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Abstract. The paper deals with global trends in energy consumption and renewable energy
generation. Worldwide practices in financing of renewable energy production are analysed
according to the following dimensions: sources of financing, types of used policy instruments,
types of recipients (public or private) and types of financed technologies. The key factors that
influence the investment attractiveness of renewable energy sources in the world are presented.
Main obstacles impeding the utilisation of potential of renewable energy generation in Ukraine are
pointed out from the standpoint of the global development trends, as the experience of
economically developed countries are advised to be used for Ukraine. Conditions for investment
activity in this field should be created (involving both domestic and foreign investments),
stimulating state policy should be implemented, and an energy management based on the
international experience should be developed. The problems of renewable energy sources in
Ukraine are described, in particular, the presence of investment risk in terms of its components as
general economic, legal and financial. In the most developed countries in terms of RES
consumption direct public investment is a small proportion of total renewable energy financing,
whereas private investment has the major share. A significant obstacle to the possibility of
realizing such experience in Ukraine is the presence of investment risk, mainly caused by unstable
political conditions (both internal and external). Energy management and monitoring activities of
enterprises of various forms of ownership and branch affiliation should be introduced along with
the necessity of attracting investments in renewable energy. It is expected that the results presented
in this article may be useful for improving the renewable energy development policy both at the
country level and at the level of a particular economic entity.

Keywords: energy management, investment risk, energy security, government policies, renewable
energy, investments in renewable energy sources, bioenergy.

1. INTRODUCTION

The current stage of socio-economic development is characterized by reduction of available
nonrenewable resources, deterioration of environmental conditions and growth of population,
production volumes and humanity’s energy needs on the global scale. The level of energy resources
supply considerably influences social and economic development of a country and therefore defines the
quality of life. The growing number of conflicts worldwide is partially caused by competition for
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natural resources, primarily the energy ones. Ensuring energy, ecological and food security are the key
global issues of modern world. Therefore the development of renewable energy sources is the issue of
utmost importance for each and every country globally.

Renewable energy resources are much more evenly distributed across our planet compared to
nonrenewable ones. Thatis why the development of renewable energy can contribute to solution of the
range of modern global problems: to improve the state of energy supply, to decrease the level of
anthropogenic burden on environment (both due to the relatively high environmental friendliness of
renewable energy in relation to nonrenewable ones and as a result of energy , decentralization”), to
strengthen energy security of particular countries and liberalize international relations in the energy
sector and, as a result, to optimize the geopolitical impact of the monopoly supply of non-renewable
energy resources.

Renewable energy development requires a solution of a number of theoretical and practical tasks,
among which is the choice of methodical approaches to assess the feasibility of renewable energy
resources’ utilisation and replacing them with non-renewable, selection of approaches to assess the
value of economically feasible potential of these resources, and choice of allocation of capacities for
their use, substantiation of construction of mutually beneficial (in economic and ecological aspects)
relations with leading countries in the field of renewable energy sources, choice of behavior models of
authority at different levels in the context of stimulating producers and consumers of renewable
energy, justification of the need for implementation of energy management and monitoring in the
activities of enterprises of all forms of ownership and types of economic activities.

Leading governmental and intergovernmental organizations, scientists in various branches of
research pay considerable attention to different aspects of renewable energy sources. The International
Renewable Energy Agency plays an important role in the process of data aggregation concerning the
renewable energy sources in the global context [1; 2]. Research conducted by this intergovernmental
organization is aimed at proving the necessity of investing in renewable energy sources and
contributing to broad sustainable use of all renewable energy types (bioenergy, geothermal energy,
hydroenergy, solar and wind energy) in the interests of energy safety and countries” economic growth
globally.

Analysis of scientific literature shows that renewable energy in the context of its components is
represented in the works of economic scientists from different parts of the world. It is related to the fact
that the investment issues of this sector are undergoing research. Elaboration of renewable energy
sources and minimization of expenditures in the process of projects implementation are under
considerable attention.

2. RESULTS

The process of defining strategic benchmarks for renewable energy in Ukraine consists of the
complex of interrelated stages: analysis of global tendencies in energy consumption and renewable
energy development; strategic analysis of renewable energy capacity in Ukraine; research of conceptual
basis of strategic development of energy sector; justification of strategic vectors of renewable energy
development in the countries of the world and Ukraine using the opportunities of economic and legal
instruments to influence this process.

