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Assessment of bioenergy potential of rice varieties showed that by-products
(straw and husk) of Vikont and Premium demonstrate the highest values of energy
output; these varieties were studied to establish how the agronomic factors affect the
formation of rice productivity with the final products meant for food and straw and
husk being a source of bioenergy plant material as a solid biofuel. In field
experiments the biggest yields of rice were obtained under applied mineral fertilizers
N1g0PeoKo With seeding rate of 9 million of similar seeds per hectare for Vikont and
Premium varieties at the levels of 9 and 8 t/ha, respectively. Thus, the optimal
combination of rice farming techniques leads to high yields of the crop, and at the
same time, to significant amounts of by-products suitable for further use.

The results of the study showed that rice straw should be used as a source of
alternative energy, ricegrowing regions of Ukraine could get heat energy equivalent
to the amount released during combustion of 62 million m® of gas. The economic
effect of the transition from gas heat generators to the biomass heat generators leads
to annual cost cutout of USD 192.3 thousand, and the payback period is 1.14 year.
An additional source of alternative energy is the rice husk; the payback of launching
arice husk briquetting lineis 1.6 year.
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Introduction. Energy deficit is a daunting challenge recenthyethby humanity
which urges scientists to actively search for dfecalternatives of conventional
energy sources. One of the most promising ways lhioing energy is its
accumulating by biomass. The effectiveness of pripdualternative biological fuels
Is determined by rational selection of plants typesl how intensively the plants
form biomass of the necessary chemical compositibh Considering the
dependence on gas imports, which price has triplgl the past five years for
Ukraine, it's necessary to search for alternativergy sources and implement strong
energy policy and energy saving. A number of progrand regulations developed
and adopted in this country aim to search for adteve energy sources and
introducing energy intensive technologies underBhergy Strategy of Ukraine till
2030. Currently, the country imports 60 % of energyd by 2030 this dependence
should be reduced to 11 % [2].

Farm production in Ukraine has significant potdnbfibiomass available for
producing energy. Its main components are the gnergps and agricultural
residues. Among the latter, the greatest energynpiat is offered by the residues of
sunflower production (stalks, husks), somewhat deby residues of buckwheat and
rice production.

Improving farm power sources cannot be achievedhowit raising the
efficiency of use and involving in the energy bakrof local fuels, biomass, plants
residues and alternative energy sources. The neausfof energy saving in farm
production is the development of resource savin@irtelogies. Recently, the farm
sector of Ukraine has been showing a growing istarewaste-free production based
on the principle of complete utilization of raw reasls, more specifically, residues.

Food industry technological processes commonlydd@avy tonnage wastes
with their larger part derived from processing odig being secondary raw materials
that can be a source of a large number of prodantswhat is more, they would not
require involving new sources of raw materials. ld@e@r, the current extent of using
secondary raw materials remains low in this coyrdgry of the whole range of grain

processing industry, the companies producing ceresd this type of resources in the
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least degree, although the renewable farm wasteddsbhe approached as promising
stock of materials useful for people.

An integral part of the rice grain is the husk whis separated from the grain
during processing. In the weight part, the portobmusk makes 15-20 % of the total
mass of rice grain [4]. Since the destruction oérhusk is a very long process, the
plowing it into the soil for its remediation doestrsolve the problem of recovery; the
same situation is with using of this by-product padding flooded areas. Thus, we
observe the annual growth of a large amount of ald&l energetic plant raw
materials, which have not yet found an effectivpli@ation [5].

Similar to other countries, Ukraine faces a preggmblem of recycling of
crop residues after harvesting grain crops. Thelgish method — burning straw — is
the mostly wide spread. Obviously, the simplesthoéd$s do not always mean the
most efficient ones; also, the burning of crop deses irreparably harms the
biodiversity of ecosystems thus contributing to ¢leelogical imbalance under global
environmental changes [3].

