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1. BIOJIOT'TYHI ACIIEKTH
POC/IMHHHUX YI'PYITIOBAHD

VK 504.062.2

A. ZAPALOWSKA', U. BASHUTSKA’

THE ACQUISITION OF WOODY BIOMASS
FOR ENERGY PURPOSES IN POLAND AND UKRAINE

Faced with the fact of dwindling conventional energy resources, coupled with increasing fuel consumption
by many sectors of the economy, efforts are currently being focussed on improving methods aimed at increasing
the share of energy from renewable sources. This situation mobilizes the European Union countries seeking it in
different sectors, especially in agriculture and forest areas. Forest biomass in the form of logging residues from
cutting or felling timber from thinning are some of the sources of timber harvesting waste for energy purposes.
The paper, based on a review of the literature, shows the acquisition system of woody biomass from forests and

aspects of using it for energy purposes.
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Introduction. Human activity and interactions at
all levels require the acquisition and consumption of
energy and fuels no matter what the living standards
are. Biomass energy continues to be a major source
of energy and fuels. Woody biomass, a topic that has
received much attention over the past decade, has
always been an important source of energy. It includes
trees and tree residues (e.g. tree removals, prunings)
as well as wood manufacturing residues (e.g. sawdust,
bark, culled wood). Woody biomass is the solid portion
of stems and branches from trees or residue products
made from trees. It can come from a variety of sources,
including: non-timber tree removal (removing dead and
dying trees, unwanted urban trees), forest management
harvesting (the removal of small diameter trees from
overpopulated stands for wildfire hazard fuel reduction,
pre-commercial thinning of timber stands, or forest
health improvement), timber harvesting and logging
residues (non-merchantable wood including branches,
undersized trees, and non-commercial species removed
during typical timber harvesting operations), sawmill
and other wood manufacturing residues (includes
bark, undersized and defective wood pieces), landfill
diversion (wood debris from tree removal and
pruning, construction, demolition, discarded shipping
materials and other trashed wood products), chaparral
management (removal of excess woody shrubs and
plants for wildfire fuel hazard reduction or other
vegetation management goals) and dedicated forests
(fast growing trees grown specifically for biomass

markets [13]. The concept of biomass Polish legislation
explains in the Ordinance of the Minister of Economy
of 18 October 2012 (Journal of Laws 02012, poz.1229)
and in the Act on Renewable Energy Sources of 20
February 2015 (Dz. U. 2015 pos. 478). Ratajczak
and Bidzinska [20] mention forestry, timber sector,
public utilities and agriculture as a primary source
of wood biomass being a good source of energy. The
largest forest biomass resources in Poland are found
in the western and northern provinces of country [4].
According to the Central Statistical Office on 31
December 2014 forest land area in Poland amounted to
9,435 thousand hectares which corresponded to 29,4%
of woodiness, while referring to the land area — 30,8%
[4]. In Poland there are mostly public forests — 80,9%
including State Forests — 77,1% of the total area [4].
The total area of forest land in Ukraine is 10,8 million
hectares. The area covered by forests is 9,657 thousand
hectares, which represents 16% of the territory [4].
The forests of Ukraine are distributed very irregularly
over the country as a result of climatic conditions and
anthropogenic impacts over a long period of time. The
largest forests territories are concentrated on the north
and on the west parts of country, in Polissya zone and in
the Ukrainian Carpathians. Coniferous forests occupy
42% of the total forested area, including pine that
dominates on 32% and spruce and fir that cover about
10%. Hardwood species cover 43%, of which European
oak and common beech dominate at 32%, and almost
15% of the forest area consists of softwood broadleaves
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and shrubs [14]. Forests in Ukraine belong mainly to
the public sector — 66% of the forest fund is managed by
the State Forestry Committee, 26% — by the Ministry of
Agrarian Policy and 2% — by the Ministry of Defense.
Private forests are less than 1% of the forest fund [12].

Materials, methods and research requirements.
Based on available reports, yearbooks, statistical studies
and publications related to energy use, comparative
assessment and prospects for energy development
from woody biomass in Poland and Ukraine has been
prepared. The most important indicator assessing
potential of wood as an energy feedstock, is the obtained
timber with its different types. To determine the forest
biomass in Poland it has been taken into account the
forecast for 2020 prepared by Polish Chamber of
Biomass, the growth of forest biomass resulting from
increasing forest area and modernization of forest
management [4].

