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Y cmammi 30ilicHeHO cucmeMHe OOC/IIOXeEHHS],
Kpumu4Ha OoyiHKa MeopemuyHUX MO/IOXeHb
ma Oifo40i MpakmuKu Po3BUMKY eHepaemud-
HUX iHHOBauill sIK 06’eKMUBHOI HeobXioHocmi
3abe3rnedeHHsl eHepeemuy4Hol  He3asexHocmi
B YKpaiHi. [MpoaHasizosaHi emanu BXOKEHHS
B8 O6'€0HaHi eHepeemuyHoi cucmemu YkpaiHu
i3 Mpasom peasizayii enekmpoeHepeii 3a «3ese-
HuM»  mapucghom. 30ilCHeHO aHasi3 Mmomyx-
Hocmi BIOHOB/K0BaHOI eHepeii 3a sBudamu eHepail
B YkpaiHi 3a nepiod 2015-2018 pp. 3dilicHeHo
demavibHUll aHasli3 po3sUMKY B8 YKpaiHi mpbox
OCHOBHUX  BUOIB  BIOHOB/IHOBA/IbHUX — OXEpPes
eHepeil: CoHsIYHOI, 8impoBoi ma 6Giomacu. Jose-
deHo, Wo YKpaiHa 3a ocmaHHi poKU rMpooosxye
cmBoproBamu 3Ha4HUU ¢hoHO 07151 GhiHaHCyBaHHSI
eHepaoeheKmuUBHOCMI 8 XUIM/IOBOMY CEKMOPI,
30Kpema, 3a chiHaHcosoi nidmpumku E€sponel-
cbkozo Coro3y. [JoseoeHo, Wo HeobXiOHICMb
BrpPoBadXeHHs1 8 Oisl/IbHICMb NPOMUC/IOBUX 1i0-
MpuUeEMCMB  a/lbimepHamuBHUX OXepes1 eHepaii
3yMOB/IeHa EeHEP2emUYHOK, EKOHOMIYHOI ma
Mo/IMUYHOK Kpu3amu 8 YKpaiHi. Po3a/isiHymo
npobrieMu ma meHOeHyji npoyecy Bnposac-
JKEHHS1 &/TbMepHamuBHUX OXepes eHepeaii 8 eKo-
HOMIYHI cekmopu YkpaiHu.

Knto4oBi cnoBa: eHepao3bepexeHHsi, eHepaoe-
hekmusHicmb, eHepaemuyHUli cekmop, BIOHOB-
J110Ba/TbHI OXXepesia eHepeaii, cmasiuli po3sUMOK.

B cmamse ocyuwjecms/ieHo cucmemHoe uccrie-
dosaHue, Kpumu4ecCkas OyeHka meopemudye-

cKux rosioxeHuli u delicmsytowjel npakmuku
passumusi  aHepemu4eckux UHHoOBayull kak
06beKMUBHOL  HE06Xo0UMOCMU  0becreeHust
9Hepaemuyeckoli He3asuCUMOCMU B YkpauHe.
poaHanu3uposaHo amarib BXOX0eHus 8 Obbe-
OUHEHHbIe aHep2ocucmeMbl YKpauHbl C Mpasom
peanu3ayuu 371IeKmpo3aHep2uU 1o «3e/1eHOMY»
mapudpy. Ocyujecms/ieH aHasu3 MowHocmu
BO306HOB/SIEMOU 3HEpaUU M0 BUOaM 3Hepauu
B8 YkpauHe 3a nepuod 2015-2018 22. Ocyujecm-
B/1EH 0emasibHbIU aHasu3 passumusi 8 YkpauHe
mpex OCHOBHbIX BUOOB  BO30BHOB/SAEMbIX
UCMOYHUKOB ~ 3HEpauU:  CO/IHeYHol, Bempo-
Boll u 6uomaccsl. [JokasaHo, Ymo YkpauHa 3a
rocsiedHue 200kl Npodo/mHkaem  co3oasamb
3Ha4yuUMesIbHbIU  OHO 07151 (huHaHCUPOBaHUSI
3Hepaemuyeckoll aghgheKmusHOCMU B8 XKU/IOM
cekmope, 8 YacmHocmu, npu ¢huHaHcosol noo-
depxke Esponelickoeo Corosa. [JokazaHo, 4mo
HeobxoouMocmb BHEOPEHUST B 0esiMe/lbHOCMb
MPOMBIW/IEHHBIX — npednpusimull  aslbmepHa-
MUBHbIX UCMOYHUKOB 3Hepauu obycrosneHa
SHEP2eMUYECKUM, 3KOHOMUYECKUM U Moaumu-
4ecKUM Kpusucamu 8 YkpauHe. PaccMompeHbl
npobrieMbl U meHOeHYUU npoyecca BHeOPEeHUs!
&/IbmepHamuUBHbIX UCMOYHUKOB 3HepauU B 3KO-
HOMUYecKue cekmopa YkpauHb!.