The major part of the rice straw is burnt, althottigh recommended to be used
as feed, fertilizers, building materials. In othmuntries, the rice straw is quite
popular for crafting a variety of woven productdaskets, hats, sandals, mats and
even bags. For this purpose, the straw of ricarglus breeds is preferred, since it is
thinner and stronger than the straw of usual Vaget

Considering the quite long list of ways to useltlggoroduct of rice cultivation,
the problem of wastes recycling should not ariseywéver, due to a number of
reasons stemmed from economic and social factarst of them find no practical
application. Most producers are not even awardefpossibility to use straw, husk
and bran as raw materials for industry. But thedamental reason is the lack of
technology package that would consider the localdimns; at the same time, a
fairly large volume of information on many manufa@btg processes is easily
accessible; also, development of technological matars of production requires

relatively small amount of data.
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Material and methods. To establish the influence of the main agronomic
cultivation techniques of modern rice varietiesthe South of Ukraine on the
gualitative characteristics of grain and raw mailerifor biofuels, the field
experiments were conducted in 2010-2013 in thedief Rice Research Institute at
Krasnoznam'yanska irrigation system area. The @xpeat crop management
practices met the recommendations of Rice Reséastitute, the land treatment and
mechanization rate were typical for rice farmsha South of Ukraine except for the
factors of interest. The soil at test plots was do@achestnut, moderately loamy,
residual alkaline. The top soil contained humus’ 22 lightly hydrolyzed nitrogen
by method of Tyurin & Kononova — 4.8 mg/100 g sdalbile phosphorus — 3.9,
potassium — 31 mg/100 g soil by method of Machyght,of aqueous recovery — 7,9.
The rice seeds were planted by ‘Klen 1,5C’ seedlke harvest was collected by
direct combine harvesting by ‘Yanmar’ small-sizemimbine followed by adjusting
the grain to the standard characteristics: 100 #itypand 14 % humidity. The results
of the experiments were calculated by analysis afance using the application
software MSExsel and Statistica 5.0.

Results and discussionAssessment of bioenergy potential of rice varieties
(Tab. 1) showed that by-products (straw and husk)Vikont and Premium
demonstrate the highest values of energy outp@sethvarieties were studied to
establish how the agronomic factors affect the &irom of rice productivity with the
final products meant for food and straw and huskda source of bioenergy plant
material as a solid biofuel.

Favorable climate of Southern Ukraine and availgbibf rice irrigation
systems provide the chances to obtain good yidltiegb quality rice grain, leaving,
at the same time, the significant amounts of bydpots in the form of straw, husk
and bran which are sources of raw materials fod snbfuel.

In Ukraine, with 22-25 ha rice cultivation areag tjross harvests of paddy rice
in 2012 amounted to 159.8 thousand tones, andiB 20145.1 thousand tones. The
gross collection of rice straw is about 160 thodstones; should it be used as a
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source of alternative energy, the rice regions @&fathe could get heat energy

equivalent to the amount released during combusti@&2 million n? of gas.

Table1

Total yield of paddy and by-product of different rice varieties

Amount (t h&)

Variety Yield (t ha')

husk straw
Pamyati Gichkina 8.03 1.48 12.32
Jantarniy 6.48 1.23 10.27
Agat 7.00 1.08 10.36
Prestizh 7.04 1.26 9.38
Serpnevy 8.81 1.57 14.08
Premium 8.82 1.65 19.36
Vikont 9.11 1.62 17.29
Ontario 9.63 1.60 15.36
Ukraine-96 7.82 1.46 15.60
LSD p = 0.05: 0.54 0.19 0.83

On average, over the three years of the experinteatyields ranged from
4.36-9.53 t ha (Tab. 2); it should be noted that Vikont varietyrhed larger harvests
compared to Premium variety, an average of thererpat being 7.54 and 6.38 t'ha
! respectively. According to our data, the cropdyief the researched rice varieties
was in direct proportion to the use of mineralifigdrs and seeding rates.

