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Abstract. The authors analyze the alternative types of energy production in Ukraine. It has been found out that Ukraine is an
energy-dependent country and the main sources of energy consumption are fossil fuels. The share of renewable energy sources
in Ukraine is less than 2%, which is one of the lowest indicators in Europe. However, Ukraine has a massive unused potential for
energy savings in the form of natural renewable energy sources. In particular, there is a large amount of biomass available for
energy production. The economically justified energy potential of existing biomass waste is about 25 million tons and the energy
potential of biomass which can be grown on unused agricultural lands covering more than 4 million hectares is about 13 million
tons. Due to this potential, we can cover up to 18% of total primary energy consumption in Ukraine from two above-mentioned
sources. Thus, agriculture of Ukraine has a significant potential for its bioenergy development.
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Kapnenko B. M.

LOKTOP CiNbCbKOrOCNoAapCbKnX HayK, Npochecop, YMaHCbKUIA HalioHanbHWIA yHIBEpCUMTET cadiBHULUTBA, YMaHb, YKpaiHa
Bypnan O. J1.

KaHOMOAaT EKOHOMIYHMX HayK, AOLUEHT, YMaHCbKUA HauioHanbHUIA YHIBEPCUMTET cadiBHMUTBA, YMaHb, YKpaiHa

MocToBr’AK |. I.

KaHAnAaat CinbCbKOrocnoaapcbkmx HayK, AOLUEHT, YMaHCbKUA HaUioOHanbHUM yHIBEepCUTET cagiBHMUTBA, YMaHb, YKpaiHa
MoTteHuian arpapHoi chepu eKOHOMIKM Yy hopMyBaHHi eHeproHe3aneXXHocTi YKpaiHu

AHoTauif

Y cTaTTi npoaHanizoBaHo 3abe3neyeHiCTb AK HAPOAHOrO, TaK i CiNbCbKOro rocrnofapcTea YKpaiHu eHepreTMdHMMKN pecypcamu,
a TakoX ePeKTUBHICTb iX BUKOPUCTaHHA. Buxoaaum 3 Lporo, y AaHnn Yac AnA eKOHOMIKM YKpaiHu NpiopuTeTHUM HanpAMKOM
pO3BUTKY € 3abe3ne4eHHA eHepreTn4HOi 6e3neKn AK KpaiHu, Tak i rany3en ekoHoMiku. NMpobnema eHeprobesneku 3aroctpunaca
Ha POHi 3HAYHOrO NepPeBULLIEHHA eHeProeEMHOCTI BUPOBHMLTBA NPOAYKLIi B YKpaiHi MOPIBHAHO 3 MPOBIAHMMU KpaiHamu CBITY AK
MiHiMyM Yy ABa pasu.

Po3rnAHyTO NpnynHM HEO6XiAHOCTI AepXXaBHOIO BTPYYaHHA B perynioBaHHA eHepro3bepexeHHA Ta BUCBITIEHO OCHOBHI CyYacHi
Teopii BiAHOCHO AAHOro Mpouecy, a TakoX MpoaHasni3oBaHO HOPMaTUMBHO-NpaBoBy 6a3y 3abe3neyveHHA eHepro3bepexxeHHA B
YkpaiHi Ta kpaiHax €C.

Knto4oBi cnoBa: ciflbCbke rocnoaapcTBo; anbTepHaTUBHI BUAK eHeprii; 6iomaca.

Kapnenko B. IN.

LOKTOP CENbCKOXO3ANCTBEHHbIX HayK, Npodyeccop, YMaHCKWIN HauMoHasbHbIA YHUBEPCUTET Caf0BOACTBa, YMaHb, YKpanHa
Bypnsan O. .

KaHanaaT 9KOHOMUYECKMX HayK, AOLUEHT, YMaHCKU HaunoHanbHbIA YHUBEPCUTET CafoBOACTBa, YMaHb, YKpavHa

MocTtoBbak U. U.

KaHOMAaT CenbCKOXO3ANCTBEHHbIX HAayK, AOLEHT, YMaHCKWI HaumMOHarbHbIN YHUBEPCUTET CaAO0BOACTBA, YMaHb, YKpavHa
MoTeHuunan arpapHou chepbl IKOHOMUKU B hOPMUPOBAHUU IHEPrOHE3ABUCMMOCTH YKpauHbl

AHHOTauuA

B cTatbe npoaHanuanpoBaHbl 06eCneYeHHOCTb Kak HapOAHOro, TakK M CENbCKOro XO03AWCTBA YKpPauHbl 3HEPreTUYeCKnmMm
pecypcamu, a Takxe 3apPeKTUBHOCTb UX MUCMonb3oBaHuA. Icxoaa M3 aToro, B HacToAlee BpeMA A1 3KOHOMUKN YKpaunHbl
NPUOPUTETHBLIM HanpasfieHNeM pa3BUTUA ABMAETCA obecrneyeHne SHepreTu4eckon 6e30NacHOCTN Kak CTpaHbl, Tak U oTpac-
nen aKoHoMuKK. Npobnema aHeprobe3onacHocTN obocTpunack Ha oHe 3HAYUTENIbHOTO MPEBbILEHNA 3HEProeMKOCTU Npou-
3BOACTBA NPOAYKUMU B YKpanHe Mo CPaBHEHUIO C BEAYLUMMU CTPaHaMn M1Mpa Kak MUHUMYM B ABa pasa.