The following methods were applied in the course of the research, such as calculation and
construction method, grouping, comparison, modeling, prognosis and algorithm meth od.

Input data for analysis includes statistical data [3; 4; 5], documents on strategic development in
various countries [6; 7; 8; 9; 10; 11; 12], sdentific literature on the methods to evaluate investment
feasibility of new production development [13; 14; 15].

The problem of efficient use of renewable energy sources is urgent and important from the
viewpoint of harmonious economic and social development and environment protection. Nowadays
development concepts in most countries stipulate considerable increase of the renewable energy share
in the energy balance. Such alternate energy sources as solar thermal and power systems, wind
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generators, energy systems for biomass exploitation (wood and agricultural residues as raw materials
for solid biofuel production), biogas production from the domestic and industrial wastes dumpsites,
geothermal plants, etc.

During the last century global consumption of energy has increased rapidly (Figure 1), along with
overall growth of GDP and population. Most rapid growth of energy consumption of the last 15 years
has been observed in the Asian countries due to swift development of industrial production and
economic development of the region. At the same time, there is a slight decrease in energy
consumption in the countries of the European Union (-1% 2017-2018), caused by mild weather
conditions in winter and significant stimulating effects aimed at maintaining energy conservation by
governments of most countries [5].
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Fig. 1. Global energy consumption (generated from all energy sources) in the period from 1990 to 2018. Source: [5]

At thesame time, in Ukraine the overall energy consumption (from all sources) has decreased more
than twice during the last 25 years (Figure 2). The decrease is due to both the reduction of industrial
production and to modernisation of production capacities, renovation of energy networks and growing
understanding of the necessity to efficiently use the energy resources by state and economic entities.
Currently key types of energy consumed by Ukrainians are generated from coal, gas and electricity

(Figure 3).
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Fig. 2. Volumes of energy consumption in Ukraine from 1990 to 2018. Source: [5]
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Typological structure of consumed energy shows that oil, coal and gas show major share in
consumption in the world and in Ukraine (Figure 3). But the share of biomass in the structure of energy
consumption in the world is 9%, and in Ukraine it is 3%.
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Fig. 3. Relative weight of global energy consumption according to generation sources
in 2018 (World and Ukraine).Source: [4]

The above structure of energy consumption requires correction towards increasing the share of
renewable energy sources. The potential reserves of the most deficit energy resources — oil and gas — are
limited: according to expert assessments “the deposits available for development are expected to be
exhausted in 50-60 years at the present level of their extraction; somewhat better situation is with coal
reserves: at the present level of extraction coal reserves will will be enough for 450-500 years” [13]. Such
tendencies stimulate countries to intensify generation of energy from renewable sources, with another
major reason being the climate change and need for mitigation of greenhouse gas emissions, of which
the energy sector is the primary emmitant.

This need is especially acute for Ukraine in the context of the fight for energy security from the
Russian Federation. Therefore, renewable energy sources development is the decisive matter in the
context of overcoming the risks faced by Ukraine country in current conditions [14] and achieving
national security.

Ukraine should implement the experience of five world leaders in production of energy from
renewable sources such as China, USA, Germany, Japan and India. These countries have taken into
account swift paces of exploitation of renewable energy sources and now consistently accomplish the
planned tasks on diversification of energy balances towards increasing the share of renewable energy
sources.

The share of renewable energy in the global context is increasing in the past several decades. Thus,
in 2018 the share of renewable energy in the global production of electrical energy amounted to 26%,
and non-renewable respectively 74%, and in Ukraine the share of renewables is only 9% (Figure 4)
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Fig. 4. The share of renewable energy in the global production of electrical energy in 2018
(World and Ukraine). Source: [4]
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Global trends show that “Reducing the costs of renewable energy sources and the policy of their
support led to an increase in the share of renewable energy in the global energy balance (+0.8 points)”
[5]. Despite the political assistance and awareness of society, the level of exploitation of renewable
energy sources in Ukraine is at a low level compared to global trends (Figure 5). At the same time
Ukraine has a potential for increase of the share of renewable energy sources, which is proven by
calculations of relevant governmental entities and scientific research.
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Fig. 5. Generation of electrical enerqy from renewable sources in Ukraine in 2000-2018. Source: [5]

According to calculations of State Agency for Energy Efficiency and Energy Saving of Ukraine,
country hasa considerable technically achievable capacity of energy supply generation from renewable
sources and alternative types of fuel, which annualy equal ca. 98 mIn tonnes of fuel [16]. But dynamics
of alternative energy development in Ukraine is not sufficient to meet the planned targets of 2035
Energy Strategy of Ukraine “Safety, energy efficiency, competitive ability” [6], however there are
certain aspirations towards that end.