Thus, the lowest value of this rate was observediiaimal values of the
studied factors — 6.17 and 4.36 t'haspectively for Vikont and Premium varieties.
The increase of the seeding rate of Vikont riceeramwith NyPoK, led to decrease in
grain yield, but the difference between options agrad within the research. The
biggest yields were obtained under appliegdd®Ko with seeding rate of 9 million
seeds ha for Vikont and Premium varieties at the levels ®fand 8 t h3

respectively.
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Table 2

Yield of rice depending on the variety, fertilizaton and crop seeding rates
(t ha') in 2011-2013

Variety Seeding rates, Doze of fertilizers (factor B) Mean Mean
(leai:)tor m”“(?gc?sreg hd NoPoKo  NeoPaKo  NistPeoko (fzzc)tor (facc:;)tor
5 6.17 6.95 7.60 6.58
Vikont 7 6.90 7.58 8.62 7.54 7.01
9 6.78 7.69 9.53 7.28
5 4.36 6.87 7.54
Premium 7 4.51 6.40 8.10 6.38
9 4.99 6.15 8.53
Mean (factor B) 5.62 6.94 8.32

LSD p = 0.05 forA — 0.39;B — 0.47;C — 0.47; interactio®B — 0.67;AC — 0.67;BC —
0.82;ABC — 1.17

It was found that the amount of rice by-productprgportional to the amount
of the yield obtained. The average amount of straexperiment made 7.13 t héor
three years, with its highest value of 12.26t fa Vikont variety, and 8.01 t Hafor

Premium variety (Tab. 3).

Table 3
Amount of rice husk and straw obtained in the expament variants (t ha™) in
2011-2013
Variety Seeding ratesé,1 Doze of fertilizers (factor B) Mean Mean
(factor  million seeds hi (factor (factor
A) (factor C) NoPoKo  NgoP3oKo  NigdPsoKo A) Q)
5 1.32* 1.54 1.73 1.42
4.95** 7.59 8.62 6.37
Vikont 7 1.59 1.92 1.94 1.71 1.59
6.95 7.48 10.34 8.19 7.33
9 1.59 1.72 2.05 1.63
6.96 8.57 12.26 7.67
5 0.92 1.42 1.61
4.46 6.16 6.48
Premium 7 1.01 1.37 1.69 1.38
4.70 6.51 8.01 6.06
9 1.11 1.34 1.95
5.42 5.48 7.35
1.26 1.55 1.83
Mean (factor B) 5.57 6.96 8.84

LSD p = 0.05 for: *A — 0.20;B — 0.24;C — 0.24; interactiodB — 0.34;AC — 0.34,BC —
0.42;ABC - 0.59
** A —0.31;B —0.38;C — 0.38; interactiolB — 0.54;AC — 0.54;BC — 0.66;ABC — 0.93

* — husk; ** — straw
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It is worth to mention that increased fertilizatited to increased amount of
straw for both studied varieties of rice: on averab4 times for Vikont variety and
1.3 times for Premium variety. Increased seedirtgsrdor Vikont variety under
applied NoPsoKo, NigoPeoKo led to increase of amount of straw on average49;1
however, this increase was insignificant for Pramivariety, except for hMP;Ko
option with seeding rate of 9 million seeds'hehich resulted in 27% decrease of the
amount of straw.

Rice growing and next grain processing generateyheanage wastes in the
form of husk. The analysis of rice grain determirted amount of husk and its
sensitivity to various agronomic factors.

According to three-year data, the amount of husk waange of 1.32-2.05 t
ha' for Vikont variety and 0.92—1.95 t hidor Premium variety, with the highest unit
due to high doses of nitrogen fertilizers. The e8akdifference in amounts of husk
between fertilization options is observed only @atér fertilization rates for Vikont
variety; for Premium variety, the difference rengawmithin research. This value was
less influenced by seeding rates: for instance,dimput of husk from both rice
varieties was almost at the same level with thelisgerates of 7 and 9 million of
similar grains per area unit, except for Vikontiggr under applied NoPsKo.