The potential of forest biomass in Ukraine was
evaluated for the entire forested area, which amounts
to 9,4 million hectares (15,6% of the territory of
Ukraine) [4]. Energy yields are often expressed as Net
Calorific Values. These values increase as moisture
content in wood is reduced. All costs associated with
transport, storage and biomass collection as well as
costs of electricity, amortization, repair, maintenance of
machines and employee compensation must be taken
into consideration [4].

Results. The total area of forest land in Ukraine
1s 10,8 million hectares. Forest biomass resources in
Poland and Ukraine are comparable, while in Ukraine
the percentage area covered with forests is almost two
times less than in Poland (tab. 1) [4].

Table 1
The area of forests in Poland and Ukraine [4]
Country Forestarea
[thous. ha] [% of the land area]
Poland 9,435 30,8
Ukraine 9,657 16,7

According to the report “Potential of biomass
for energy in Ukraine, 2010” theoretical potential
of forest biomass in Ukraine amounts to 312,24 PJ,
PJ technical 89,08 (1PJ=10" Joules) (tab. 2). Nearly
35% of the total forest biomass for energy purposes
is concentrated in Polissya (forest zone), 30% in the
Carpathian Mountains and Forest Steppe zone and 5%
in the Steppe zone of Ukraine. From an economic point
of view, it is most preferred using biomass energy in the
Carpathian region. Carpathians forests are characterized
by a maximum density of biomass energy (457,2
kJ- m?), while in Polissya there is 255,8 kJ- m™, in Forest
steppe — 144,2 kJ- m?, in Steppe — 36,5 kJ- m™. At the
same time, a significant part of the Carpathian forest is
not available due to lack of forest roads. Over the past
50 years, a wooded area in Ukraine has increased about
1,5 times through extensive reforestation programs [4].

However, the amount of forests in some areas is still far
from optimal (steppes).
Table 2
Estimated potential of forest biomass
in Ukraine, PJ [14]

Type of forestbiomass |Theoretical*| Technical**
Stemwood 263,72 49,95
Primary forestresidues 28,70 22,63
Secondary forestresidues 19,82 16,50
Total 312,24 89,08

*(Maximum amount of biomass available within

biophysical limits), **(Fraction of theoretical potential that
is available within technological possibilities (eg. processing
techniques, infrastructure, and accessibility)

According to Bartoszewicz-Burczy [1] the potential
market of forest biomass for energy purposes in
Poland in 2020, will amount to 12,7 million tonnes
(ie. Approximately 16 mln. m* of wood), of which 6,4
million tonnes will come directly from the forest and
6,3 million tonnes will come from wood industry (tab.
3).

Table 3
The economic potential of forest biomass
in Poland in 2080 [1]

Specification Units of} 5516120302050 [ 2080
measure

The potential
of forest biomass |\ r 16 431 6.95(7.89]9.47
derived directly
from forests
Biomass from Mt |630]680]7.71]9.25
woodindustry
Total economic
potential of Mt |12,73|13,75|15,60]18,72
biomass

Wood, in general, is composed of polymers, which
are large organic molecules of lignin and carbohydrates
(cellulose and hemicellulose) that are physically and
chemically bound together (tab. 4). Different species
types have varying amounts of cellulose, hemicellulose
and lignin [8].

Table 4
Chemicals share in the wood, %][17]
Substance Softwoods [%]|Hardwood [%]

|Cellulose 40- 60 35-55
Hemicellulose 7-15 19 -21
Lignin 25-35 22-30
Pecticsubstances 4-5 6-12
Protectivesubstances 3-4 2-3

