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the world are considered. Researched the possibilities of raw materials in Ukraine
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influence the development of bioenergy in our country.
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Introduction. Every year in Ukraine consumes about 200 million tons of fuel,
and the mining of natural sources of the country is only 80 million tons. An important
potential resource for such a balance of own and imported energy resources can be a
biofuel.

The share of renewable energy sources (RES) in the primary energy
consumption in the countries of EU - 27 reached 12.5% in 2010 and continues
tendency of increase. According to EU Directive 2009/28/EC the share of renewables
in 2020 should reach 20%. Despite the financial and economic crisis, the growth of
renewables continues from year to year. However, 49% RES is produced of wood
and secondary wood resources. If the amount of biomass increases, the relative
proportion of RES biomass decreases annually, due to the rapidly increasing
production of wind energy, biogas and solar energy (such as biofuels and wind

energy has doubled in the last 5 years) [14].



EU set ambitious goals - to reduce greenhouse gas emissions to 20% by 2020,
increase the proportion of renewable energy to 20% and increase energy efficiency to
20%. For this purpose all 27 EU countries are developed action plans for renewable
energy. For example, Sweden in 2020 should increase the share of renewable energy
to 49%, Latvia - 40%, and Finland - 38%. To date majority of EU countries has
achieved significant growth in renewable energy. For example, Sweden has
"exceeded" the plan and crossed scheduled level to 2020. The latest report about
implementation plans for renewable energy shows that 13 countries are ahead of
schedule and only two - with some lag from the intended goals. In general, the EU
passed the bar at 13% with 2% excess of the planned level. It is assumed that 20% of
the EU crossed a line until 2020 [13].

Analysis of recent publications. A significant contribution to development of
theoretical and methodological aspects of the production and consumption of biofuels
made such scientists as: Gavrish V. Gukov Ya.,. Davie V, Dubrovin V., Kaletnik G.,
Kudrytska N., Magomedov A., Melnychuk M., Myronenko V. and others.

However, despite the considerable amount of publications on this subject, the
numbers of contentious issues not decrease, especially in the search for raw materials
for the production of biofuels and establish of mass production and consumption in
Ukraine.

The aim of the article is research of basic aspects of biofuels, condition of its
production in the leading countries and in Ukraine in terms of the most common
types: solid and liquid biofuels, which will allow to identify the main factors that can
influence the development of biotechnology in the country.

Research results. The word "energy" is composed of two parts, "bio" and
"fuel”. "Bio" the first part of compound words, which indicates their relationship with
life and life processes, such as biology, biography, biosphere [11, p. 156]. "Fuel" -
combustible substances which allocated by burning a significant amount of heat. It is
used in industrial processes or converted into other forms of energy [1, p. 81].

Other words biofuel - this is fuel that has the biological origin.



Biofuels are produced by thermal treatment of organic compounds (biomass)
without air, so-called pyrolysis. The biomass have taken to determine all organic
substances as vegetable and animal origin. The source of which is now existing
biosphere of our planet [8, p. 37].

The term "biofuel” includes all types of transport and liquid fuels produced
from biomass. Forms of biomass for use as biofuels are quite varied.

Biomass as an energy resource can have multiple areas of use: it can burn (in
the form of sawdust, wood briquettes, pellets), recycled into liquid biofuels
(bioethanol, biodiesel), and produce biogas.

V.l. Gavrish, examining the problems of development production and
consumption of biofuels in Ukraine, made a classification of alternative fuels,
including: gaseous (natural and artificial) and liquid (for diesel motors and for petrol
motors) [2, p. 57].

Scientists of the National University Biotechnology and Environmental
Sciences of Ukraine V.O. Dubrovin, M. D. Melnychuk, V.G. Myronenko showed a
block diagram the differentiation of agricultural products for non-food use of one of
the areas which is making biofuels. Regard to the diagram of work, the researchers
divided of biofuels into the following types: solid (powdered, extruded, nature),
liquid (methyl esters, industrial alcohol, oil) and gaseous (biogas) [5, p. 79].

We propose to classify the following types of energy (Fig. 1).