The results of the researches of 2011-2013 sugtest the optimal
combination of rice farming techniques leads tohhygelds of the crop, and at the
same time, to significant amounts of by-producttable for further use.

Rice Research Institute has developed and intradtwethe production the
program of transition from the traditional energyuces (natural gas) for drying
grain and seeds and heating office premises amaitad facilities to non-traditional
ones which use biomass originating from cultivatofgcrops. Under this program,
the test farm built a grain drying complex opemtion biomass; this facility is
designed for drying the pretreated material: foodeed grain, cereals seeds, pulse
and oil crops using the air which is heated in hgaterator by combustion of

biomass.
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The experience in application of straw crop driartJkraine showed that the
economic benefits are achieved by using the owaglgel — straw. The straw can 6
times reduce the fuel costs necessary to dry lofagrain. The market offers heat
generators designed to produce heat energy inotine éf air heated by burning the
straw pressed in rectangular or round shape badlts)( The advantage of using heat
generators of this type is that the air heatethémt is isolated from the flue gases and
contains no carcinogens. Besides, these heat gersscan be mounted both in new
dryers of various types and in reconstructed drgédomestic and foreign origin.

The grain drying complex which operates on biomasd is designed for
drying the pretreated material: food or feed gragreals seeds, pulse and oil crops
using the air which is heated in heat generatocdybusting biomass allows to
create an economically and environmentally saférelogy for drying grain. If
constantly operating, the grain drying complex ppad with two heat generators has
the output of 16 tons per hour lowering the moestof rice grains by 4% in a single
pass.

When using the straw as a source of energy, tHectsts are reduced by 10.3
times compared to the natural gas necessary tt tiy of grain. The transition from
gas heat generators to the biomass heat geneleddssto annual cost cutout of USD
192.3 thousand, and the payback period is 1.14 year

An important element of the implementation of timergy-saving program is
the use of rice husk. The administrative officegha®ls, cultural centers,
kindergartens and other buildings can be heatdabbgrs with power from 15 kW to
500 kW. The equipment consists of a boiler and mlaestion chamber with
automatic fuel supply; the chamber is equipped vgilstems controlling water
temperature, amount of fuel supplied, burning mkriand amount of air supplied
during combustion. Using this type of boiler saugsto 40 % of energy compared
with other fuels such as gas and coal, as welllawsto use the own raw materials
as cheap energy resources.

To become suitable for fuel, the rice husk is tdolbhguetted. The screw press

helps to obtain square brigquettes without bindioghgonents. The principle of the
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press operation is based on continuous extrusiooeps; its output passes through
the following stages: extrusion, forming, surfac@ealing which gives the briquette
the dark brown color. Influenced by pressure amtptrature, the natural compound
— lignin — is plasticized and secreted to the lettpi surface creating a protective
shell. The press output is 4 tons of briquetted naaterials per hour, i.e. a 7-hour-
shift can produce 2 tons of high-quality environmadélg friendly solid fuel. The
using of fuel briquettes instead of the natural fgaheating premises leads to annual
cost cutout of USD 237.9 thousand, and the paypeaakd is 1.6 year.
CONCLUSIONS

The biggest yields of rice grains were obtainedenragplied mineral fertilizers
N1soPsoKo With seeding rate of 9 million of similar seeds pectare for Vikont and
Premium varieties at the levels of 9 and 8 t/hapeetively. Thus, the optimal
combination of rice agro-technology practices leadsigh yields of the crop, and at
the same time, to significant amounts of by-proslgcitable for further use.

