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Nowadays energy safety is one of the most important parts of the national
economy since only reliable use of fuel energy sources enables relevant operating
of all economical (and on basis thereof — public) institutions. Without any doubt it
can be stated that energy sector is a basis for almost every activity in modern world
and plays a crucial role in economical progress of a country, moreover it provides
foundation for sustainable development of a society as a whole.

Nonetheless considering the energy safety of a country (society) to be

completely reliable in every socio-political situation is a great mistake. In the
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context of globalization (first of all under conditions of competitive development
of polycentric world) positions of states being the energy donators are
characterized by increased instability, unpredictability, and political selfishness.

Consequently, the countries which were and are the energy recipients must
build their own systems of energy safety which become effective enough to
balance dysfunctional influences (challenges, threats, dangers) which are created
by international environment [1].

The task of reducing of energy dendence can be partially solved by
developing the effective energy safety programmes and the alternative energy
sector in Ukraine. According to Energy Strategy for 2030, the alternative energy
share should reach 20 %. The main directions of alternative energy in Ukraine are
wind power, solar power, bioenergy and hydroelectic power [1].

High and unstable oil and gas prices, the necessity in more economical
consumption of fuel reserve, the necessity to protect the environment and solving
the problems of climate change cause the need to find alternative energy sources,
in particular, to expand the energetic use of biomass. Its main components are
straw and other agricultural waste (stems, pots, husk, etc.), as well as wood waste,
liquid fuels from biomass, different types of biogas and energy crops [2].

It is projected that by 2023 the EU land available for cultivating energy crops
will grow to 20.5 million ha, and by 2030 — to 26.2 million ha.

Energy crops are very important for the bioenergy sector of the European
Union. European Biomass Association (AEBIOM) estimates the current potential
of energy crops in the EU as 44-47 Mtoely. One of the EU 2020 targets is to reach
138 Mtoe of biomass in the gross final energy consumption that corresponds to
14% of GFC. The available potential of energy crops allows covering about 1/3 of
the target [3].

In Ukraine, only 2.5% of the energy consumed from its total volume comes
from biomass, while in Western Europe — about 12%, and in a number of
Scandinavian countries — from 17% to 40% [4].

Currently, the world has accumulated enough extensive experience in the use
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of vegetable waste agricultural production, primarily straw, for energy purposes.
When burning 1 ton of straw, about 3 MW of thermal energy is exuded, which
means replacing 333 cubic meters of gas. The recognized leader in this sector of
bioenergy is Denmark, where from 6 million t of straw annually produced nearly
1.5 million t are burned down for energy production (~ 17 PJ / year) [5].

In the UK (Ely) there is one of the most powerful straw power plants in the
world — 38 MW. The straw of grain crops, the volume of about 200 thousand
t/year, is the main fuel of this TPP. Straw-fired power plants are also implemented
in Spain [6].

In Poland, there are about 100 small-capacity straw boilers (~ 100 kW) and
more than 40 not large and medium-sized boilers in the district heating system
(0.5-7 MW) [7-8].

In Sweden, the straw market as a fuel is in the process of development.
Currently, the country has a relatively small number of straw boilers and boilers in
the district heating system [9].

Ukraine has some experience in energy and biofuels production from straw.
About 100 boilers and heat generators for straw bales are in operation in rural areas
of the country. About 45 of them are the boilers manufactured by UTEM
(Ukraine), 10 units are the boilers of Faust and Passat Energy (Denmark) make, the
others are heat generators of Brig (Ukraine) make. Total installed capacity of the
equipment is estimated as 70 MWth. The sector of solid biofuel production from
straw is also developing: in 2012, 21,700 t of pellets and 2,000 t of briquettes were
produced in the country. The first part of Vin-Pelleta, a new factory, started its
operation in Vinnytsa oblast (Ukraine) in autumn 2012. Its productivity is 75,000
t/yr of straw pellets. In 2014 the factory reached its design productivity of 150,000
t/yr. Smart Energy, the owner of Vin-Pelleta, is planning to build 20 factories for
the production of straw pellets in all Ukraine’s regions. Total productivity of the
factories is supposed to be 2.5-3 Mt [17]. In addition, KSG Agro (a Ukrainian
agricultural holding) started the operation of a factory for straw pellets production

in Dnipropetrovska oblast (Ukraine) in 2014. The agricultural holding is going to
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use its own feedstock for the pellets production. Further plans include construction
of another two factories, in Dnipropetrovska oblast.

Straw is a waste product of cereal crops production. The ratio between the
grain part and straw is about 1:1 (except for corn, for which the ratio is 1:1.3)
therefore the annual amount of straw is close to the production volume of cereal
crops in Ukraine. During harvesting the grain part of a crop is detached from the
stalk, and the way of collecting straw depends on the technology applied. Some
part of the straw is left in the field as stubble remains to be plough back into the
soil later on.

The following technologies for collecting straw of spiked grains are applied in
Ukraine:

- “Streaming” technology. Straw is shredded by a combine harvester,
collected in replaceable trailers and transported to a storage place. If the trailer is
not available, the straw is scattered over the field.

- Stacking technology. Harvester-stacker makes stacks of 150-300 kg and
they are discharged onto the field on the stubble remains. The stacks are collected
from the field by rope sweeps or by push sweeps. If stacks are formed (shaped) as
blocks, they are taken out of the field by stack-movers.