PaccmoTpeHbl npuy4mHbI HEO6X0AMMOCTY FOCYAAPCTBEHHOIO BMELLATENbCTBA B PEryiMpoBaHne aHeprocbepexxeHna 1 0CBeLLEHbI
OCHOBHblE COBPEMEHHbIE TEOPUN OTHOCUTENBbHO AAHHOIO MpoLecca, a Takxe npoaHanM3npoBaHa HopMaTMBHO-NpasoBas 6a3a
obecneyeHnA aHeprocbepexeHna B YkpauHe n ctpaHax EC.

KnioyeBble cnoBa: cenbcKkoe X03ANCTBO; allbTepHaTUBHbIE BUAbI Heprun; 6uomacca.
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1. Introduction

Dependence of the economy of Ukraine on imports of ener-
gy resources, reduction of mineral reserves, restructuring of ag-
ricultural production, continuous growth of disparity in energy,
industrial and agricultural products prices increasing impede
the development of the national economy and reduce the po-
tential for Ukrainian production competitiveness in the global
markets.

Today, the combustion of fossil fuel which destroys environ-
ment and causes climate change is the main source of ener-
gy in Ukraine. Over 80% of the energy is produced from fossil
fuels, namely oil, natural gas and coal. Another amount of
energy (20%) is related to the share of nuclear energy, hydro-
power, biofuel and renewable sources.

In view of the general environmental degradation, profes-
sionals are increasingly looking for real opportunities to use
the so-called renewable clean energy such as wind, solar, ma-
rine and terrestrial depths, biogas, biodiesel, bioethanol ener-
gy. Prospects of alternative energy sources use are confirmed
by operation and installation of relevant objects in some areas
of our country and abroad. They are environmentally friendly,
which is extremely important for the recovery of air and water,
their value increases in relation to the objective rise in time of
the prices for traditional fuel resources.

In connection with the situation that has arisen, issues of
development, effective use and implementation of alternative
energy sources are particularly relevant, including bio-energy,
which, according to data of structure of primary power engi-
neering production in the world, accounts for almost 77% of the
all types of renewable energy (G. Heletukha, 2012).

2. Brief Literature Review

The issues of alternative energy sources use are wide-
ly studied in domestic and foreign scientific literature. Thus,
the main aspects of bioenergy development, evaluation of its
production potential and efficiency of use are highlighted in
scientific works of V. A. Ageev (Ageev, 2004), G. G. Heletukha
(Heletukha, 2006), R. V. Gorodov (Gorodov, 2009), V. T. Shlem-
ko (Shlemko, 1997) and others [1-5].

The problem related to planning of the natural resources
use in order to maintain ecological balance and preservation
of prerequisites for further economic growth is described in the
works of D. Meadows (Meadows, 2007) [6]. In particular, this
author expresses the idea regarding the need for a rapid tran-
sition from traditional forms of energy to alternative ones to pre-
vent the deficit of the former.

The high potential of alternative energy sources, including
geothermal capacity over traditional ones, is justified in the
studies of V. Fradkin (Fradkin, 2010) [7]. In addition, specific re-
commendations for priority use of various energy sources in
different geographical areas are given by him.

In the works by B. Danylyshyn (Danylyshyn, 2006), the
essence of the concept of energy security, as well as the
problems of its maintenance in our country, is revealed [8].
However, currently the question about what role agriculture
should play in the production of alternative energy sources in
Ukraine remains unexplored.

3. Purpose of the article is to identify and evaluate pro-
mising directions of alternative energy development in agricul-
ture of Ukraine.

Dialectical method of knowledge and systematic approach
in the study of scientific works of national and foreign scholars
on the production of alternative energy sources, particularly in
rural areas of Ukraine, legislative and other regulations on the
investigated issues form theoretical and methodological basis
of the research.