Should the rice straw be used as a source of atteenenergy, ricegrowing
regions of Ukraine could get heat energy equivalerthe amount released during
combustion of 62 million fhof natural gas. The economic effect of the tramsit
from gas heat generators to the biomass heat derel@ads to annual cost cutout of
USD 192.3 thousand, and the payback period isyled4

An additional source of alternative energy in ri@aming is the rice husk. The
payback of launching a rice husk briquetting ligd i6 year.
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IHOBIYHA IMTPOAYKIIA PUCIBHULTBA —CUPOBHUHA J1JIAA
AJBTEPHATUBHOI'O BUPOBHUIITBA EHEPT'Ii B YKPAIHI

I''M. MAPYIIIAK", M.M. JIICOBUI1?, H.O. BIPIHA?
Yactutyt pucy HAAH, c. AuToniBka, CKagoBChKHil p-H, XepCOHChKa 001,
’HauioHapHui yHIBEpCHTET GiopecypciB i IPHUPOJOKOPUCTYBAaHHS YKpaiHH,

M. Kuis

Omninka Ol0€HEPreTUYHOIo MOTEHIliady COPTIB pHca IoKa3aja, 1o MOoOI4YHi
npoaykTH (cosoma i JIymmuHHS) copTiB «BikoHT» 1 «[IpeMiym» 1eMOHCTPYIOTh cami
BHUCOKI 3Ha4YeHHS Buxody eHeprii. I{i coptu Oynu BUBYEHi, 1100 BCTAHOBUTH, SIK
arpoOHOMIYHI YMHHUKH BIUIMBAIOTh Ha (YOPMyBaHHS MPOJYKTHUBHOCTI pUCa, a TaKOX
KIiHIIEBUX TPOAYKTIB, MPU3HAYCHUX I XapUOBUX MPOIYKTIB, COJIOMH 1 JTYIITTHHHS.
VY nojapoBUX eKCIEepUMEHTaX HalOUIbIl yposkai puca Oyjau oTpUMaHi NP BHECEHHI
MminepaiabHUX 100pUB N1goPeoKo 3 HOpMOIO BHCIBY 9 MITH. aHAJIOTIYHOTO HACIHHS HA
rekrap s coptiB «BikoHT» i «IIpemiym» Ha piBHax 9 i 8 T/ra BigmosigHo. Takum
YUHOM, ONTUMAaJIbHE CITIBBIIHOIICHHS METOJIB BHUPOIIYBAaHHS pUCA TPU3BOIUTH 0
BHUCOKOiI YPO’KaHOCTI 1, B TOM )K€ Yac, 10 HAKOMMWYEHHS 3HAYHOI KUTBKOCTI MOOIIHUX

HpO,Z[YKTiB, NpUAATHUX JJIA IIOAAJIbIIOTO0O BUKOPHUCTAHHA.
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PesynbraTi JOCHiKEHHS TMOKa3and, IO pHCOBAa COJOMa MOXe OyTu
BUKOPHUCTAaHA B SIKOCTI JIXKEpesa albTepHATUBHOI €HEprii, a pHUCOBI perioHu YKpainu
MOKYTh OTPUMYBATH TEIJIOBY €HEPTil0, €KBIBAJIEHTHY KUIbKICTh, SIKY OTPUMYIOTH 3
62 muH. M° rasy. EKOHOMIYHHIT eeKT [epexony BiX a30BUX TEIUIOTEHEPATOPIB [0
TEIUIOreHepaTopy Ha OiomMaci MPU3BOAUTH 10 LIOPIYHOTO CKOPOYEHHS BUTpAT HA
192,3 tuc. mon. CIA, a tepmin okymHocTi cTtaHOBUTH 1,14 poky. JlomaTkoBum
JDKEpeNioM allbTepHATHBHOI €Heprii € JyIINUHHA pucy. TepMiH OKYIMHOCTI 3aIlyCKy
JiHIT OpUKeTyBaHHs PUCOBOTO JYIIIUHHS — 1,6poKy.

Knwuoei cnoea. pucoBa coioMma, JyIINUHHS, OloeHEpreTHka, TBEpAE

OlomanuBo, ypo>KalHICTh.