The most important thermo-physical parameter is
calorific value depends on chemical composition and
wood moisture [10]. Wood, thanks to the high carbon
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content (about 50%) is considered as a very attractive
fuel material [23]. Its calorific value with moisture
content about 50% (directly after cutting the tree) is at
level of 10-12 MJ-kg'and with 15-20% (after drying) —
up to 18 MJ-kg' [11]. Timber is divided into dry (20%
moisture), air dried (25% moisture), semi-dry (35%
moisture) and fresh (over 35% moisture). The moisture
content of wood varies greatly and plays a large role
in determining the most suitable energy conversion
process. The most popular species of firewood is
beech (7913,67 MJ-mp™). Oak and ash have calorific
value of 7553,96 MJ-mp'.Deciduous alder shows the
lowest energy value 5395,68 MJ-mp™'. Calorific value
of conifer species as fir, larch and pine is in the range
from 5395,68 to 6115,11 MJ- mp™'. Biomass has about
four times more oxygen than the coal and two times
less carbon, sulfur and nitrogen (tab. 5)

Table 5

Comparison physicochemical properties
of biomass and coal [2]

Component Unit Biomass Carbon
|Carbon % 44,0 - 51,0 | 75,0 - 85,0
Hydrogen % 5,5-7,0 4,8-5,5
|Oxygen % 41,0-50,0| 8,8-10,0
(Nitrogen % 0,1-0,8 1,4-23
|Chlorine % 0,01-0,7 | 0,04-0,4
The volatiles % 65,0 -80,0135,0-42,0

The composition of fly
SiO, % 26,0 - 54,01 18,0-52,3
ALO, % 1,8-9,5 [10,7-33,5
|Ca0 % 6,8-41,7 | 2,9-25,0
Na,O % 0,4-0,7 0,7-3,8
K O % 6,4-143 1 0,8-29
PO, % 0,9 -9,6 0,4-4,1

Forest biomass harvesting technologies
for energy purposes

Interest in woody biomass from forests has increased
recently. However, getting woody biomass form the
forest to the consumer presents economic and logistical
challenges. Taken together, all aspects of woody
biomass removals from markets to mechanization,
are evolving. Increasing interest in forest biomass
resulted in development of techniques and technologies
for more efficient and easier acquisition, processing,
storage and transport [2]. The residues generated from
the forest products industry may be divided into two
parts; that which results from harvesting and extracting
logs from the forest, and generally considered of no
economic use for further processing, and that, which
is generated by the forest industries themselves
during the process of manufacturing timber, plywood,
particleboard, and the like. There are three basic sources
of forest woody biomass, these are: logging residues
from final fellings, small seized wood e.g. from early
thinning and stump wood. Medium sized timber is

designed for both individual and heating plant. Bought
by individuals it is used for combustion in household
stoves, and fireplaces. The most commonly technology
used by large companies that buy raw material is
chip production with the main operation of chipping
performed with a chipper on a forwarder undercarriage
[13]. A commonly used solution are drum chippers,
which can be attached to the tractor or mounted on the
chassis attachment, forwarders or high-tonnage cars.
Stationary chippers are mounted on terminals and final
consumer depots. Residues are used in heating and
power plants. An important activity in acquiring raw
materials is collecting wood remains. Remains are being
stacked close to exit tracks. Then they are transported
by self-loading trailers designed to be connected to
tractors or forwarders. Making wood remains into bales
is becoming a popular treatment [2]. The raw material
in form of bale is being loaded into containers or timber
trucks with side boards. Then the bales are exported
to storage yard or to the customer directly, next they
are being chipped. For the raw materials acquisition
mostly axes and chainsaws are used while skidding
is performed by tractor engines. Each stage of the
production process generates waste and by-products.
It is estimated that after wood processing in carpentry
manufacture 6% of wood waste is sawdust. In sawmills
the amount of this material reaches 10%. When using
high pressure and temperature, pellets can be obtained
from sawdust [5]. The resins, which are natural wood
constituents, under certain conditions allow to produce
pellets without any additional adhesives. Pellet is a
stable fuel, easy to transport and storage, and does not
pose major problems. It is an attractive raw material
compared with other types of fuel. It is characterized
by a relatively high calorific value, low moisture
content (about 10%) and ash (less than 1%) as well as
an environmentally harmful substances [7]. Calorific
value of pellets is similar to the inferior quality of coal
(tab. 6).