4. Results

Agriculture and power engineering have always been
closely linked, but the nature and strength of their relation-
ship have changed over time. Agriculture has always been a
source of energy, and energy is one of the major determi-
nants of modern agricultural production. Today many Euro-
pean countries actively use alternative sources of energy in
hope to gain independence from leading suppliers of hydro-
carbons. For example, in 10 years Sweden plans to complete-
ly abandon organic fuel sources in favor of renewables, and
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Iceland plans to do so before 2050. In Spain and Germany,
the focus is on wind energy with its increase by 25% annually.

In Brazil, sugarcane is widely used as a renewable energy
source. In the next five years, ethanol extracted from cane will
provide 80% of the country’s transport with biofuel.

Today, Ukraine is far behind the European Union in bio-
energy development. Globalization of energy processes will
enable Ukraine to act as a full player in the international arena
in the area of «green» power engineering introducing.

According to data provided by the State Committee for
Energy Conservation of Ukraine, Ukraine annually consumes
about 220 million tons of fuel equivalent of fuel and energy re-
sources and refers to energy deficient countries. Energy needs
are covered by own sources only by 53% and to 67% of the
required volume of natural gas and 75% of oil and petroleum
products are imported. Today, the country is living by the Ener-
gy Strategy of Ukraine until 2030 approved by the Government,
which provides a substantial increase in consumption of fos-
sil power resources. According to it, by 2030 energy consump-
tion will have increased by 302.7 million tons; electricity alone
will be up to 398 billion of kWh. However, in the long term, this
situation is unacceptable, as it makes the national economy
completely dependent on countries exporting oil and gas.

Comparing the structure of primary energy consumption
in Ukraine and the EU (see Table 1), we found the following
trends. The share of natural gas in Ukraine is unreasonably
high — about 43%, which is almost twice as high as in the EU.

Tab. 1: Comparison of the structure
of primary energy consumption in Ukraine
and the EU countries, %

Source: Formed by the authors using [9-11]

Thus, the contribution of renewable energy sources in
Ukraine is unreasonably small — only 1.6%, which is 6 times
as low as in the EU. Moreover, developmental directions of va-
rious sectors of power engineering of Ukraine, proposed in the
revised Energy Strategy until 2030, are not in agreement with
the EU energy trends. Thus, in Europe they plan to reduce
coal consumption (from 15.9% to 7%), as well as the use of
atomic energy (from 13.5% to 11%), whereas in Ukraine the
situation is opposite. In the new variant of the Energy Strate-
gy until 2030, the increased consumption of coal is scheduled
from 27.9% to 30%, and the consumption of nuclear energy
comprises from 17.9% to 22.5% [12]. It should be noted that
unlike many EU countries, Ukraine has significant unused po-
tential of natural renewable energy sources.

Natural renewable energy sources, as defined by the Inter-
national Energy Agency (IEA), are divided into the energy re-
ceived from the sun, wind, biomass, geothermal, hydropower
and ocean resources, biogas and liquid biofuels [13].

According to the Resolution No. 33/148 of the UN Gene-
ral Assembly adopted in 1978, non-traditional renewable ener-
gy sources include: solar, geothermal, wind and wave power,
energy of tides and low tides of the ocean, energy of wood
biomass, charcoal, peat, dragging livestock, shale, bituminous
sandstones and hydropower.

The Law of Ukraine «On Alternative Energy Sources» de-
termines that alternative sources of energy are renewable
sources which include solar, geothermal, wind and wave po-
wer, energy of tides and low tides of the ocean, energy of wood
biomass, charcoal, peat, dragging livestock, shale, bituminous
sandstones and hydropower [14].

Today, our country has been using its potential of renewa-
ble energy by only 1.6% (with a capacity of 81 million tons of



conditional fuel and its production equal to 1.6 million

tons) (see Table 2).

Despite the low level of renewable energy devel-
opment, Ukraine has good preconditions for the fu-
ture growth of this area, particularly in bioenergy sec-
tor. Ukraine has a great potential of biomass available
for energy production. Biomass is defined in Ukraine
as carbon-intensive organic material obtained from
plant and animal waste (wood, straw and other plant
residues of agricultural production, manure, specially
grown energy crops, organic parts of municipal solid
waste and sometimes peat). Solid biomass, as well
as liquid and gaseous fuels produced from it (such as
biogas, biodiesel, bioethanol and others), is used for
energy production.

According to the accepted European definition, biomass is
biodegradable fraction of products, waste and residues of agri-
culture (plant and animal ones), forestry and close to them in-
dustries (carbon containing organic substances of vegetable
and animal origin, wood, straw, plant residues of agricultural
production, manure, etc.).

Potential energy resources of biomass can be divided in-
to two groups:
¢ plants grown for the purpose of energy needs (e.g. corn,

rape, energy willow, potato, Jerusalem artichoke, Miscan-
thus etc.);

e organic remains and waste which are plant remains, waste
from the growing and processing of plant production, animal
waste, and municipal organic waste.