Prospects for renewable energy development in Ukraine and its scientific and industrial capacity
contribute to significant increase of growth paces of renewable energy exploitation volumes in the
country. However, in order to achieve this goal the conditions for stimulation of investment activity in
the sphere have to be created, as well as the energy management has to be implemented. This will
attract both domestic and foreign investment, enhance stimulating state policy, and develop energy
management based on the use of international experience.

The role of various types of stimuli in the global scale can be observed on the basis of global
tendency of renewable energy sources development. Global annual investment in renewable energy
rose steadily in 2013-2015, peaking at USD 330 billion in 2015 before falling to USD 263 billion in 2016.
While annual investment declined in 2016, capacity additions in the same year were up from 2015,
which is stipulated by the gap between the date of funding and launching of renewable energy projects
(e.g. 1 year and seven months for bioenergy). This is partially due to declining costs and partially to the
time lag between financial closure (i.e., the time of investment) and the completion of construction,
after which an installation becomes operational. Policy changes contributed significantly to global
investment trends. The peak in 2015 was partially driven by a rush to complete projects before an
expected fall in policy support in key markets [5; 3].

The number of countries promoting renewable energy through direct policy support has tripled
from at least 48 in 2004 to at least 147 today, and more and more developing and emerging countries
are adopting new targets and policies for renewables (Figure 6).
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Fig. 6. Number of countries adopting renewable energy policies, by policy type during 2005-2016. Source: [1]

Direct public investments has typically constituted a small share of total renewable energy finance,
the bulk of renewable energy investment — more than 90 is financed from private sources [1]. And to
attract private investment in the RES sector in Ukraine it is necessary to minimize investment risks.

Figure 7 shows global flows of renewable energy funding along the investment cycle in 2015 and
2016 taking into account the certain spectrum of sources, instruments, regions and technologies as well
as differences between the sources of public and private funding,.

International Renewable Energy Agency deems the following matters as the key factors of
competitive ability and investment attractiveness of renewable energy as a branch: favourable
regulatory and institutional framework; low offtake and country risks; a strong, local civil engineering
base; favourable taxation regimes; low project development costs; and excellent resources [1; 2].

These key factors promote renewable energy development in the developed countries of the world,
however existing investment risk is a huge problem in Ukraine. Therefore, we deem it necessary to
introduce energy management and monitoring into the activity of enterprises of various ownership
types and nature of industry along with the necessity to attract investment into the renewable energy.
As far as energy management and monitoring are directed at maintenance of efficient use of fuel and
energy resources and at ongoing process of energy supplies consumption supervision, their
introduction reduces the need for additional investment in nonrenewable energy sources and rather
attracts investors to develop renewable energy sources. In Ukraine, however, the big objective problem
is the presence of investment risk in terms of its components as general economic, legal and financial.
Given the impossibility of overcoming them in the short term, the relevant authorities and business
entities should look for ways to develop renewable energy and energy saving as an alternative to
additional investment in the form of investment. Therefore, along with the need to attract investments
in renewable energy, we consider it expedient to introduce energy management and monitoring in the
activities of enterprises of various forms of ownership and industry affiliation. Energy management
and monitoring are aimed at ensuring the rational use of fuel and energy resources and the continuous
process of tracking their consumption in order to make decisions economically and environmentally
friendly solutions.
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Fig. 7. Global landscape of renewable energy finance 2015/2016, USD billion. Source: [1]

According to the data of State Agency for Energy Efficiency and Energy Saving of Ukraine [17],
introduction of energy management will enable achievement of the following rates without additional
investment in the activity of budget institutions: from 5 to 8 of energy resources saving due to energy
efficient behaviour of consumers; up till 20 of energy consumption reduction due to establishment of
efficient objects’ exploitation.

Ukrainian liabilities under the Paris Agreement, EU-Ukraine Association Agreement and the
Energy Community Treaty stipulate conducting of the activity directed at the m ost rapid launching of
instruments that significantly influence the rational consumption of energy resources in Ukraine.
Taking into account the experience of developed countries, there is no alternative for creation and
development of energy management systems for improvement of economy energy efficiency.