Table 6
The energy value of selected fuels
The
: . Sulfur-
Fuel calorific Mozsture Ash [%][ content
value [%] [%]
MJkg 0
Briquette, | 16 _20,0(4,3-10,0{0,5 - 3,0/0,03 - 0,08
pellet
. 20,0 -
Firewood | 13,4 - 13,8 250 3,2-4,5]0,03 - 0,08
10,0 -
|Coal 17,0-32,013,0-7,0 25.0 0,7-1,2
10,0 -
Coke 27,0-29,5(1,0-5,0 11.0 0,65 - 0,8
18,0 -
Straw 12,0 - 14,9 2.0 6,0 0,16
Ijﬁ’atmg 40,0-42,0| 0,01 | 0,005 | 0.2-1,0
Source:http://brykietkominkowy.pl/wartosc-energetyczna-

brykietu-i-peletu.php
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Discussion. From the dawn of history forests have
always been important to human civilization. Besides
their protective, ecological, regulatory and social
functions, they are a primarily source of energy [19].
Raw material obtained in the forest are in different
form, from round wood and chips to bales made from
branches. The large area of forest land in the EU-28
makes forest biomass and wood waste (sawdust, chips,
pellets and briquettes) useful for energy purposes.
Technologies using biomass for processing into heat
energy and electricity are among the cheapest and most
environmentally friendly. In 2010, the countries of the
European Union consumed 167.4 Mtoe of wood, of
which 71.1 Mtoe has been used for energy production
[18]. Biomass combustionis one of the future methods for
electricity and heat. Itis the world‘s fourth largest energy
source worldwide, following coal, oil and natural gas.
Poland and Ukraine have one of the greatest potentials
of biomass in Europe. One of the significant barriers
that reduce biomass resources for energy purposes is
the legal protection of natural areas (National parks,
nature reserves, landscape parks, protected landscape
areas, documentation sites, ecological areas and natural
monuments) [3, 16]. In Poland, share of renewable
energy in 2020 is expected to be about 15% [21].
Combustion of biomass in Ukraine can turn to 2,6
billion m? of natural gas. It is assumed that by 2020 the
amount of electricity from biomass in Ukraine will be
comparable to the equivalent of 7,7 billion m* of gas [9].
Share of renewable sources in the energy balance in
Ukraine is much lower than in Poland. Contribution of
renewable energy in gross final energy consumption in
2013 in Poland amounted to 11,25%, while in Ukraine
reached 3,45% [22].

Conclusions. Rising interest in renewable energy
is pushing towards searching for new technologies
based on forest biomass. Biomass acquisition is
a concept that integrates multifaceted aspects. An
increase in demand for forest biomass requires its
accessing as well as appropriate equipment and work
organization. The biomass combustion in various form
is the basic historical form of its use. Analysis of the
existing methods for energy utilization from forest
biomass confirm the potential of its high energy value.
In terms of energy efficiency the most efficient are
processes of heat extraction from the combustion of
biomass characterized by relatively low humidity. The
parameters and properties of coal are comparable with
the properties of the biomass. The differences are in
proportions of basic elements, and this results in a high
volatile content. Technological process has an impact
on efficiency and effectiveness of forest biomass
acquisition. Therefore appropriate technology should
be used for efficient biomass processing.
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Rynek

A. 3ananoecka, Y. bawyyvka

OTPUMAHHSA JEPEBHOI BIOMACH
3 EHEPTETUYHOIO
METOIO Y ITOJIBIIII TA YKPAIHI

B yMoBax BuuepnaHHs TpaJuLiiHIX eHEePreTHIHUX
pecypciB 3yCcHIIIs 30CEPEIKYIOTHCS Ha BIOCKOHAJICHH]
METO/IB 301IbIIIEHHS YaCTKH SHEPIii i3 BiIHOBIIOBAHUX
mxepen. Lle cmonykae kpainu €Bpomneiicskoro Coro3y
IIyKaTH ii B 6ararbox raiyssx, 0COOIHUBO Y CUTECEKOMY
Ta JIICOBOMY TocmomapcTBax. JlepeBHa 6iomaca y BH-
I TOPYOKOBUX 3JIMINKIB BiJl 3arOTiBJIi JICPECBHHH
9H BiJl pyOOK MOTISAY € OJHHM i3 JKepen JIico3aroTi-
BEJIbHUX BIIXOAIB B €eHEPTETHYHUX IIIISX.

