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Abstract. Nowadays, as most of the countries in the world pledged to the low-carbon
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future, global energy problems become more acute. One of the most promising ways
to address the growing problems of energy supply widely considered by the interna-
tional community is use of alternative energy source such as the renewable or ,clean”
energy. Renewable energy is highly praised for its wide availability and environmental
friendliness and its decisive advantage over traditional energy is that it is not subjected
to depletion like the fossil fuel resources and that it does not lead to the increasing pol-
lution. The paper examines how renewable energy sources can be made useful in the
case of Ukraine. Our analysis run along two dimensions: the EU and world’s global
tendencies as well as the internal current situation. Our main focus is on whether the
investing in renewable energy sources can be regarded as a country’s “smart” power
policy and what the outcomes of turning to the renewable resources might be like over
some time period in the future. On the base of statistical approach we came to the con-
clusions for Ukraine: 1) renewable energy sources (RES) production has a potential
to replace oil, gas and coal sources, however the same could not be said about nuclear
power; 2) the “green tariff” indeed makes renewable energy projects more attractive for
investments; 3) RES production opens new projects in industry thus the employment
rate in industry can grow, but not such could be said about agriculture; 4) in analyzed
years RES production had very low level of impact on the economic performance;
5) RES have positive effect on the environment in Ukraine in analyzed period; 5) RES
consumption has a potential to boost positive effects of alternative energy resources,
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more than even its production. That evokes the idea of necessity to implement policy
and some actions to motivate namely private consumers and industry to increase the
consumption of RES. Then it could obviously drive the increase of RES production.

Key words: renewable energy sources, energy security, efficiency, correlation, Ukraine.

JEL Classification: F52, Q28

INTRODUCTION

Nature is rich in energy resources. However, rash and irrational consumption results in a sharp reduc-
tion in non-renewable natural resources that sooner or later can escort to the global energy crisis. Currently
most war conflicts globally have the ground on the energy resources allocation (Alao & Olonisakin, 2000;
Billon, 2005; Escobar, 2006; Jewitt, 2008; Le Billon, 2001, 2007; Ross, 2004; Wegenast & Basedau, 2013).

Academics across a broad range of disciplines have been battling with the term “energy security” in
terms of its measurement, its concept and its interpretation for a number of centuries. Energy security in
the context of this research is defined as: the association between the national security, the availability of natural
non-renewable resources for the energy consumption and the potential to use rencwable resources effectively.

We suppose to consider the renewable resources as some lever weaken the tension that exists in the world.
This aspect makes any research dedicated to the renewable natural resources as an extremely promising.

Besides, the attempts to access natural energy resources there is the problem of environmental pollu-
tion. It pushes the developed countries to modify its energy strategies and seck new ways to solve the energy
problem. The EU set a goal to transit to the sustainable development. In the energy sector, the EU is mak-
ing significant efforts to improve its energy security, increase the usage of renewable energy resources, and
reduce the impact on the environment. The implementation of these measures, and achieved technological
breakthroughs, particularly in wind energy and biomass usage, inspires more ambitious plans.

At present, Ukraine’s urgent challenge is the integration of the domestic economy in the world, which
should give some benefits from the participation in the international division of energy resources. Further,
this expansion of international cooperation will require from Ukraine to implement agreed energy policy,
which would be coherent policy, especially with the European Community. Energy problems in Ukraine
have its own characteristics: first, Ukraine only on half provides itself with its own energy resources, and
secondly, it is almost entirely dependent on a single distributor - Russia.

This creates the research question: how Ukraine can become the energy secured country in the unison to the
neighbours and the global tendencies?

Policy recommendations are decision path premises for the development of an energy efficient com-
munity. Before the stage of policy recommendations, the analysis would bring the best know how by inte-
grating good practices transfer and case studies, national resources assessment on the short and long term.
Innovative strategic priorities should be taken into account.

By identifying the local/national needs, all the actors involved gain a certain degree of importance.
They are no longer just simple beneficiaries of developed policies — they become human security provid-
ers. Therefore, the connection to European values and ensuring a citizen-centred transfer of good practices
would ensure mutually beneficial interdependence between the existing resources and developed processes/
implementation mechanisms — decision making output and legitimacy:
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LOCAL NEEDS

T e

REGIONAL CONTEXT AND  #———p GOOD PRACTICE TRANSFER
EU STRATEGY

Changing the mentality of stakeholders in order to develop sustainable communities, remains the main
global policy challenge.

As the hypothesis of the research, we could consider the possibility of reduction of energy dependence
in the course of the development of energy efficiency and alternative energy source usage in Ukraine. To test
this, the following logical line could be proposed:

— Think over the possibility to weaken neighbour tension by means of energy issues;

— Find out what types of clean energy (renewable energy sources (RES)) today are designed and can be
used in practice for the most part efficiently;

— Review the effectiveness of non-conventional forms of energy on the example of world trends and the
practice of excellence in developed countries;

— Assess how promising is the introduction of renewable energy in Ukraine.