Bioenergy potential of Ukrainian areas is different, because it depends on a
favorable combination of natural and anthropogenic factors. Vinnytsia region is a
region with relatively high bioenergy potential (Table 1).
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Figure. 1. Classification of biofuels

Energy potential of Vinnytsia oblast technically feasible for the by-products of

agriculture, according to the Ministry of Agriculture, is 0.67 million tons of fuel.

According to this index area is 6th place among the other regions of Ukraine.

Table 1

Technically feasible energy potential of Vinnytsia region, thousands tons of fuel

Ukraine as a e i\c/)Lnnrlrfflallion Rating among
No The energy potential whole, million gion, the regions of

tonnes :
tons Ukraine
1 Over Adverse agricultural 12.81 0,67 5
products

2 Woody biomass 1,66 0,06 10
3 Energy crops 12,39 0,55 9
4 Animal waste 2,46 0,16 1
5 Biodiesel from rapeseed 0,51 0,045 2
6 Bioethanol 2,33 0,15 5

Source: [12, p. 144].




Vinnychyna by the energy potential of wood biomass (60 thousand tons of
standard fuel) - on the 10th, the potential energy crops (550 tons of fuel) - on the 9th
place, the energy potential of animal waste (161.4 thousand tons of standard fuel) - 1
place, for energy potential of biodiesel from rapeseed (44.7 thousand tce) - 2 place,
the energy potential of ethanol (146.7 thousand tons of standard fuel) - on 5th place .

With perspective indicators of regional bioenergy development Vinnytsia
region is among the five regions of Ukraine [12, p. 142,144].

Let us briefly consider the features and trends of technology production and
use of each type of biofuel globally and in Ukraine.

Solid biofuel. The basic technology of thermal processing of wood and
biomass is direct burning (the most studied and commercially developed),
gasification (on demonstrational level of development) and pyrolysis (located at the
experimental level of development).

The quality of solid biofuel is formed at the stages of growing, storing and
processing of biomass, and efficiency of its use also depends on the technical
excellence of thermal generators.

The greatest efficiency can be obtained in the case of solid biofuels in the form
of granules (pellets) or briquettes, large bales of herbaceous or woody biomass.

Comparative evaluation of different types of solid fuel will carry out in the
table. 2.

Table 2
Comparative evaluation of heat burning of different solid fuels
Kind of fuel bHeat_ of Sulphur,% Ash,% Carbon
urning
Natural gas | 35-38 MJ/m® 0 0 57 kg / GJ
Pellets of | 17 5 M3/ kg 0,1 0,5-0,3 0
wood
Pellets of |1/ 5 M3/ kg 0,2 4,0 0
straw
Wood pellets
of Husk 15,5 MJ / kg 0,1 1,0-2,0 0

Source: [4, p. 27].



The last scientific developments of the National University Biotechnology and
Environmental Sciences of Ukraine, performed together with Czech colleagues,
allowed to master the production of modern boiler-machines that work like on the
traditional coal and on the solid forms of biofuels.

For the drying grains in particular rape, for energy purposes is advisable to use
heat generators that work on rolls of straw, including rape. This equipment has
produced in Ukraine, it helps agricultural enterprises to cover their own domestic and
industrial energy needs through biomass from their fields [10, p.13].

Production of granules (briquettes) with husk seeds, stalks or straw to cover the
cost of planting, cultivation and gathering of crops. These calculations are made by
farmer Zhovkivskyi district in Lviv region. Fuel pellets are a a high-calorie fuel and
in high demand in the EU.

The industry in Ukraine of solid biofuel is fully export-oriented, as more than
90% of the fuel pellets and briquettes export from the country. The main importers
solid biofuel are™ Poland, Germany, Italy. An area of solid biofuels in Ukraine
continues to evolve rapidly, as evidenced by the following data: in 2008 Ukraine was
produced together pellets and briquettes 77 tons, in 2009 - 350 thousand tons (pellets
- 260 thousand tons, briquettes - 90 tons) [9, p.23].

At the beginning of 2010 in Ukraine there were 155 enterprises producing
wood and straw briquettes, 73 plants producing pellets made of sunflower husks.
However, most of the production goes for export.

