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Summary. The authors analyzed the prospects and directions of these components industry that are based
on analysis of specific performance of the fuel and energy complex of Ukraine in general and in particular the
coal industry from 2010 to 2015, as well as major restructuring of legislation and public-private partnerships. The
question of diversification of sources and routes of coal delivry and changing of the structure of energy balance
by increasing of their share in solid energy under the context of energetical security was investigated. The changes
in the structure of fuel consumption by thermal power plants due to temporary loss of control over the part of
territory of Ukraine were studied and the main task to preserve the functionality of the coal industry was defined.
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Problem setting. Over the past 25 years of independence, organizational restructuring
has become a constant factor in reforming the fuel and energy complex (FEC) of Ukraine, but
instead of taking measures to reform the industry, such objects as thermal power plants (TPP),
thermal power stations (TPS), coal mines and coal enrichment plants were becoming
increasingly neglected, despite numerous state subsidies into powerful private entities. Loss of
control over a large part of coal mining and thermal generation companies due to the armed
conflict in the so-called Donetsk and Luhansk people's republics has furhter deteriorated solid-
fuel power industry condition.

One of the key features of the TPPs design and functioning is their focus on local fuel
field bases, with maximum burning efficiency due to the specific boiler equipment and
optimizing fuel supply routes. During 2010-2013 domestic coal market was mostly balanced,
and met power stations' requirements of solid fuel both in the amount and brands, but the loss
of control over a part of the territory broke the equilibrium. Considering all these factors it can
be stated that for its proper development the industry needs implementation of energy saving
policy to reduce specific fuel consumption for the production of electricity and thermal energy
to the corresponding levels of the US and EU, together with the substitution of natural gas and
other expensive fuels used in thermal power plants of Ukraine with the energy coal of its own
production [1].

Analysis of the known research results. Status and Strategy of the energy industry is
constantly in the spotlight of experts in terms of improvement of energy and environmental
efficiency, as well as diversification of fuel supply. Some issues related to the statistical
characteristics of the energy industry in Ukraine are considered in the works of the following
authors: L. Abalkina, J. Benko, A. Chervinska, Yu. Bazhal, A. Hal'chyns'kyi, V. Geyets,
M. Herasymchuk, B. Stohniy, S. Kozachenko, V. Perebyjnis, A. Kovalenko, S. Yampolsky and
others. Examples of tasks considered and the results obtained are given in [2-4].

However, despite the existing theoretical developments concerning the development of
the domestic energy sector, topical issues of diversification of sources and routes of energy coal
and changing the structure of energy balance by increasing their share of solid energy in the
context of energy security remain unresolved.
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Research Objectives. Investigation of FEC of Ukraine condition over the past 5 years,
the economic balance of power coal market between producers and consumers, changes in the
structure of Ukrainian TPP fuel consumption due to the state's loss of control over part of its
territory, and ways out of the situation.

Statement of the material. The question of the energy industry development in the
economic context, implementation of fundamental reforms in the coal industry and
opportunities for TPP transition to non-project Solid Fuel types (NSF) in the current situation
requires a more detailed study of the dynamics and structure of the domestic fuel industry.

The basis of the power industry is the integrated power system (IPS) of the country,
which provides electricity to domestic consumers and carries out its exports and imports. UPS
has eight regional electric power systems connected by power lines, as well as interstate power
lines. More than 1 million km of power lines are in operation [5].

In 2015, the actual amount of energy produced by power plants of Ukraine amounted to
157,634.8 million kWh, which is 24,310.2 million kWh, or 13.4% less than the amount
produced in 2014. TPP in particular produced 49,386.3 million kWh, which is 19,083.2 million
kWh or 27.9% less than in 2014. Meanwhile TPS produced 6,075.4 million kWh, which is
463.5 million kWh, or 7.1% less than in 2014. Nuclear power plants (NPP) produced 87,627.6
million kWh, which is 761.6 million kWh, or 0.9% less, compared to 2014. In 2015
hydroelectric power plants (HPP) and pumped-storage plants (PSP) produced 6,808.4 million
kWh, which is 2,283.9 kWh or 25.1% less than their 2014 output. TPP and TPS output share in
IPS in 2015 was in total 35.2%, whereas nuclear power generation and the general output of
both HPP and PSP amounted to 55.6% and 4.3% respectively [6].