KntoueBble cnoBa: saHepaocbepexeHue, sHep-
203¢hghekmuBHOCMb,  3Hep2emuYyecKull  Cek-
mop, B0306HOB/ISIEMbIE UCMOYHUKU 3Hepauu,
ycmoliyusoe passumue.

The article comprises a system study and critical assessment of theoretical foundations and established practices for development of energy innovations as
an objective need to secure energy independence in Ukraine. The work includes the analysis of stages of admission into The Integrated Power System of
Ukraine with the right to sell electricity according to the «green» tariff. An analysis is conducted on the capacities of the renewable energy sector by the kind of
energy in Ukraine between 2015-2018. A detailed analysis is undertaken to study the development of three major renewable energy sources in Ukraine: solar,
wind and biomass energy. It has been proved that lately Ukraine continues to build up substantial funding to finance energy efficiency in the housing sector,
in particular with the financial support of the EU. It is asserted that the need to implement alternative energy sources into activities of industrial enterprises is
substantiated by energy, economic and political crises in Ukraine. Issues and trends related to the process of implementation of alternative energy sources
into economic sectors of Ukraine are examined. Harmonization of Ukrainian legislation will promote the competitive capacity of the national economy on a
global scale. The paper reviews the peculiarities of nuclear energy use in the system of ensuring proper level of energy security and sustainable development
of Ukraine. It is established that Ukraine must make utmost effort to secure its own energy independence. Regretfully, the percentage of renewable energy
sources in the energy balance of Ukraine is currently one of the lowest in Europe. Large share of fixed assets within the energy sector is obsolete and requires
considerable investment for their modernization. Expanding the cooperation with the EU will enable Ukraine to achieve long-term strategic objectives: to form
competitive energy market, sustainable social and economic development and to ensure energy security. Nonetheless, an issue arises with regard to main-

taining equal partnership — a joint effort of Ukraine and EU member states in various sectors of economy, specifically the energy sector.
Key words: energy saving, energy efficiency, energy sector, renewable energy sources, sustainable development.

Introduction. Energy sector of countries is a
core component of national economies and Ukraine
is no exception within this context according to the
Directive 2009/28/EC of the European Parliament
and of the Council. Presently, the energy sector of
Ukraine undergoes profound changes which are
supposed to contribute to the formation of national
energy sector over the next decades. Changes in the
global environment, technological innovations and
search for new alternative energy sources on par with
growing use of renewable energy sources are some
of the major energy-related trends in Ukraine.

Alternative energy (AE) is the sphere of energy
production that provides the generation of electrical,

heat and mechanical energy from renewable energy
sources (RNE). Stimulating its development would
allow increasing energy security and independence
of economic entities with consequent share of AE
in the structure of total primary energy supply by
2020 growing by 75% — from 2,0% to 3,5% [14]
and the target value of total capacity of traditional
and renewable energy constituting a minimum of
10% from the total installed capacity by 2030 [15].
Combined with the comprehensive analysis of
legislative and regulatory framework in the sphere
of alternative energy, undertaken within the scope of
the paper, a ranking of priority in the development of
AE for Ukraine has been established with emphasis
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placed upon the expedience of full-on implementation
of similar projects.

Analysis of recent research and publications.
Currently there exists a vast number of studies in the
energy sphere and peculiarities of energy innovations
development. As an instance, we may refer to such
scholars, as Bluszcz A. [1], BoersmaT., Goldthau A. [2],
Matschoss K., Repo P. [7], Nasiritousi N. [8], among
others. Nonetheless, numerous issues remain outside
of the scholarly focus. In particular, the need to
develop renewable energy sources within the context
of energy saving at the micro-level of economy.