According to the energy balance in Vinnitsa region the types of solid biofuels
are agricultural residues (straw, sunflower husk, waste crops), wood mass (lump
wood waste, sawdust, firewood, firewood) (Table 3).

The decision of the 25th session of the Vinnitsa Regional Council of the fifth
convocation in 29.07.2009 Ne 828 approved the Energy Saving Program in the
Vinnitsa region 2009 - 2013, which provides for measures to transfer heating systems
of social institutions to work using local kinds biofuels and electricity. According to

this program Vinnytsia National Agrarian University has to perform a leading role in



the development and implementation of biotechnology in the agricultural sector in

Vinnitsa region.

Table 3
Provision of Vinnitsa region solid biofuel species
(according to the energy balance)
Ne Solid biofuels Quantity
1 Straw crops 951.5 thousand tons
2 Husk sunflower 82,0 thousand tons
3 Waste crops 61,1 thousand tons
4 Wood mass (lump woc_)d waste, sawdust, 331.3 thousand m’®
brushwood, firewood)

Source: [6, p. 44].

Liquid biofuels. According to the forecasts of expertsthe nearest future
provide coverage up to 10% the world demand for diesel by vegetable liquid fuels.
Methyl esters are used as a clean fuel in Germany, Austria, and as 30, 20 and 5% -
not mixed with diesel fuel in France, Sweden, USA, Czech Republic and other
countries. Thus, for example, in the U.S. by 2012 planned to produce annually about
20 million tons of liquid biofuels.

Researches have shown that liquid biofuels are becoming perspective kind of
energy resources which for its significance in the global energy sector occupies
second place after solid biofuels (Table 4).

Liquid biofuels are produced in unified technological process from the seeds of
energy-intensive crops or processed in two stages: seed - in oil, and oil - in biofuels.
Technology of production of diesel fuel from rapeseed oil is based on the physical
and chemical processing of filtered oil to form methyl ester. Under the influence of
the catalyst is re-oil by methanol to methyl ester of glycerol exemption. Output
components almost do not mix, so after the end of the reaction mixture happens
gravity distribution into two layers.

The most common and used on a global scale are bioethanol and biodiesel.

1. Biodiesel (RME - rape-methyl ester) - a type of biofuel which is produced
from fats of vegetable and animal origin and which replaces petroleum diesel.



Types of liquid biofuels and their use

Table 4

The . The process of N
Energy crops, agricultural . Directions for
Ne | component of conversion
and forestry . use
fuel raw material
1 Vegetable oil | Rape, sunflower, soybean, The component
other oilseeds of heating fuel
. . Additive for of
Bio oil Poplar, willow, . .
2 . Pyrolysis motor oil and
miscanthus .
gasoline
L Replacement or
3 Biodiesel Rape, sunflovyer, soybean, Esterification | part of diesel
other oilseeds f
uel
Crops, potatoes, Jerusalem Hydarr?éysw
artichoke .
fermentation The component
4 Bioethanol | Sugar beet, cane, sorghum | Fermentation pe
of gasoline
. Pretreatment,
Poplar, willow, straw, )
hydrolysis and
grass .
fermentation
: Gasification
. Poplar, willow, The component
5 | Biomethanol : and methanol :
miscanthus, rumeks : of gasoline
synthesis

Source: [3, p. 8, 9].

2. Bioethanol (ethyl alcohol for gasoline engines, which is produced by
fermentation of sugar (sugar beets, sugar cane) or starch (wheat, corn).

Researches allow asserting that the main factors increasing the production of
liquid biofuels are:

1. The price in the last decade, there was a significant increase in world prices
for oil and oil products.

2. Ecological liquid biofuels, even when you use it as a supplement to
conventional gasoline and diesel fuel has obvious environmental benefits compared
to traditional fuels. When burning of fuel mixtures instead of conventional oil
significantly reduced emissions of oxides of hydrogen aerosol particles, volatile

carbohydrates, sulfur oxides. Adding ethanol to gasoline provides the necessary



octane fuel mix and makes it possible to abandon toxic additives such as lead,
aromatic hydrocarbons, methanol.