As we can see, the trend remains unchanged, i.e. the leading role in the energy sector
belongs to nuclear and thermal power plants, but, if compared to 2010, in 2015 both TPP and
TSP power generation decreased by 87,627.6 million kWh, thus falling by 28.9% (Table. 1).
The decline in thermal energy is associated with the loss of control over part of the state
territory, where the main deposits of AG/AC (Anthrazit Gestiibbe / Anthracite chippings) coal
rank, the rank, most of TPP ans TPS coal boilers designed for, are located, whereas the
controlled part of the country has significant reserves of G (Gaskohle / Gas coal) and GF
(Gasflammkohle / Gas flame coal) coal ranks.

Table Nel

Dynamics and structure of electricity production in Ukraine for 2010-2015 years

2010 2013 2015
million total million total million total
kW/h production | kW/h | production | kW/h |production
percentage percentage percentage

Electricity productionin ;g5 g99 3| 100.0  193,563.4  100.0 |157.634.8 100.0

Ukraine
TPP and TPS 77,977.3 41.5 86,579.5 447 55,461.7 35.2
HPPand PSP 12,952.5 6.9 14,215.2 7,3 6,808.4 4.3
NPP 89,151.4 47.4 83,209.4 43.0 87,627.6 55.6
AES 6.3 1,247.0 0.6 1,591.1 1.0
IGP and municipal TPS 7,811.8 4.2 8,312.3 4.3 6,146.0 39

Please note that electricity production by isolated generating plants and other sources
for 12 months of 2015 was 6,146.0 million kWh, which is 1,644.0 million kWh, or 21.1% less
than in the corresponding period of 2014.

Alternative electricity sources (wind farms, solar power plants, biomass) for 12 months
of 2015 amounted to 1,591.1 million KWh, which is 74 million KWh, or 4.4% less than in the
corresponding period of 2014.
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At the beginning of 2015 power plants had in stock the following amounts of fuel: coal —
1,457.9 ths. tons, oil — 112.1 ths. tons (at the beginning of 2014 4,246.6 ths. tons and 116.7 ths.
tons respectively). The total amount of coal supply to power plants during January-December
2015 amounted to 29,984 ths. tons, which is 1,578.1 ths. tons less than in January-December
2014. Coal consumption amounted to 28,637.6 ths. tons. [6].
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Figure 1. Dynamics of coal reserves at warechouses TPP and TCP 2014-2015 years

During the 2010-2013 domestic steam coal market was practically balanced, thus
meeting thermal power plants' need for solid fuel and its distribution by its brands, as well as
the amount and quality characteristics that allowed to abandon gas and black oil fuel
"backlighting" and reduce the share of gas in thermal power plant fuel base to 2%, i.e. the costs
of firing boilers. [7].

However, due to the outbreak of hostilities in eastern Ukraine and temporary loss of
control over the mentioned territory there have been significant changes in the structure of TPP
fuel supply, namely the lack of AG (Anthrazit Gestiibbe) and M (Magerkohle / Nonbaking coal)
coal ranks.

Significant reserves of G (Gaskohle) and GF (Gasflamkohle) coal ranks sa well as their
production capacities still exist in controlled territory. In 2015 DTEK coal mines mainly
provided "DTEK Energy" LTD power plants that use G coal with its own coal production.
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Figure 2. Annual deliveries to TPP grades of coal

146 . e ISSN 1727-7108. Scientific Journal of the TNTU, No 3 (83), 2016



Andrii Kapustyanskyi, Gennady Varlamov

Meanwhile state companies produced only 4.8 miln. tons of coal, although their
capacities are significantly larger. The fact is that potential users of coal produced by public
companies are only Vuhlehirsk thermal power plant (up to 2.6 mln. tons per year), and Cherkasy
and Kalush TPS (up to 1.3 mln. tons per year) [8-9]. Restricting sales causes SOEs coal cost
increase.

In 2015 the use of natural gas in thermal power plants and thermal power stations
equalled to 4,332.1 million cubic meters, which is 648.9 million cubic meters less than in 2014.
At the same time TPP of generating companies consumed 153.6 million cubic meters, which is
234.3 million cubic meters less than in 2014. FEC general performance statistics in 2012-2015
developed by the author using materials [10] are given in Table 2.