Formulation of objectives of the article. The
objective of the article is a comprehensive study,
critical evaluation of theoretical foundations and
existing practices in the development of energy
innovations as an objective need to secure energy
independence in Ukraine.

Results. Ukraine’'s electricity market is a
constituent part of the Integrated Power System
of Ukraine (IPSU). The IPSU acts as a multi-agent
entity: an energy-generating and energy distribution
economic entity.

The issues of state regulation by means of licensing
the activities in the sphere of energy and public utilities,
formation of pricing and tariff policies, government
control and use of means of direct coercion belong
to the jurisdiction of The National Energy and Utilities
Regulatory Commission (NEURC) [12]. Study of the

requirements for admission into the WEM (Wholesale
Electricity Market) with the right to sell electricity
according to «green tariff» allowed to provisionally
single out 5 stages (Figure 1).

The first stage stipulates the drafting of the project,
its feasibility study (FS), coordination and approval of
the location of the Solar Power Plants (SPP), etc.

The second stage stipulates the coordination of
technical and organizational issues related to the
connection to the IPS of Ukraine. Depending on
the technical aspects of the project the coordinating
entities might be represented by the member of the
local community whose territory would be used for
the construction of the SPP, the natural monopolist
— the energy supplier or the NEURC. The third stage
incorporates the construction and entry into operation
of the SPP. This stage is material- and cost-intensive
and, under favorable conditions, concludes together
with the fourth stage which stipulates the coordination
of organizational issues with the NEURC.

In accordance with the designated stages the
accounting system of the enterprise forms the
accounting and analytical provisions to control the
compliance of project-related processes with the
requirements of the approved project documentation,
FS of the SPP construction, approved technical
specifications (TS) of the project on connection to the
power grid of the IPSU, licensing provisions, contract
for sale of electricity, current legislation concerning the
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Figure 1. Stages of admission into the Integrated Power System of Ukraine
with the right to sell electricity according to «green» tariff
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observance of the conditions of the «green» tariff with
50% surcharge for Ukrainian-produced constituent of
the equipment in use.

In 2016 Ukraine ratified the Paris Agreement
having demonstrated its ultimate readiness for
transition to low-carbon power, preparedness for
reducing the risks related to the consequences of
climate change and ensuring the objectives of the
sustainable development [10].

However, despite all the issues that Ukraine is
currently facing, renewable energy sources remain
one of the top priorities of the low-carbon development
policy and one of the ultimate tools for reduction of
carbon emissions into the atmosphere (Table 1).
Taking all these points into consideration, in 2016
a total of 120,5 MW of power generating capacities
entered into active operation [10].

Referring to table 1 it becomes evident that the
capacities of renewable energy are growing year by
year. In 2017 a total generating capacity of renewable
energy plantsincreased more thanby 10%—to0 1,5 GW
[9]. During the entire 2017 the growth in the volume
of «green» energy generation comprised 260 MW.
The leadership is held by the solar power — 99,1 MW
and the wind power — 11,6 MW. Furthermore, in 2017
four wind farms became operational — in Kherson,
Mykolaiv, Lviv and Ivano-Frankivsk regions.

Solar power is the «youngest» energy source
among the renewable energy source in Ukraine,
however it proves to be the most dynamic sector
of renewable power generation in Ukraine. Solar
electrical power in Ukraine is traditionally generated
in the southern regions of the country (Figure 2).

Hence, the installed capacity of solar power plants
in Ukraine in 2017 constituted 742 MW which showed
a 211 MW growth in comparison to the previous year.
Development of renewable energy from SPPs is
considered to be efficient due to a high number of
sunny days and moderate air temperatures in the
territory of Ukraine. Despite SPP being a leader by
installed capacities in Ukraine the share of solar
energy generation in Ukraine compared to the EU
remains extremely low.

Wind-energy generation as well proves to be a
promising area for development of alternative energy
in Ukraine (Figure 3). However, the wind power
generation is growing significantly slower than the
solar. This may be attributed to the fact that wind
power plants are substantially more complex to install,
more expensive and require more operational costs.