So, the potential of Ukraine in terms of bio-energy resources is extensive. First,
taking into account rising prices of oil and other energy resources, and low standard
of living in the country, the demand for alternative and cheaper fuel in the population
Is quite high. Second, taking into account large number of "empty" of arable land,
which is quite be approached for growing energy crops, Ukraine owns such deficient
in the rest of the world's resources - land. So there are all prerequisites for the
establishment of a national bioenergy sector.

Attractive environmental performance of liquid biofuels is the basis for state
support for its production and use, even in conditions of low oil prices and biological
materials. Such support is needed until the optimal ratio between the cost of growing
and processing of initial biomass and energy composition of the target product are
achieved. Equally important is the fact that in many cases not resolved the issue of
commercial realization of by-products of agricultural raw materials (bards, meal,
glycerin, etc.), which could significantly increase the efficiency of biofuel
production.

Conclusions. The question of importance of production and consumption of
biofuels associated with the limited world reserves of fossil energy resources and
environmental pollution as a result their use. Research showed that the main factors
that encourage the world community to the production of biofuels is the price and
ecological. The most important and most valuable feature of biofuels is it renewable
nature that creates opportunities for the agricultural sector serves their producer and

consumer.

Bibliography
1. bompmas CoBerckas Ouuukioneaus. B 30 1. T. 26 / [rn. pen.
A. M. Ilpoxopos]. — 3-¢ u3a. — M. : Cos. sHnuknonenus, 1977. — 624 c.
2. T'aBpui B. I. AnbTepHaTUBHI MAJIMBHO-EHEPTETUYHI peCypcU B arpooizHeci /

B. I. I'apum // Exonomika AIIK. — Ne 7. — 2007. — C. 55-61.



3. 'ykoB . C. BukopucTtanHs MOHOBIIOBAHUX KEPEN €HEPTii B CLIbCHKOMY
rocriofgapctBi [Enextponnmii pecypc] / S. C. T'yko // Il Mexnynap. dopym 1o
BOIIPOCAM BEJICHUSI PEHTA0ENIbHOTO BBICOKOA(D(PEKTUBHOIO CETBCKOXO035HCTBEHHOIO
npousBoacTBa. WHTepArpo 2006 : Hayd.-ipakt. KoH(P. — Pexum nocryma:

File://H:/f/Hayuno-npaktrueckas koudbepeHums Pa3aenss.htm.

4. laBuit B. Bce — B mosie / B. JlaBuii // AnbrepnatupHoe ToruBo. — 2010. —
Amp. (Ne 4). — C. 26-30.

5. dy6posin B. O. [lepcrniekTUBU pO3BUTKY TEXHOJIOT1M €HEPTETUKU B YKpaiHi /
B. O. [y6posin, M. JI. Menbauuyk, B. I'. Muponenko // bionaimuBo Ta
BIJTHOBJIIOBaH1 JiKepena eHeprii, mpoOieMH 1 MEepPCHeKTUBU PO3BUTKY : MaTepiaiu
HayK.-TipakT. KoH®. — Binauusg : BAAY, 2006. — 103 c.

6. 3abonmotHuit I'. EKOHOMIYUHI Ta TNPUPOAHI 3aKOHOMIPHOCTI PO3BUTKY
OioeHepretuku y Binnunpkiii o6nacti / I'. 3adonotauii, B. Mopwmitko // Matepianu
MDKHap. HaykK.-TexH. KoH}. [«3emis YkpaiHM — TNOTEHIlad EHEpPreTMYHoi Ta
eKoJIoT1uHO1 Oe3neku aepxkaBu»], (Binnuus, 24-26 6epes. 2010 p.) // 36. Hayk.
npaip BinH. Hail. arpap. yH-Ty. — Binnuns, 2010. — Bumn. 42, 1. 4. — 172 c.