Haii6inemmi 3anacu micoBoi 6iomacu y Ilombmii 30-
Cepe/DKEeH1 y 3aXi/IHUX 1 MIBHIYHUX MPOBIHINIAX KPaTHH.
3a nanumu LleHTpanbHOro CTaTHCTUYHOTO YIIPaBIiHHS,
Ha 31 rpyaus 2014 p. mioma gicoBux yriap y [oasmri
craHoBmia 9435 Tuc. ra. BinbHIicTh MOJIBCHKUX JIICIB
(80,9%) € nepxaBHOI (POPMHU BIACHOCTI.

B VYkpaini nicamu Bkputo 9657 TuC. ra, 1o CTaHO-
BUTH 16% TepuTopii. Jlicu Ykpainu po3nofiieHi HepiB-
HOMIPHO TIO KpaiHi BHACHIJOK KIIMaTHYHHX yMOB Ta
AQHTPOTIOTCHHUX BILTUBIB IIPOTATOM TPUBAJIOTO TEPioLy
gacy. HaitOueImi J1icoBi TepUTOpIi 30CepemKeHi v miB-
HIYHIN Ta 3axigHil YacTHHAX KpaiHd, B YKpaiHCBKOMY
[Tomicci Ta B Ykpaincekux Kapmarax. Jlicu B YkpaiHi
MEPEeBaYKHO HAJIEXKaTh JiepikaBi — 66% nicoBoro GoHITY
nepeOyBae y BifaHHi [lep)kaBHOTO KOMITETY JIiCOBOTO
rocriofapcTsa, 26% — MinictepcTBa arpapHoi moJiTu-
ku, 2% — MinictepctBa 06oponu. YacTka npuBaTHUX
JIiciB CTAaHOBUTH MeHIe 1% Bif JicoBoro (GoHmy.

[lotenmian micoBoi 6iomacu B YkpaiHi OIliHEHO 1O
BCiH nicucTii micueBocti. Buxia eneprii yacto Bupa-
’KA€ThCA y BUINIAIl BEIMYUHHU TEIUIOTBOPHOI 3/aTHO-
cTi. [i 3HaueHHs 301MBIIY€ETHCS, SIKIIO BMICT BOJIOTH
B JIepeBUHI 3HIDKYeThcsa. [loTpiOHO BpaxoByBaTu BCi
BUTpATH, [OB’s3aHi i3 MepeBe3eHHIM, 30epiraHHsIM Ta
300pom OiomMacH, a TaKox BUTPATH Ha EJICKTPOCHEp-
Iif0, aMOPTH3ALIII0, PEMOHT, TEXHI4HE 0OCIyrOByBAHHS
MaIlliH 1 KOMITeHcallii mpamiBHUKaM. 3 €KOHOMIYHOTO
MOy, HAWKpaIuM € BUKOPUCTAHHS €Hepril nepes-
Hoi Giomacy y Kapriarcekomy perioni. Kaprarceki sticn
XapaKTePH3YOThCS] MAKCHMaJIbHOIO IIBHICTIO CHEPrii
Oiomacu mopiBHAHO 13 HacamkeHHAMH llomices, mico-
CTEIIOBOI Ta CTENoBOi 30HU. BogHouac, 3Ha4Ha yacTu-
Ha Kapnarcekoro Jiicy He JOCTyITHa yepe3 BiACYTHICTh
JIICOBHX JIOPIT.