Table Ne 2

FEC general performance statisticsin 2010 — 2015

Indicators 2012 | 2013 | 2014 2015 |-Sompared to 2014
+/- | %

ELECTRICITY (millionkW/h)
production 198 119,4 [193 564.4] 181 944,7[ 157 634,8 | 24 3102 | 86,6
export 97453 | 9861,5 | 80528 | 3641,6 | 44112 | 452
consumption (net) 150 720,1 [147 264,4] 134 653,0 | 118 726,9 | -15926,1 | 88,2
COAL (thousand ton)
production 85946,0 |83 697,5] 649953 | 39744,7 | 252519 61,1
including: — coking coal 24 823,5 (23 724,51 16 139,3 | 8325,1 -7 815,5 | 51,6
[ steam coal 61122,5 [59973,0| 48856,0 | 31419,6 [-17436,4 | 64,3
consumption 61207,1 |37641,9( 31562,1 | 28637,6 | -6127,5 | 82,4
NATURAL GAS (million. m?)
production 20 185,0 [209982] 20170,0 | 19896,0 | 2740 | 98,6
Sﬁzgﬁg’%msc "Naftogaz ¢ 5069 [186632] 168550 | 160320 | -823.0 | 95.1
consumption 54 774,6 150357,6( 42465,0 | 33727,0 | -8738,0 | 79,4
import 329393 (279744 19466,0 | 164540 | -3012,0 | 84,5
transit 84261,0 |86 125,7] 62197,0 | 67079,0 | 4882,0 | 107.8

Last year events also had a significant negative impact on the performance of the coal
industry. The point is that, firstly, a large number of the industry ended up in the territory not
controlled by official authorities, namely in the area of anti-terrorist operations.

Thus, according to the Ministry of Energy and Coal Industry of Ukraine
(Minenerhovuhillya) in 2015 249 state enterprises, institutions, organizations and associations
under direct management of Minenerhovuhillya, and business partnerships where
Minenerhovuhillya manages corporate rights of the state, were in the area of anti-terrorist
operation [11-12] (ATO) (Table. 3), which is about 73% (Fig.), with 19% being part of the mine
construction complex.
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Table Ne 3

Structure of the coal industry companies, belonging to the management's branch Ministry of Energy
and Coal Industry of Ukraine

Enterprises In Ukraine - In ATO area | Total in Ukraine
controlled territory
State 'entc'arprlses, 1nst1tgt19ns, 66 148 214
organizations and associations
Business associations for

which .Mmenerhovuhlllya has 73 101 129
authority to manage corporate

rights of state

Total 94 249 343

It should be noted that out of 148 state enterprises, institutions, organizations and
associations under the management of Minenerhovuhillya and located in ATO zone 55% are
direct coal producers (80), which also provide the main coal mining in the public sector. In
addition, among business associations, for which Minenerhovuhillya has authority to manage
corporate rights of state are 46% of mine building enterprises and 80% of this amount, while
those in the ATO zone are the main performers of construction work in the coal industry.

Consequently, the situation faced by the coal industry, managed by the Coal Ministry,
in the ATO zone is unfavorable not only for the entire coal industry and energy independence
of Ukraine, it also has a negative impact on related industries such as metallurgy and heat
energy, not to mention the overall decline in industrial production and GDP.

In support of the above-mentioned Fig. 3 presents an analysis of coal production for the
period of 1991-2015 by category (coking coal, steam (power) coal), and you can observe the
dynamics of its production in 1991-2015.

As shown in Fig. 3, the total coal production in 2013 decreased compared to 2012 only
2.62%, while in real terms the decrease in production of both coking and thermal coal was
almost identical. As for 2014, due to fighting in the Donetsk and Lugansk regions industry
losses reached 22.34%, with the greatest damage occurred to coking coal production, which
declined by almost a third, despite the fact that the volume of thermal coal production declined
slightly less than 20%. In 2015 coal mining enterprises of Ukraine produced 39.7 million tons
of coal, whish is 25,251.9 ths. tons (or 38.9%) less than in the corresponding period of 2014.
Overall production of thermal coal was 31.4 million tons, it decreased by 17,436.4 tons (or
35.7%), while coking coal production was 8.3 million tons, dropping by 7,815.5 tons (or
48.4%).