Raw materials for energy are divided into liquid (vegetable
oil, alcohol), solid (straw, wood or waste of wood industry) and
gaseous (biogas).

Biomass is a renewable, environmentally friendly fuel, the
use of which does not contribute to the global greenhouse ef-
fect. This is the fourth fuel by value in the world which gives
about 2 billion tons of fuel a year, representing about 14% of
total primary energy consumption in the world (over 30% in de-
veloping countries) [16].

The potential of waste usage in agriculture as a source of
biomass energy is enormous. Thus, the use of crop residues
for receiving energy depends on the nature of crops with
which large areas are sown with and the number of residues
that can be obtained per one unit of the cultivated area. Field
crops provide waste more than vegetable ones. The appro-
ximate number of plant waste can be determined by multip-
lying crop mass by its characteristic coefficient of remains.
It is 0.55-2.60 for soybean; 0.55-1.20 for corn; 0.5-1.75 for
wheat; 0.07-0.20 for sugar beet. The values of coefficients de-
pend not only on the type of a crop but also on conditions of
its cultivation, harvesting methods and methods of coefficient
determining.

Straw is one of the major sources of biofuels in Ukraine.
The average amount of cereal straw in Ukraine is 40.31 mil-
lion tons. Using of 20% of the total straw harvest for energy
purposes can replace 4.3 million tons of fuel per one year
(about 2% of total primary energy consumption in Ukraine).
It is possible to get 4 kWh of electricity from a straw briquette
weighing 50-60 kg.

In Ukraine, the complex processing of animal waste by
means of methane fermentation is promising. The product
of such fermentation is biogas. Depending on the content of
methane in it, its energy intensity can be different. For exam-
ple, biogas containing 56% methane has the energy intensi-
ty of 20 MJ/m3, 62% — 22.7 MJ/m3, 70% — 25 MJ/m? (natural
gas - 33.6 MJ/md).

Firewood was the main fuel to the end of the 19" century
when it was replaced by fossil fuels. Appearance of these fuels
and constant increase in needs of forest technical raw mate-
rials led to a sharp decrease in the use of forest products as
fuel. About 85% of felled forests in Ukraine are used for pa-
per and timber production, whereas 4% are used as fuel. The
remaining 11% of wastes related to harvesting and transporta-
tion are recycled or can be used as an energy source.

The negative properties of natural forest biomass are: low
energy density of biomass, high humidity and energy consump-
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Tab. 2: Potential of renewable sources usage in Ukraine

Source: [15]

tion for evaporation during combustion, heterogeneity of forest
biomass form which complicates mechanization and automa-
tion of harvesting and combustion of this fuel.

To achieve the goals set by Ukraine in the field of rene-
wable power engineering, the reliable information about the
energy potential of biomass is necessary. According to the da-
ta received in 2013, economically justified energy potential of
existing biomass waste is about 25 million tons of fuel and the
energy potential of biomass which can be grown on unused
agricultural land areas of more than 4 million hectares is about
13 million tons of fuel (see Table 3).

Due to this potential, it is possible to cover up to 18% of
the total primary energy consumption in Ukraine. In that way,
the Ukrainian agriculture has a significant potential for bioener-
gy development. However, it is important to introduce effective
feed-in tariff mechanism in order to use natural advantages of
the country [17-18].

Thus, several advantages of bio-economy should be em-
phasized, which is an important stimulus for further develop-
ment of this industry in Ukraine.

For the social sphere:
diversification of the rural economy;
job creation;
agricultural development;
health improvement;
improvement of welfare and quality of life in rural areas.
For the economic sphere:
cost reduction relevant to agricultural products;
eduction of the dependency on imported energy resources;
development of the new types of products;
careful monitoring of product quality;
entering into new markets of agro-food products.
For the environmental sphere:
creation of new products and biofuels;
prevention of pollution;
e use of processed agricultural products.

Tab. 3: The energy potential of biomass in Ukraine

Source: [15-16]
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Along with above-mentioned, it should be noted that there
are negative factors which significantly impede the biofuels
market development in Ukraine. They include:

« insufficiently developed transportation and logistics infrastruc-
ture of the agrarian market and the market of bioenergy re-
sources, as well as the lack of specialized terminals for large
volumes of biofuel processing, which results in very expen-
sive logistics and reduces the potential profitability of biofuel
plants;

¢ lack of advanced agricultural technologies for biomass gro-
wing and processing;

¢ lower, if compared to the EU, production capacities of natio-
nal enterprises for the production of biofuels;

¢ lack of specialized equipment for biofuel cargo traffics han-
dling;

¢ backlog of information infrastructure: the biofuels market is
not transparent and potential consumers are not aware of
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