[loTeHuifinuii puHOK JTicOBOI OiomMacu ais €Hep-
rernuHux niged y [ompmi y 2020 p. craHoBUTHME
12,7 maH 1 (Onuspko 16 MIH M® fAepeBHHHN), 3 SIKHUX
6,4 MiaH T OyAe HaIXOIUTH OE3MOCEPENHBO 3 IJICY
i 6,3 MIIH T — Bil JIepeBOOOPOOHOI MPOMHUCIOBOCTI.
[Monbia 1 YkpaiHa MarOTh OAMH 3 HAHOUIBIIMX MMOTCH-
mianiB 6iomacu B €Bporri. OnHUM 3 icTOTHHX Oap’epiB,
AK1 3MEHIIYIOTh PeCypCH Oiomacu st CHEPTeTHIHUX
Lieli, € IpaBoBa OXOPOHA NPUPOJHUX TEPUTOPIii (Ha-
LIOHAJIbHUX MAapKiB, 3alOBIAHUKIB, JaHAMA(QTHUX
MIAPKiB, 110 OXOPOHSIOTHCS, JaHAMAPTHUX 30H, TOKY-
MEHTaIlisI 00’€KTIiB, EKOJIOTIYHHUX PalOHIB 1 HaM’SITOK
npuponu). Y HOJ‘ILHII YacTKa ITOHOBJIIOBAHHUX JDKeE-
pen eneprii y 2020 p., 3a O‘IIKYBaHHS{MI/I CTaHOBUTH-
Me Omm3bko 15%. YacTka BiJHOBIIOBaHHX JKEpen B
eHepreTHYHOMy OanaHci B YKpaiHi € 3HaYHO HMXKYOIO.
BHecok NOHOBJIIOBaHUX JKEpes eHeprii 10 BajloBOIO
KiHLeBoro criokuBaHHs eHeprii B 2013 p. y IMoapmri
craHoBuB 11,25%, Toxi sk B Ykpaini — 3,45%.

KurouoBi ciioBa: nepepHa 0iomaca, eHepris, mopyo-
KOBI 3aJIMIIKH, THPCA, TPAHYJIH

A. 3ananoecka, ¥. bawyuxkan

MNOJYYEHUE I[PEBECHOIZI BUOMACCHI
C OHEPTETUYECKOMU LEJbIO
B IOJIBIIIE 1 YKPAUHE

B ycnoBusx ucuepmanus TPaaULMOHHBIX JHEPre-
TUYECKUX PECYPCOB BCE OOJNbBIIE YCHIUNA COCPEOTO-
YUBAETCS HA COBEPIIICHCTBOBAHUH METOIOB yBEJIHYE-
HUS JIOJICBOTO YYacTHsl DHEPTHH W3 BO30OHOBIISIEMBIX
HCTOYHUKOB. JTO MOOYXKITaeT cTpaHbl EBporeiickoro
Coro3a ucCKkaTh €e BO MHOTHX OTPAacCisiX, 0COOEHHO B
CEJILCKOM U JIECCHOM XO3siicTBaxX. [IpeBecHas 6momMacca
B BHJIE TOPYOOYHBIX OCTATKOB OT 3arOTOBKH JIPEBECHHBI
WA OT pyOOK yXona SIBISIETCS] OHUM W3 HCTOYHHKOB
JIECO3arOTOBUTEIBHBIX OTXOAOB B OJHEPreTHYECKHUX
LEJISIX.

HauGonpmme 3anacel jecHoit 6uomaccel B [loib-
1€ HAXOASATCS B 3alaJHBIX U CEBEPHBIX MPOBUHIUSIX
crpanbl. [lo ganapiM LleHTpanpHOrO CTaTUCTUYECKO-
ro ynpasieHud, Ha 31 nexaOps 2014 r. miomanp Je-
cHbIx yroguit B Ilombmie cocrtaBnanma 9435 ToIc. ra.
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Hayxkosi npaui JliciBHu40i akagemii Hayk Ykpainu: 30ipHMK HAyKOBHX Npanb

BonpmmacTBO osekux necos (80,9%) apnsieTcs rocy-
TapCTBEHHOH (DOPMBI COOCTBEHHOCTH.

B Vkpaune necamu mokpeiTo 9657 ThIC. Ta, 4TO
cocrasmser 16% tepputopun. Jleca VYkpaunsl pa-
crpezieNieHbl HEPaBHOMEPHO IO CTpaHe B pe3yibTare
KIIMMAaTHYECKUX YCIOBUH M aHTPOIOTEHHBIX BO3JCH-
CTBUA B TEUEHHE MJIUTEIBHOIO IMEPUOJIa BPEMEHH.
Kpynneiiine necHble TEPPUTOPUU COCPEIOTOUYECHBI B
CEBEPHOW M 3allaJHOM 4acTAX CTpaHbl, B YKPaHMHCKOM
[Tonecwe u B Ykpaunckux Kapnarax. Jleca B Ykpaune
MIPEUMYIIECTBEHHO MPUHAAJIEKAT TOCyaapcTBy — 66%
necHoro Qonma HaxoouTCs B BejeHUn [ocynapcTBeH-
HOTO KOMHUTETA JIECHOTO X03siCTBa, 26% — Munucrep-
CTBa arpapHoi monutukd, 2% — MuHHcTepcTBa 000-
poubl. YacTHbIE Jeca cocTaBisitoT MeHee 1% mecHoro
dhonma.