- Swathing technology. Straw is swathed by a combine swathe. There are
different ways for collecting swaths, one of which is baling.

- “Spreading” technology. During cereal crops harvesting, straw is shredded
and spread (scattered) over the field.

The swathing technology of straw collection provides for further baling. It is
important for the case of transporting straw at middle or relatively long distance
and the use as a fuel. Baled straw can be stored under a shed or indoors that
protects it from moistening and contaminating. Baling considerably reduces the
volume of straw and allows mechanizing some operations during straw handling
and transportation.

For the wider introduction of straw energy equipment in Ukraine, it is

necessary to switch from streaming technology of the straw harvesting to swathing
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technology with its further baling.

The collected cereal straw is utilized in different ways: as litter and fodder for
cattle, as organic fertilizer, for growing mushrooms in hothouses, and also for
energy purposes (direct combustion in boilers, production of pellets/briquettes).
The unutilized remains, which altogether make up quite big volume all over the
country, are often burnt on the field that is legally prohibited in Ukraine and
harmful for the environment and soil [9].

Just after harvesting, the moisture of cereal straw is 15-20% (heating value Q
= 12-15 MJ/kg). If straw is left on the field for some (rather long) period of time 11
its moisture drops to 14-17% (Q = 14-15 MJ/Kg); content of chlorine and
potassium decreases due to washing-out that improves the quality of straw as fuel.
For combustion in boilers, straw moisture content must be below 20%, for pellets
production it should be below 12-14%.

The fuel characteristics of biomass of agricultural origin are specific and
differ from wood biomass (that is are worse), which requires a more thorough
approach to the choice of energy equipment and the organization of the process of
combustion. For example, straw contains chlorine and alkali metals, which means
that in the process of its combustion, some chemical compounds such as sodium
chloride and potassium chloride are formed. These compounds cause corrosion of
steel elements of energy equipment, especially at high temperatures. Another
feature of straw as a fuel is the relatively low melting point of ash (900 — 1000°C),
which can lead to the slugging of elements of energy equipment. Fortunately,
today in the world there already exist some constructive and other technological
solutions that minimize these negative impacts and allow to use straw as a fuel
successfully [7].
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VIIK 633.71: 631.5 (477.43+477.85)
EKOHOMIYHA JOLIJIBHICTH TA MPOJAYKTUBHICTD TIOTIOHY
3AJIEJKHO BIJI CHCTEMM JKUBJIEHHSI B TPYHTOBO-
KJIMATUYHHUX YMOBAX JICOCTEMY 3AXIJTHOT'O

Pyab A.B., acniipant kadenpu poCIMHHUIITBA, CEJEKIli Ta HACIHHULITBA
Xomina B.A., noxTop c.-r. HayK, npodecop, 3aBiayBau Kadeapu pOCIMHHHIITBA,
CEJIEKIIIT Ta HaCIHHUIITBA

3axnan Bumioi ocBiTH «IloninbChkuil AepKaBHUN YHIBEPCUTET)

Beryn. BrnponmoBk OcTaHHIX BOCBMH POKIB CIIOCTEPITa€ThCsl TEHACHLIA 0
PO3IIMPEHHSI IO 1]l TIOTFOHOM B YKpaiHi, 3pOCTa€ HAyKOBUM Ta MPaKTUUHHM
1HTEepec J0 BHUPOIIYBaHHS KyJbTypu. HaykoBa CHijbHOTa ChOTOJIHI BHUBYAE Pi3HI
MUTaHHS arpOTEXHIKA BUPOIIYBAaHHS TIOTIOHY B PI3HHUX IPYHTOBO-KITIMATHYHHX
yMOBax YKpaiHu.

HayxoBisimu TepHOMIIBCHKOI IepKaBHOT CLIILCHKOTOCTIOAAPCHKOT AOCIITHOT
cranmii IKCI'TT HAAH BctaHoBieHO €heKTUBHICTh 3aCTOCYBaHHS 1HCEKTHIIUIIB
®dactak 1 Kondimop Makci npu BupollyBaHHI THOTIOHY [l1]. YmgockoHaneHa
eKOJIOTIYHO Oe3MeYHa PecypcoollajHa TEXHOJIOTiS BUPOIIYBAHHS TIOTIOHY, Ha
nymky Ilamenko B. ta I'aBpumiok O., MOX€ BKJIIOYATH 3aCTOCYBAHHS IMPOTU
3nakoBux Oyp’siHIB repOinuaun Prosinag dopre ta Tapra Cymep [2]. B ymoax
XMeTbHUYYMHU BUBYABCS BIUIMB CUCTEMH YJOOpPEHHS Ta KUTBKOCTI MPOBEIACHUX
JIOMOK Ha YpOXKalHICTh JIUCTKIB Ha HACIHHEBY MPOAYKTHUBHICTh PI3HUX COpPTIB
TIOTIOHY [3, 4]. 3HauHa yBara NMPUAUIAETHCS CTBOPEHHIO HOBUX COPTIB TIOTIOHY.
['mogzuk-Illemora M.IO. y cBoOiil HayKOBi# CTAaTTi 3A1MCHUB aHaJ13 Ta y3araJlbHUB

pe3yJbTaTH JOCIIKEHb HAYKOBIIIB PI3HUX CEJICKIIMHUX YCTAHOB, IO JO3BOJIUJIO
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