ENERGY SECURITY AND RES: LITERATURE OVERVIEW

Ukraine deliberately or not, but is involved in nearly all mainly powerful games that are nowadays
situated on the world chessboard.

According to Joseph Nye’s Commentary about the American Power in 21st Century, the world distribu-
tion of power is three-dimensional chess game:

1. There is large unipolarity in the military power with great anxiety of the U.S. to remain the only

superpower for some time;

2. There is already obvious multipolarity in the economic power for more than a decade. The key play-
ers are the U.S., Europe, Japan, and China. UN and others are gaining in importance.

3. “The bottom chessboard is the realm of cross-border transactions that occur outside of government
control. It includes diverse non-state actors, such as bankers electronically transferring sums larger
than the majority of national budgets, and, at the other extreme, terrorists transferring weapons or
hackers threatening cyber-security” (Nye, 2009).

We could add the fourth: having in mind that points 1 and 2 are bound with the state energy supply,
especially in the period of resource localization in other states; the energy security become an important
lever for the further world development and global polarity. Energy issues change the balance. More repeat-
edly such opinions are shared, especially in aspect of energy issues: “If there ever was a time in which the
United States could always be counted on to fill the gaps that may emerge in European defence that time is
rapidly coming to an end” (Ivo Daalder, the U.S. ambassador to NATO, January 2012) (Barry, 2012). As
even a slight look on the price volatility shows tight correlation between world policy and prices for energy
resources (Fig. 1)
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Fig. 1. Crude oil prices in history line 1861-2014
Source: BP Statistical Review of World Energy June 2015 bp.com/statisticalreview#BPstats.

Mentioned above adds to the Ukrainian crisis. Without Crimea, Ukraine seems to have lost a quite
significant part of its economic and energy future: oil and gas fields in valuable offshore blocks lie of the
Crimean peninsula (according to Ukraine Gateway; Broad, 2014). The Crimea peninsula represents about
20% and 40% respectively of total installed wind and solar PV capacities; 11 geothermal-circulation systems
are operating (IRENA, 2015). Before the overthrow of former President Viktor Yanukovych, Ukraine was
about to sign a contract with a group which includes Exxon Mobil and Royal Dutch Shell, prepared to in-
vest $ 735 million to install two active wells on the south-west Crimea (Bierman, 2014). The so-called area
Skifska that Shell and Exxon want to develop is a part of a marine extraction field which extends westward
along the coast of the Black Sea to the Romanian territorial waters. This quantity amounts to about 20%
of annual gas import of Ukraine. All new routes that supposed from Russia to Europe do not cross Ukraine
(Economist, 2014; CIEDR, 2014). Geopolitical interest resettlement towards Ukraine is closely connected to
the mercantile projections with access to the territorial sea and extraction perimeters.

As to the global oil production the leaders are Saudi Arabia (526 million tons per year), Russia (509 mil-
lion tons per year), followed by USA (352 million tons per year) (World Energy Council, 2016). Although,
if one is to glance on the distribution of other energy resources the evidence of 2016 shows that among
seven other possible sources of energy — Russia is in top-3 solitary in gas (occupying 1% position with 576
Mtoe per year), but USA are top-1 in nuclear, wind and geothermal energy sources, and are in top-3 as to
coal, gas and solar. Generally, USA are out the top in hydropower. Other leaders in energy producing are
France (nuclear), Germany (wind, solar), Italy (solar), Japan (nuclear), India (coal), China (coal, wind and
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hydropower), Canada (gas and hydropower), Pillipiness (geothermal), Indonesia (geothermal), and Brasil
(hydropower). Thus, best practices of renewable energy producing could be taken to Ukraine from Germany
(The EU) and China.

Literature review gives evidence that despite pro & cons in the efficiency and other market stimuli,
mostly political decision making initiatives play important role for choosing the source of energy, especially
in the aspect of RES (Balitsky, et al, 2014; Baublys, et al, 2014; Painuly, 2001). Hardly possible to find the
research that argues in negative aspects of RES implementations. RES considered as a panacea for energy
security (Akella, et al, 2009; Haas, et al, 2011; Sovacool, 2010), as well as one of the highly effective meth-
ods of carbon dioxide emissions reduction (Kharlamova, 2015a; Lutska, 2010). There are already enough
researches which statistically confirm that renewable energy resources appear to be the one of the largely
efficient and effective solutions (Dincer, 2000). Calculative surveys provide evidence of an intimate con-
nection between the renewable energy and the sustainable development in the EU states and in developed
countries without any concern (Balitskiy, et al, 2014; Chien & Hu, 2007; Henderson, et al, 2003; Institute
for the 21th Century reviews; Grecu & Nate, 2014). However, there are still a few stumbling-stones in the
RES launching over the world:

1. Despite the ambitious government targets to increase the share of renewable energy in many coun-

tries, it is increasingly recognized that social acceptance may be a constraining factor (Wiistenhagen,
et al, 2007; Upreti, 2004).