[ToTenmman necHoi OMoOMacchl B YKpaWHe OICHHU-
BaJld MO BCEH JIECHCTON MECTHOCTU. BbIXon sHepruu
4acTO BBIPAKAETCS B BUJIE€ BEJIMYWHBI TETUIOTBOPHOMN
cnocooHoctu. EE€ 3HaueHHWe yBeIMYMBACTCS, €CIH
COZIep)KaHWEe BJIaTW B JpeBecuHe cHIbKaercsa. HeoO-
XOIMMO YYHMTBIBaTh BCE PACXOJbl, CBSI3aHHBIE C Iie-
PEBO3KOM, XpaHEeHHEM U cOOpOM OMOMACCHI, a TaKXkKe
pacxozbl Ha 3JIeKTPO3HEPTHI0, aMOPTU3ALIMIO, PEMOHT,
TEXHUYECKOe O0CTY)KMBaHHE MAlIHMH M KOMIICHCAIHN
pabotankaM. C SKOHOMHYECKON TOYKH 3PEHUS, BBITO/I-
Hee WCIOJIb30BATh HYHEPTHIO JAPEBECHOW OMOMACCHI B
Kapnarckom pernone. Kapnarckue neca xapakrepusy-

FOTCS MaKCHMAaJIbHOM TIOTHOCTBIO SHEPTrUU OHoMacchl
B CpPaBHEHUU ¢ HacaxacHUsIMU Ilonecks, necocTenHon
U CTEIHOM 30HBI. B TO ke Bpems, 3HAYUTENIbHAS 4aCTh
Kapnarckoro neca He [0oCTyIHA M3-3a2 OTCYTCTBUS Jie-
CHBIX JIOpOT.

[ToTeHMaNBHBIA PHIHOK JICCHOW OMOMACCHI IS
sHepretudeckux uened B Ilonpime B 2020 1. cocra-
BUT 12,7 MutH T (OKoJI0 16 MITH M® ApeBeCHHBI), U3 KO-
TOpBIX 6,4 MITH T OyJeT MOCTyNnarb HEMOCPEACTBEHHO
u3 jgeca u 6,3 MIH T — OT JepeBooOpadarsBaromIei
npoMbinuieHHOCTH. Ilonbma u YkpanHa UMET OfMH
13 KpynHeHmux moTeHnuajaoB Ouomaccel B EBpore.
OnHUM H3 CYIIECTBEHHBIX 0aphEPOB, KOTOPBIE YMEHbB-
LIAI0T PECypChl OMOMAacChl AJIsl FHEPTETUUECKUX LENEH,
SIBJISIETCSl TIPaBOBasi OXpaHa NPHUPOAHBIX TEPPUTOPHUI
(HalMOHAJIBHBIX I1APKOB, 3allOBEAHUKOB, JaHImag-
THBIX IHapKOB, OXpPaHSIEMbIX JaHAAQTHBIX 30H, JO-
KyMEHTauusi OOBEKTOB, 3KOJIOTMYECKHX pPAalOHOB U
namsTHUKOB mpupoabl). B Ilonbmie noneBoe yuactue
BO300OHOBJISIEMBIX UCTOYHHMKOB 3Hepruu B 2020 r., co-
[JIACHO OXKUJAHHUSAM, cOCTaBUT okoio 15%. JlomeBoe
ydacTre BO30OHOBISIEMBIX HCTOYHHKOB B 3HEpreTHYC-
cKoM OanaHce B YKpauHe 3HAYMTEIbHO HIKe. Brian
BO300HOBIISIEMBIX MCTOYHUKOB DHEPTHH B BaJOBOE KO-
HeuHoe noTpebnenue suepruu B 2013 1. B [lonb1e co-
craBun 11,25%, B To Bpems kak B Ykpaune — 3,45%.

KuioueBble ci10oBa: qpeBecHas 6romacca, SHeprs,
OPYOOUHBIE OCTATKHU, OIMIIKH, [PaHyJIbI
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