As may be seen from the figure, wind power
in Ukraine is developing at a fairly steady rate with
continuous growth. In 1 year, the overall capacity of
solar power stations in Ukraine increased by 27 MW
to constitute a total of 465 MW. It is to be noted that
some of the researchers consider that Ukraine is
among the four European countries that are best
capable of generating electricity from wind power [13].

Furthermore, Ukraine possesses considerable
amounts of biomass suitable for energy generation
(Figure 4).

Possible supply of the biomass available is
assessed at 27 min. tons of fuel annually. According
to the data by the State Statistics Service of Ukraine,
the energy potential of the biomass accumulated by
agricultural plants is evaluated at over 7,5 million tons
of fuel per annum. This supply can provide for up to
10% of the total energy consumption in Ukraine [13].

Table 1
Capacity of renewable energy sources
by the forms of energy (MW) [10]

2015 2016 2017 2018
Wind 426 438 465 522
Solar 432 531 742 1097
Biomass 35 39 39 44
Biogas 17 20 34 41
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EMW 188 371 748 411,1431,1530,1 742 1388

Figure 2. Installed capacity of SPPs
that operate by green tariff, MW

Source: developed on the basis [9]

2011 2012 2013 2014 2015 2016 2017 2018
EMW 151,1 273,3 371 409,3 426,2 457,8 465 533
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Figure 3. Installed capacity of WPPs
that operate by green tariff, MW

Source: developed on the basis of [9]
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Figure 4. Installed capacity of renewable electrical
energy plant (biomass) that operate by green tariff, MW

Source: developed on the basis of [9]

It is worth noting that in 2018 additional capacities
of 430 MW of power plants generating from solar,
wind and biomass power as well as small hydropower
plants entered into operation. A further growth of 83%
of generated electricity from solar capacities, 13%
growth from wind power plants and 4% growth of
energy generated from biomass power plants was
recorded. The share of renewable energy sources
in the total energy generation capacity in Ukraine
constitutes 1,8% while its share in value terms
amounts to 8,3% [13].

An important fact to note is that in 2018 Ukraine
acquired the status of the full-fledged member of the
International Renewable Energy Agency (IRENA).
This proved to be a confident step towards the
improvement of investment climate of the country, the
possibility to attract world leading technologies and
to obtain subsidized loans for «green» projects [10].

In 2014 Ukraine signed a European Union
Association Agreement with the purposes of
enhancing the cooperation between Ukraine and
the EU. Within the context of this Agreement, energy
issues play a prominent role on the path to complete
integration. Energy cooperation establishes an
objective of contributing to the energy efficiency and
energy saving in Ukraine, reforming and improving
the energy markets, reducing CO, emissions and,
most importantly, integrating Ukrainian energy sector
into the European electrical energy network.

An objective need to incorporate the use of
alternative energy sources into the activity of industrial
enterprises is stipulated by energy, economic and
political crises in Ukraine. Their consequences lie in
the accelerated growth of prices for electricity and
fuel; decrease in the quality of services related to
supply of resources by energy service companies that
are natural monopolists, etc. Such situation conduces
to active development of «green energy» generation
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market, emergence of competitive environment within
the energy supply industry.

The energy strategy stipulates the setting of
energy-related development goals by 2020 and
by 2035. Key objectives of this strategy are, first
and foremost, to form an economically secure and
competitive environment, to increase the level of
energy security, to reduce dependence on energy
importation, the natural gas in particular. An overall
effect of the implementation of the Strategy would
be the transformation of the fuel and energy industry
of the country from the problem sector that require
continuous government support into modern, efficient,
competitive sector of national economy capable of
sustainable development and competitive activity in
the European and global energy markets [11].

Presently, Ukraine is facing a range of issues
related to the excessive use of overpriced imported
fuel, ineffective markets and infrastructure. Apart
from it, there occurs further deterioration of energy
facilities in Ukraine, reduction of the domestic
resource base, obstruction of power supply from the
eastern regions [4—6]. These factors contributed to
the emergence of new threats.