During 12 months of 2015 coal mining enterprises, subordinated to Minenerhovuhillya
of Ukraine, produced 6.7 million tons of coal, which is 9,863.5 thousand tons (or 59.4%) less
than in the period of 2014. Production of energy coal decreased by 7,212.9 thousand tons (or
60.1%) compared with the corresponding period in 2014, and that of coking coal — by 2,650.6
thousand tons (or 57.6%), thus stopping at 4.8 and 2.0 million tons respectively.
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Figure 3. Coking and thermal coal extraction dynamics in Ukraine for 1991-2015. [6, 17]

It should also be notedthat the issue of liberalization of the coal market and mechanisms

of marketing and pricing remains one of the most acute. At the present time relationship in the
market coal are formed under the mediation of "Coal of Ukraine" state enterprise that does not
directly develop relations between producers and consumers. Overall, without the transition to
a competitive coal market continued government support seems hopeless because every year it
needs more and more money to cover the expenses on the net cost, production facilities support
and more.
In addition, the present functioning of the coal market in Ukraine is significantly
complicated due to ATO in major coal producing regions. Thus, only 8 out of 24 coal mining
companies, partners of "Coal of Ukraine" state enterprise in Donetsk and Luhansk regions are
located on the territory controlled by Ukraine ("Pivdennodonbaske 1" CE,
"Krasnoarmijskvuhillya" SE, "Selydivvuhillya" SE, "Krasnolymanska" SE,
"Dobropillyavuhillya" SE, "Dzerzhynskvuhillya" SE, "Shakhta Novodzerzhynska" JSC,
"Lysychanskvuhillya" JSC), which prevents normal functioning of the coal market. [13].

Considering all sources of financing in January-December 2015 energy sector
enterprises managed by Minenerhovuhillya Ukraine utilized 15,220,200,000 UAH capital
investments, which is 3.5% more, if compared with the corresponding period of the previous

year [10, 14-16].
The capacity factor for the 12 months of 2015, compared to the same period of the

previous year, decreased by 5.9% and is 22.3%.
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Figure 4. The system of market relations in Ukraine coal industry

During the reporting period 200 MW units have demonstrated the highest capacity
factor, which is 34.7% (40.7% in the previous year). 150 MW units capacity factor is 33.9%
(41.2% in 2014), 100 MW —27.2% (36.6% in 2014), 250 MW — 25.4% (24.3% in the previous
year) 300 MW —21,8% (30.6% in 2014).

The following generating companies show decreased capacity factor: "DTEK
Vostokenergo" LTD dropped by 9.2%, "Centrenergo" PJSC by 6.1%, "DTEK Dniproenergo"
PJSC by 9.1%, "DTEK Zakhidenergo" PJSC by 0.1%. Meanwhile "Donbasenergo" PJSC
boasts 3.3% capacity factor increase.

The specific consumption of equivalent fuel for electricity by thermal power plants of
generating companies in Ukraine for 12 months of 2015 went up to 400.1 g/kWh, which is
4.9 g/kWh more than in the corresponding period of 2014 (395.2 g/kWh).

The specific consumption of equivalent fuel for electricity in Ukrainian thermal power
plants (generating companies TPP and TPS) egualled to 389.6 g/kWh for 12 months of 2015,
which is more in comparison with the corresponding period in 2014 by 2.3 g/kWh.

The current level of concentration of pollutants in thermal power plants of Ukraine and
the requirements of Directive 2001/80/EC and Directive 2010/75/EU (at 6% O2) [18]
demonstrate the inadequacy of emission standards (Table 4). Solid particles, SO2 sulfur dioxide
and NOx nitrogen oxides pollutants concentrations excess reaches up to 30-125 times,
10-35 times, and 2,5-9 times respectively.

The level of concentration of pollutants in thermal power plants of Ukraine and total
gross emissions of pollutants in coal thermal power plants call for urgent measures to reduce
these emissions. Order of the Ministry of Environment of 22.10.2008. Number 541 "On
approval of the technological standards of permissible pollutant emissions from thermal power
plants, with more than 50 MW rated thermal capacity" provides for emission reductions in
thermal power plants of Ukraine through the construction of new power units with a net
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efficiency of above 42% or reconstruction of existing power units with increased efficiency to
38% and by implementing new flue gas cleaning technologies [19-20].