2012/27/EC Directive provides that: “Energy audits should take into account relevant European or
International Standards, such as ENISO 50001 (Energy Management Systems), or EN 16247-1 (Energy
Audits), or, if induding an energy audit, EN ISO 14000 (Environmental Management Systems) and thus
be also in line with the provisions of Annex VI to this Directive as such provisions do not go beyond the
requirements of these relevant standards” [11].

There is the State Standard ISO 50001:2014 “Energy management systems — Requirements with
guid anceforuse” in Ukraine, which is the written translation of international standard ISO 50001:2011.
Saving of finances due to reduction of energy consumption and promotion of renewable energy
exploitation is an essential effect of this standard introduction [10]. On the basis of ISO 50001 standard
the instruments of evaluation, analysis and verification of management activity results’” verification in
energy consumption emerge. The standard is based on methodology known as the cycle of continuous
improvement “Plan — Do — Check — Act” and introduces energy management into everyday activity
(practice) of organizations (Figure 8).
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An approach on the basis of PDCA cycle can be described as following;:

—plan — analyze the energy parameters and define the basic level of energy characteristics and
energy efficiency indicators; set goals and tasks and develop the measuresnecessary for achievement of
results to improve energy characteristics in accordance with the energy policy of an organization;

— do - introduce the plan of activities in the sphere of energy management;

— check — conduct monitoring and measuring of key activity characteristics that define energy
characteristics on energy policy, goals and documented results;

—act — take measures to constantly improve the energy characteristics and parameters of energy
efficiency.

Application of the standard on the global scale contributes to more efficient use of available energy
resources, promotion of competitive ability and reduction of greenhouse gas emissions and other
influences on environment due to the use of renewable energy. Therefore this standard can be applied
regardless of the type of used energy.

Major idea of ISO 50001: 2011 introduction is not to establish the plan of actions but rather the
management system with the mechanisms of monitoring, analysis and corrective actions. As the result,
major function of energy management system (energy consumption management towards
improvement of its efficiency) is realized.

For different businesses, this can be manifested differently: someone is making efforts to save on
non-renewable energy sources; someone, based on available biomass resources, diversifies the energy
supply, and so on.

Implementation of fully functioning energy management systems is impossible without modern
technologies of data collection, information processing and consumption management. These will be
issues for our further research.



Development of Renewable Energy Sources in the Context of Energy Management 85

3. CONCLUSIONS

Renewable energy can strengthen the energy security of many countries, and the efforts of most of
them give positive results. An analysis of global trends in energy consumption and renewable energy
development showed that those countries in which the state support for the renewable energy sector
shows the dynamics of increasing their share in the structure of the energy balance.

The main prerequisites for the use of renewable energy resources are their lower impact on the
natural environment compared to non-renewable, the relative unlimited reserves of these resources and
the potential for boosting business activity and economic growth in countries where renewable energy
are to develop.

It was found out that in the most developed countries in terms of RES consumption direct public
investment is a small proportion of total renewable energy financing, whereas private investment has
the major share. A significant obstacle to the possibility of realizing such experience in Ukraine is the
presence of investment risk, mainly caused by unstable political conditions (both internal and external).

The process of developing renewable energy in Ukraine, as announcedin the energy strategy and a
number of regulatory acts, is an urgent problem. The economic and political situation that arose in
Ukraine caused a dynamicchange in the country, which had a particular impact on its energy security.
In order to strengthen the country's energy independence from imported non-renewable energy
sources and energy security of a separate enterprise (including economic and environmental),
development of renewable energy sources is necessary. In this case, special attention should be paid to
such an instrument as energy management, the ultimate goal of which is to form a behavior model that
aims at increasing the efficiency and environmental friendliness of energy use.
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SIxy0Ois Basentnna, Makcumis 104is, ITormaannens Hazapiii, I'puropyxk Ipuna, IT smanayk Ipuna. Possutok
BiAHOBAIOBAaHUX JXKepeA eHeprii B KOHTeKCTi eHepreTMdyHoro MeHeAxmenty. JKyphar Ilpuxapnamcoiozo
yrisepcumemy imeti Bacuas Cmedanuxa, 6 (3-4) (2019), 77-87.