ITOBOYHBLIE IMPOAYKTbI PUCOBO/ICTBA — CbIPBE JIJIAA
AJIBTEPHATUBHOT' O NTIPOU3BOJACTBA DHEPIT'UU B YKPAUHE

.M. MAPYIILIAK!, H.M. JINCOBOI1? H.O. BUPUHA?
1IHCTI/ITYT puca HAAH, c. AnrtoHoBka, CkamoBCKuM pailoH, XepCOHCKas
00J1aCTh

*HanmoHa bHbIH YHHBEPCUTET OMOpeCypcoB U MPUPOAOIIONb30Banus, I. Kues

Onenka OMO’PHEPTETHUYECKOTO TMOTEHIIMAda COPTOB pHca IIOKa3ana, 4YTO
no0ouYHbIe MPOAYKTHI (cojoMa u mienyxa) copToB «BukoHT» u «lIpemuym»
JIEMOHCTPUPYIOT CaMbl€ BBICOKHME 3HAUYEHHMS BBIXOJIa SHEPruu. ODTH copTa ObLIU
U3y4eHbI, YTOOBI YCTaHOBHUTH, KaK arpoHOMUYECKHE (aKTOphl BIHUSIOT Ha
dbopMupoBaHUE MPOIYKTUBHOCTH PHUCA, & KOHEYHBIC MPOIYKTHI, MpeIHA3HAYCHHBIC
JUIs.  TUIIEBBIX MPOAYKTOB, COJOMBI M  IIENYXH, SBISIIOTCS HCTOYHUKOM
OMOPHEPTETUUECKOTO PACTUTEIHLHOTO MaTepuaia B BHAE TBepAoro OwororumBa. B
MOJIEBBIX IKCIIEPUMEHTAX HAUOOJBIINE YpOXKau pruca ObLIN MOJYyUYESHBI IPU BHECCHUU
MuHEpanbHBIX ynoopenuit N1goPsoKo ¢ HOpMOIi BhiceBa 9 MITH. aHAJIOTMYHBIX CEMSH

Ha TeKTap It coproB «BukoHt» u «lIpemuym» Ha ypoBHsXx 9 um 8 T/ra
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COOTBETCTBEHHO. TakuMm 00pa3oM, ONTUMAIBLHOE COYCTAHNUE METOJIOB BhIPAIIMBAHHMSI
puca TPUBOJHWT K BBICOKOW YPOXKaHOCTH M, B TO XK€ BpeMs, K 3HAYUTCIBHOMY
KOJIMYECTBY MOOOYHBIX MTPOTYKTOB, IPUTOIHBIX JIJISI JATBHEUIIIETO UCTIOIh30BaHMS.

Pe3ynbTaThl MCCaeIOBaHMS ITOKa3ad, YTO PHCOBAs COJOMa MOXKET OBITh
WCIIOJIb30BaHA B KA4€CTBE MCTOYHHMKA AIIbTEPHATUBHOW DHEPTUU, a PUCOBOIYECKHE
perMoHbl  YKpaWHbl MOTYT TIOJNy4aTh TEIUIOBYIO OHEPTUI0, HKBUBAJICHTHYIO
KOJMYECTBY, BBIJCISIEMOMY IIPH CXKUTAaHUU 62 MIIH. M> raza. DKOHOMHYECKHIA
s (dexT mepexoa OT ra30BhIX TEIJIOTEHEPATOPOB K TEIJIOTeHepaTopaM Ha OGuomacce
MPUBOJUT K €XKEroJJHOMY cokparieHuto 3atpat Ha 192,3teic. nomn. CIIA, a cpok
okymaemocth  cocraBimsser 1,14 roma.  JIOTIONHHMTENBHBIM  HMCTOYHHKOM
APTEPHATUBHOW DHEPTUU SIBIIAECTCS pucoBas mmemyxa. CpoKk OKymaeMOCTH 3aIlycKa
JUHUU OPUKETUPOBAHUS PUCOBOM mienyxu — 1,6rona.

Knioueevlie cnosa. pucoBas conoMma, Ieayxa, OHMOPHEPreTHKA, TBEPIOEC

OMOTOIUIMBO, YPOKANHOCTD.