2. There is not the available grid capacity to spread this RES produced energy over the country
(Sorensen, 2011).

3. There is still no universal manual how to calculate energy efficiency of RES. How to make in-
vestments in RES plants more profitable in developing countries even without special regimes of
government support and taxation (Short, et al, 2005; Bergmann, et al, 2006). Open question is in
finding the balance point between prices and quantities regarding RES plants and RES production/
consumption (Menanteau, al, 2003; Chernyak & Slushaienko, 2014).

4. 'There are still concerns about marine renewable energy in aspects of its potential benefits to bi-
odiversity (Inger, et al, 2009). Thus, the deployment of marine RES has the potential to cause
conflict among interest group, including energy companies, the fishing sector and environmental
groups. Marine RES have the potential to be both detrimental and beneficial to the environment,
but the evidence base remains limited.

As well, positive approach to the RES varies in aspect of intensity of their productive impact on the
economy. There is the evidence that, for example, compared to non-OECD economies, OECD economies
have higher technical efficiency and a higher share of geothermal, solar, tide, and wind fuels in renewable en-
ergy. However, non-OECD economies have a higher share of renewable energy in their total energy supply
than OECD economies (Chien, Hu, 2007). Same diversity in RES positive effect absorption is marked
for the EU states (Haas, et al, 2011).

If to search for the analyses of RES in Ukraine the great lag appears to be in studies that provide
any calculative approach to RES efficiency, implementation prospective and, especially, in the intercon-
nection with the EU tendencies (Kondratyuk, 2009; Kharlamova, 2015b; Tarasenko, et al, 2013). Taking
into account these results, in the empirical part of this paper, we will use some statistical and calculative
techniques to investigate the prospective of RES in Ukraine in harmonization with the world and the EU
trends on the base of a time series data trends.
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RENEWABLE RESOURCES: WORLD TRENDS

The arguments in favour of renewable energy sources (RES) can be considered as:

— First, local energy does not require fighting for it. As wind, solar and bio-resources can be used only
where they are;

— Second, these resources are environmentally friendly, and its development provides an opportunity to
invest in the local economy;

— Third, renewable energy is relatively cheap and inexhaustible (Kharlamova, 2015b; Clowes & Choros-

Mrozowska, 2015).

However, the development of alternative energy requires significant investments. Renewables are among
25 projects across Europe that have won funding totalling €4.7 billion (£3.6bn) (according to Energy Live
news). Large-scale energy projects, such as building solar and wind power plants, can only be implemented
with government support. The developed countries like USA, Germany, Japan, and Denmark in its energy
policy paid great attention to the development of the alternative energy sector. Germany was the first coun-
try in the world that legally enacted the use of renewable energy. According to the Law discounted prices for
“green” electricity into the utility network were frozen for 20 years in Germany. In 2012, renewable sources
provided roughly 13% of the United States’ electric power production. Non-hydro renewables, which are
generally more intermittent and produce less power, accounted for approximately 6% of production—more
than twice what they delivered in 1990 (Institute for 21st Century Energy). According to the International
Energy Agency, by 2030 the share of electricity produced through alternative sources will double compared
with today’s figures, which constitute about 16% of total production.

According to British Petroleum statistics, already in 2014 renewable power consumption grew by 12%,
providing 6% of the world’s electricity. Renewables contributed 42.5% of the growth in global power gen-
eration in 2014, representing 28% of world energy growth. The OECD remains the main source of renew-
able power generation (68% of world total in 2014) (Annex 2).

The European Commission believes that by 2020 Europe’s fifth of the energy be produced from envi-
ronmentally friendly sources. For now Europe has such hierarchy of renewable sources: hydropower (top
1- Sweden), wind and solar (top -1 — Germany).