The primary method of neutralizing these threats
lies in the diversification. Diversification is determined
as one ofthe main directions for reduction of the energy
dependence of the country. Moreover, diversification
not only decreases the political risks related to the
monopolistic energy supply but also services as a
powerful contributor to decrease expenditures for
purchase of fuel and energy resources due to the
existing competition within the business environment.
Countries of the European Union make extensive
use of several directions for diversification of energy
materials [3].

The first direction is a large-scale implementation
of the liquified natural gas. The second direction for
diversification includes the changes into the structure
of consumption of energy resources which enables the
country to increase its level of energy security by means
of reducing the importation of energy resources [9].
In this respect Ukraine has a high potential of the
bioenergy sector. It must be emphasized, that the future
of bioenergy production is defined by the National
Action Plan for Renewable Energy for the period until
2020. According to this plan bioenergy generation by
2020 must reach the level of substitution of the natural
gas of 7,2 billion m2 per year [9].

Ukraine’s orientation towards European integration
further envisages the harmonization of the national
legislation in the sphere of energy efficiency and use
of renewable energy sources with the legislation of
the European Union. Such approach would ensure
international competitive capacity of the Ukrainian
economy, prerequisites for Ukraine’s membership in
international organizations and a further incentive to
restore and reinvigorate the national energy sector.
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The energy intensity of Ukraine’'s GDP is
considerably higher in comparison to the economies
of the European Union countries. It must be
underlined that the high level of the GDP energy
intensity is objectively conditioned by a high share
of energy intensive sectors within the structure of
Ukrainian economy such as metallurgical, chemical
industry and mining operations. Simultaneously, low
energy efficiency in the sectors of energy conversion
and supply, high specific energy consumption for
heating and hot water supply for households all serve
to complicate the situation [9].

According to the research findings, the
achievement of the objectives of the Energy Strategy
of Ukraine with regard to the decrease of GDP energy
intensity by 20% is realizable by means of gradual
reduction of the total volume of primary energy by
over 10% by 2020.

Ukraine remains one of the largest electrical
energy consumers in Europe even after the economic
downturn caused primarily by the armed conflict in
eastern Ukraine. The total installed capacity of the
country constitutes 55,3 GW. Thermal power plants
still consume the overwhelming majority of the total
installed capacity (24,5 GW), followed by nuclear
power plants — 13,8 GW, while the share of electricity
consumption by the installed capacities of hydropower
plants constitutes 5,9 GW [9].

It should be also noted that in 2016 Ukraine was
undergoing active reforms of the legal framework with
regard to the gas market according to the obligations
under a European Union Association Agreement and
the Law of Ukraine «On the natural gas market».
Futher to it, the government of Ukraine continues to
put every effort into improvement of oil products quality
to match the EU standards. Since January 1%, 2016 a
ban was implemented on the turnover of car petrol and
diesel fuel belonging to Euro 3 emission standard [10].

Use of nuclear energy to satisfy the needs of
the national economy and its stable functioning is
a precondition for providing an appropriate level of
energy security and sustainable development of
Ukraine [11]. Hence the main efforts in reforming
the nuclear sector were aimed at enhancing energy
security and independence from the monopolistic
supply of nuclear fuel and equipment in accordance
with the experience and practices of the EU countries.

Apart from this, the European Union is the largest
investor into the fund of construction of the new
Shelter Structure over the destroyed 4" reactor of the
Chernobyl Nuclear Power Plant [12].

Conclusions. In conclusion it is safe to say that
Ukraine must make a greater effort in relation to its
own energy independence. Currently, the percentage
of renewable energy sources in Ukraine is one of the
lowest in Europe. Ukraine’s energy infrastructure,
in particular electrical power plants, thermal power
plants and gas pipelines, all require reconstruction.

However, despite all existing problems in the
energy sector of Ukraine our country possesses
every potential for accelerated economic growth
and enhancement of its energy security. The energy
security, in its turn, is an important constituent of the
national security of the state. Therefore, the Ukrainian
government implements strategic reforms into the
sphere of energy supply, strengthening the energy
security due to the realization of its energy strategy.
Ukraine expands its cooperation with the countries
of the European Union which provides the possibility
to ensure Ukraine’s protection, to create competitive
energy resources market and facilitate sustainable
social and economic development.
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