7. Komsnenko 0. M. OcHoBHI 3acagu O010€TaHOJIBHOTO BUPOOHHIITBA B
VYkpaini / FO. M. Konsaenko, I'. M. KoBanbuyk // 30. Hayk. nipaiib BiHH. Hail. arpap.
yH-Ty. Cepist: ExoHomiun1 Hayku / peako:n.: I'. M. Kanetnik (royio. pen.) Ta iH. —
Binnaung, 2011. — Bun. 1(48), 1. 2. - C. 167-170.

8. Kynpunbka H. B. Bupo6uuiireo 6ionanuBa B YKpaiHi — BaXJIMBUN HaIPsM
BUpIIIEHHSI eHepreTuyHoi mpobiemu i oxoponu aoBkuwis / H. B. Kyagpunbka //
3anmizauyanil Tpancnopt Ykpaiau. — 2007. — Ne 1. — C. 36-39.

9. Mexnaynapoanas ouosnepreruka. — 2010. — maif, Ne 2 (15).

10. Menpuuuyk M. 3enena enepris B Ykpaini / M. Mensuuuyk, B. Jlyoposin //
Arpocektop. — 2007. — Ne 2. — C. 12-13.

11. YCE : yniBepc. cioB.-0Bia. / [royioB. pea. paau, ui.-kop. HAHY
M. IlonoBuu]. — K. : Ipuna, 1999. — 1551 c.

12. Humopa . I'. Oiminka O10€HEPreTUYHOro TMOTEHIaTy obnacti /

A.T. Humropa // Martepianiu MikHaAp. HayK.-TexH. KoH(. [«3emus YkpaiHu —



MOTEHL1aJl €HEePreTUYHOI Ta EKOJOriyHoi Oe3meku nepkaBw»], (Binnuus, 24-26
6epes. 2010 p.) / 36. nayk. npans Bins. Han. arpap. yH-Ty. — Binauis, 2010. — Bun.
42, 1.4.- 172 c.

13. http://www.infobio.ru/analytics/2461.html.

14. http://www.infobio.ru/analytics/2403.html.

Anomauisn

I'yuyanenxo JI.B., @abiancoka B.IO.

Cman ma 0CHOGHI YUHHUKU PO3BUMK) 8UPOOHUUMEA DI0102IUH020 NANUGA 6
Ykpaini ma ceimi

Pozenanymi  ocnoeni acnexmu pozeumky, ceimosuil 00c8i0 ma Ccmau
sUpoOHUYMEa 0OioN02IyHUX 6Udie6 nanuea 6 ceimi. Jlocniodceno MoAHCIUBOCHI
cuposurHoi basu Ykpainu ma BinHuybkoi obaacmi 015 6upobHuymea dionanuea ma
BUOLNIEHI OCHOBHI YUHHUKU, 5KI 6NJIUBAIOMb HA PO3BUMOK Oi0eHepeemuKku 8 HAllill
KDQIHI.

Knrwuoei cnosa: 6Oionanuso, 6ioouszensb, 0ioemaHol, pUHOK Oionanusa,

eHep2emuyHi pOCIUHY, eKOLO2IYHULL pakmop, YiHoeul haxmop

Annomayusn

I'yyanenxo JI.B., @adusanckaa B.IO.

Cocmoanue u  OcHO6HBle  (hakmopwvl  pazeumus  NPOU360O0CHMEA
Ouonozuueckozo monauea 6 Ykpaune u mupe

Paccmompenwvr ocnoeuvie acnexmol paseumuis, MUpogou ONbIM U COCMOSHUE
npou3800cmea OUO02UYEeCKUX 8U008 MONAUsa 8 mupe. Hcciedoeanvl 603mMoxHcHOCMU
cbipbesoll b6asvl Yipaunvl u Bunnuykoii obnacmu 0 npouzeoocmea OUOMonIuea u
8blOeIeHbl OCHOBHbIE (PaKMOpbl, KOMOopble GIUAIOM HA pa3sumue OUOIHepeemUuKu 6
Hauwileu cmpatxe.

Knrwoueswvie cnosa: 6uomonnuso, buoousenv, 6UOIMAHON, PLIHOK OUOMONIUBA,

SHepeemuyecKue pacmerus, IK0102u4ecKuti (hakmop, yeHosot gpaxmop.
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