

11Atamaniuk V.M. Kinetyka filtratsiinoho sushinnia laku teplovykh elektrostantsii [Tekst] /
V.M. Atamaniuk, I.R. Barna // Zbirnyk naukovykh pgaONAKhT. — Odesa. — 2012, — T.2, Vyp.41, —
S. 89-93.

12 Mosiuk M. I. Hidrodynamika i teplomasoobmin pid ehasushinnia podribnenoi
“enerhetychnoi” verby v statsionarnomu shari [Tgk#tvtoref. dys...kand. tekhn. nauk: 05.17.08. /
M. I. Mosiuk; [NU Lvivska politekhnika]. — Lviv, 2D2. — 22 s.

M. I. Mocwk, 0. /]. Muxainwk, JI. B. Ilnakciii

leano-Dpankiecokuii HAYiOHANLHUN MEXHIYHULL
VHi8epcumem Hagmu i 2azy

BUKOPUCTAHHS POCJTUHHOI CHPOBUHU MICKAHTYCA JIJIS
BUPOBHUIITBA TBEPJOI'O BIOITAJIMBA

HaitakryanpHimmM chorofHi s YKpaiHU € TOIIYK HEeTPaguUiiHUX BiIHOBIIOBAIBHUX JXKepel
eHeprii, cepem SKUX HAa OCOONHMBY yBary 3aciIyroBYIOTh CHEPICTHYHI POCIHHH, SKi € TOJOBHUM
abcopOEeHTOM BYTJIEKHCIIOTO ra3y, YTBOPIOIOTH BUCOKI Bposkai OioMacH, Ky MOXHa 0yJ0 O BUKOPHCTATH
Ha €HEePTreTUYHI ITiJIi 1)1 BUpOOHHITBA OiomanuBa. EHEpreTHYHI KyJIbTYPH — II€ POCTHHH, SIKI CIICIIaTbHO
BUPOLIYIOTHCS ISl BUKOPHCTAHHS O€3MOCepenHbO SK MalIuBO abo Juisi BUpoOHHMITBAa OiomanuBa [1].
JxepenmoM eHepreTHYHOi CHUPOBHHU MOXYTh OYTH SK IMOOIYHI TPOIYKTH POCIUHHOTO IMOXOIKCHHS
(conoma, COHSIIIHMKOBE JIYIINHUHHSA, cTeOa KYKypyA3H TOIIO), TaK 1 CHeNiaibHO MPU3HAYCHI IS 1[OTO
POCIIMHU — MICKaHTYC, CBITYrpac (11o3onomioHe mpoco), Bepda, Tonoss [2].
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TenpeHuis 370pOXKYaHHSA TPAaJULIHHMX BHAIB TMajdWBa Ja€ IIOMITOBX JO BHUKOPHCTAHHSI
TBEpIONAIMBHUX KOTJiB Ha Oiomaci He TUIBKM Yy MNpPHUBAaTHOMY CEKTOpi, aje 1 B KOMYHaJIbHOMY
Teronocrayaodomy rocmonpapetsi. [Ipu BubOopi gopmu TBepmoi Giomacu HOTpiOHO BpaxoByBaTH ii
BapTICTh Ta JOCTYIHICTH B PETiOHI, a TaKOX BiJ TEXHIYHO IOCTYITHI PIIICHHS Ta OOJaJHAHHS IS ii
CHaJIIOBaHH.

Y mifi  crarTi  OpencTaBiICHO  PE3yJbTAaTH  CKCIEPUMEHTAIBHHMX  JTOCHIDKEHb JIHHAMIKH
¢inpTpanifHOro CcymriHHA NOApiOHEHOro MicKaHTyca. HaBeZeHO OCHOBHI TEXHIUHI XapaKTEPHCTHUKH
(HacumHA TyCTHMHA, IOPHCTICTh, €KBIBaJIEHTHHMI iameTp) mmoapiOHeHOro MickaHTyca. IlokaszaHa
3aJIeKHICTh MIBUKOCTI CYIIiHHS OAPIOHEHOT0 MiCKaHTYyca 3aJIe)KHO BiJl il BOJIOTOCTI Ta MPOaHaIi30BaHO
3aJIeKHICTD (QUIBTPALIfHOTO CYIIiHHS BiJ TEXHOJOTTYHUX MMAapaMeTpiB TEIUIOBOTO areHTY 1 BUCOTH IIapy
Marepiany. Ilokazano, o MBUAKICTE QUIBTPAIIHHOTO CYIIIHHS B IEPioj] IOBHOTO HACHUCHHS TEIIJIOBOTO
areHTa mapamu BOJIOTH HE 3aJISKUTh BiJl BUCOTH ILIapy MOAPiOHEHOTo MiCKaHTYyca.

Kurwo4osi ciioBa: nruHaMiKa, MiCKaHTYC, ITBUAKICTh (PUIBTPAIiHHOTO CYIITiHHS, CTAIlIOHAPHUHN TIIap.
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