Y cTaTri po3ras4aroTeCs CBiTOBI TeHAEHIII CIIOJKMBAHHSI €Hepril Ta BUpPOOHUIITBA BiAHOBAIOBAHOI
eneprii. CBiToBi mpakKy piHaHCyBaHHs BMPOOHMIITBA BiAHOBAIOBAHOI eHepril MpoaHali30BaHO BiATIOBiAHO
A0 TaKMX KaTeropii: gxepea (piHaHCYBaHH:I, BUAY ITOAITMYHIX iHCTPYMEHTIB, TUIIN PelIUIIi€HTIB (Aep>KaBHi
9y IpUBaTHi) Ta BUAYM TeXHOJOTIiM, 0 oTpuMyIoTh ¢pinancysanHs. IlpeacTaBaeni karouosi paxTopw, sAKi
BILAMBAIOTh Ha iHBeCTULIIIIHY ITPpUBabAMBICTL BiAHOBAIOBAHUX AXepea eHeprii y cBiti. OcHOBHI Heperikoau,
11O 3aTPUMYIOTh BUKOPMCTaHH: ITOTeHIialy BiAHOBAIOBAHOIL eHepril B YKpaiHi, BKa3aHO 3 IMO3MIIil CBITOBMX
TeH AeHI1ill PO3BUTKY, OCKiAbKI 40CBi4 €KOHOMIYHO PO3BUMHEHIX KPalH PeKOMEHAYEThCS BUKOPUCTOBYBATH
Aas Ykpainu. Oco0AuBO BaXKAMBUM € CTBOPEHHS YMOB A5 iHBeCTUIIiMHOI MpuBabAMBOCTI y 11iit raaysi (i3
3aZy4eHHsM K BHYTpIIIHiX, TaK i 3aKOPAOHHUX iHBeCTUIIilT), TAKOX CAiA 3Ai/ICHIOBaT! CTUMYASALIHY
AepXaBHy IO/ITUKY Ta PO3BUBATH eHepPreTMYHUII MeHeAXMEHT Ha OCHOBI MIXHapO4HOIO AOCBigy.
OxapakrepnsoBaHo IpoOJeMU BiJHOBAIOBAHUX Jykepea eHeprii B YKpaiHi, 30Kpema, HasBHiCTb
iHBeCTUITIIIHOTO PU3NKY 3 TOUKM 30y JI0TO CKAaAOBNX K 3aTaAbHOEKOHOMIUHIIX, IIPaBOBMX Ta (PiHaHCOBUX.
IIpsmi aepsxaBHi iHBecTMIIil Y 6iABIIOCTI PO3BMHYTHX 3 TOUYKM 30py crioxusaHH:A BAE kpaiH, cTaHOBAATH
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He3HayHy 4acCTKy Big 3araapbHOro o0cAry gpiHaHCyBaHHs BigHOBAIOBaHOI €Heprii, a OCHOBHY IIUTOMY Bary
CTaHOBAATH IpuBaTHi iHBecTnIii. CyTTEBOIO IEpeIIko4oi0 A4Sl MOXKAMBOCTI peasi3allil TAKOTO A0CBigy B
YkpaiHi € HasBHICTb iHBECTUIIIITHOTO PU3NKY IIJO HacaMIlepeA OB I3aHUI 3 HeCTaOiApPHMMU MO TUIHNMU
yMOBaMI (K BHYTPillIHbOTO, TaK i 30BHILIHBOIO XapaKTepy).

AisAbHICTD 3 yIIpaBAiHH S €HepreTKoIO Ta MOHITOPUHTY HiAIPUEMCTB PisHMUX POPM BAACHOCTI Ta
raAaysepoi IIpMHaAeXKHOCTI IIOBMHHA OyTu 3allpoBaj’keHa Pa3oM 3 HeOOXiAHICTIO 3adyueHH I iHBeCTUIIiN y
BiAHOBAIOBaHI AXepeaa eHeprii. OuikyeTbCs, IO pe3yabTaTH, IpeAcTaBAeHi B IIiif cTaTTi, MOXyTb OyTu
KOPUCHUMM A4S BAOCKOHAAEHHS IO AITUKA PO3BUTKY BiAHOBAIOBAABHOL €HepreTUKM SIK Ha piBHi KpalHy, Tak i
Ha piBHi KOHKPETHOTO Cy0'eKTa TOCII0AapIOBaHH L.

Karouosi caoBa: eHepreTMmyHMII MeHeAXXMEHT, iHBECTMIIIIHUII PU3MK, eHepreTndHa Oe3IIexa,
JepXaBHa II0AiTMKa, BiAHOBAIOBaHI J)KepeJa eHeprii, iHBeCTMIII y BiAHOBAIOBaHI axKepeada eHepril,
HioeHepretnka.