Table Ne 4

The current level of concentration of pollutants in thermal power plants of Ukraine and the requirements
of Directive 2001/80/EC and Directive 2010/75/EU (6% O>).[18]

Current state Directive Directive
Pollutant 3 2001/80/EC, 2010/75/EU,
mg/nm 3 3
mg/nm mg/nm

Solid particles 50 20
Electrostatic filters
Precipitating electrode< 12 m 600-2500
Precipitating electrode> 12 m 250-2100
Venturi wet ash collectors 1100-3200
Sulfur dioxide SOz 2000-7000 400 200
Nitrogen oxides NOx 500-1800 200 200

Conclusions and suggestions. Since FEC Ukraine is the most important sector of the
national economy, its reforming, aiming at creation of market economy, privatization and price
liberalization, is a process of utmost responsibility.

In 2015, the actual amount of energy produced by power plants of Ukraine amounted to
157,634.8 million kWh, which is 24,310.2 million kWh, or 13.4% less than the amount
produced in 2014. TPP in particular produced 49,386.3 million kWh, which is 19,083.2 million
kWh or 27.9% less than in 2014. Meanwhile TPS produced 6,075.4 million kWh, which is
463.5 million kWh, or 7.1% less than in 2014.

Compared to 2010, in 2015 both TPP and TSP power generation decreased by
87,627.6 million kWh, thus falling by 28.9%. The decline in thermal energy is associated with
the loss of control over part of the state territory, where the main deposits of AG/AC (Anthrazit
Gestlibbe / Anthracite chippings) coal rank are located.

Necessary conditions for the normal functioning of the steam coal market is the
resumption of budget support of state-owned coal businesses with their subsequent privatization
and removal of artificial restrictions on the purchase of Donetsk anthracite and lean coal
extracted by Ukrainian enterprises.

The tasks of domestic thermal power are to learn to burn imported lean coal with
characteristics that differ from the project in anthracite boilers and expand the scope of
consumption of coal gas ("barter" with DTEK enterprises, introduction of coal mixes to be burnt
in anthracite boilers, transfer of anthracite and black oil-gas boilers to gas coal).

Ways to reduce the negative impact of coal power engineering on the environment
include measures to improve the energy efficiency of solid fuel through the construction of new
power units with a net efficiency of above 42% or reconstruction of existing poer units with
increased efficiency to 38%. A significant reduction of pollutant emissions (dust, sulfur dioxide,
oxides of nitrogen) through the introduction of new flue gas cleaning technologies will improve
the environmental situation.

For all the time of Ukraine's independence thermal power and coal industries find
themselves in the most difficult situation, the solution of which is a key factor in the context of
energy security.
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AHAJII3 JISIJIBHOCTI MAJIMUBHO-EHEPTETUYHOI'O
KOMILIEKCY YKPAITHHA

Anapiit Kanycrsnebknii; I'ennaain Bapiaamos

Hayionanvhuti mexuiunutl ynigepcumem Ykpainu
«Kuiscokuti nonimexuiunuii incmumymy, Kuis, Yxpaina

Pe3tome. Ha ocrosi ananizy xapaxmepuux noKa3HUuKi6 OisibHOCmi NATUEHO-EHEePSEMUUHO20 KOMNIEKCY
Ykpainu 6 yinomy ma eyzinenoi npomucnosocmi zoxpema 3 2010 oo 2015 p., ocHo6HUX 3aKOHOO0A8UUX AKMIE 3
pecmpyKmypuzayii. ma 0epilcasHO-NpueamHo20 NapmHepcmea npoaHanizoeano Cmaw, nepcnekmueu ma
HANPAMKU PO3GUMKY BKA3AHUX CKAA008UX 2anysi. Posenanymo numannsa oueepcughixayii ddcepen ma mapuipymia
NOCMAYAHHA eHepeemUYHO20 GY2iIsl MAa 3MIHU CMPYKMYpU NAIUEHO-EHEePeMUiH020 Oanancy 3ae0saKu
30IIbWEHHIO YACMKU LACHUX MEEPOONAIUGHUX EHEP2OPeCyPCi6 Y KOHMEKCMI eHepeemuyHOi Oe3nexu 0epiucasu.
Hocniodceno 3minu @ cmpykmypi naiueoCnodCUGaHHs menio8uUMU eleKmpoCmanyiamu 6HACIIO0K MUMYACOBOT
empamu KOHMpOIIO HAO HACMUHO mepumopii Vipainu ma eusHaueHo OCHO6HI 3a80aHHs 0N 30epedceHnHs
Qynkyionanvnocmi 8y2inbHoT 2anysi.

Kniouosi cnosa: nanusHo-enepeemuuHull KOMNieKc, aHmpayum, 6y2inis, meniosa elekmpocmanyis,
Komei.
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