In 2014 investments in renewables increased by 21% and amounted to 272.2 billion dollars. Reduced
investing in the 2012-2013 could be partly explained by the uncertainty of policy incentives in the US
and Europe and declining support in some countries. In developing countries investments in renewables
increased by 36% to 131.3 billion dollars according to Bloomberg reports. While in developed countries
— only by 3% to 138.9 billion dollars. The share of investments in developing countries has increased to
a record in 49%, 63% of which was accounted for China. In considered 2014 increasing of green investment
a major role was played by the boom of solar power plants in China and Japan for a total of 74.9 billion dol-
lars. In 2014, over a quarter of new investments in renewables went to small-scale projects (about 73.5 bil-
lion dollars). Small-scale solar PV systems are distributed worldwide, mostly in developing countries, as an
affordable alternative to the centralized network. Investments in renewables spread to new markets: Chile,
Indonesia, Kenya, Mexico, South Africa, Turkey, where each country has invested more than $ 1 billion.
in RES. Jordan, Myanmar, Panama, the Philippines and Uruguay invested from 500 million to $ 1 billion
in RES. The 2014 year could be marked as the year of an increase in RES investment in all regions of the
world. Meanwhile, China’s share was 31% of the total. Investment in India grew to 7.4 billion dollars. The
rest of Asia and Oceania 9% increased investment to 48.7 billion dollars. Investments in Europe rose less
than 1%, to 57.5 billion dollars. United States invested more than 7% - 38.3 billion dollars (Bloomebrg,
2015; Renewables, 2015).
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In 2014 the top 10 domestic investors consisted of four developing countries, and six developed coun-
tries. China accounted for 30% of global investment in renewable energy (83.3 billion dollars), followed by
the US (38.3 billion dollars), then Japan (34.3 billion dollars), the United Kingdom (13.9 bn.), Germany
(11.4 bn.), Canada ($ 8 billion.), Brazil (7.6 billion USD.), India (7.4 billion USD.), the Netherlands (6.5
bn.), South Africa (5.5 billion dollars). Net investments in renewable energy for the fifth year in a row
(in 2014 - 242.5 billion dollars.) were prevailing over fossil fuel (132 billion dollars) (Global status re-
port, 2015).

Investments by type of technology vary as well in 2014. Thus, investments in solar energy increased by
25% to 149.6 billion dollars and counted 55% of all investments; in wind energy - by 11% to 99.5 billion
dollars (36.8% of all investments). The remaining 8% were directed to energy from biomass and waste (8.4
billion dollars). In 2014, developing countries still spend most of investments in wind energy, small hydro
and geothermal energy. Developed countries have kept most of the investments in solar power, but their
share dropped to 58% due to a surge in China, which has invested more than 25% of the total. The best
country in solar energy investor was Japan, which accounts for 23% of the global total, followed by the US
(19%). The best investors in wind energy were China (mainly due to expected reductions in tariff), UK,
Germany, Netherlands, Brazil and India. Other renewable energy technologies showed contrasting trends:
investments in small hydropower increased in developed countries, but declined significantly in develop-
ing countries; geothermal energy and biofuels declined in developed countries, but increased in developing
countries. Investments in biomass decreased in all countries, while marine energy investments increased
everywhere. According to Bloomberg New Energy Finance, the financing of large hydropower projects
commissioned in 2014 was about 31 billion dollars (Renewables, 2015; Bloomberg New Energy Finance
Report, 2015).

RENEWABLE RESOURCES FOR UKRAINE: SWOT — ANALYSES
AND PROSPECTIVE SCENARIO

Assessing the energy dependence of the country and the current state of the energy sector of Ukraine,
we primarily analyze the volumes of domestic levels in simultaneous comparison with world indicators
(Annex 2). All considered trends support the only conclusion — Ukraine is weak in the energy production
and not comparable with world leaders in the energy sector. The state is deeply energy-import dependent, so
cannot be for now ambitious energy player on the global energy scene.

STRENGHTS. The ranking representation (Table 1) shows that being in the lower segment of world rank-
ings on aspects of energy security; Ukraine shows positive tendencies to the improvement, however with
slow steps. So, it pushes the idea that Ukraine does not need any levers for the choosing direction on the
improvement, but has a deficit of mechanisms to stimulate and accelerate positive trends. Such mechanisms
are renewable resources and an effective usage of internal capacities of state energy security.

In Ukraine the share of energy extracted from renewable sources is about 6% in 2014 (according to the
State Statistics Committee of Ukraine). According to the Ukrainian energy strategy to 2030, the share of
alternative energy in the overall energy balance of the country should increase up to 20%.

Due to the high price of electricity produced from RES Ukraine implemented “green tariff”, the eco-
nomic mechanism aimed at promoting renewable energy power generation.
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Table 1
Dynamics of energetic performance of Ukraine in 2000-2014

Climate and Access to EPI Energy Trilemma Energy Energy Energy Security
Energy Electricity Index Security Equity Risk
0 1 1 1 1 0 !

( - Deteriorated, T- Improved, 0 - No change)

Source: authors’ compilation based on Energy 2020; World Energy Council; World Development Indicators;
International Energy Agency.

WEAKNESSES. However, despite the significant amount of laws, programs, regulations and other docu-
ments the dealing with implementation of RES in the country is too slow; the contribution to the energy
balance of the country is quite small and actually decreased last year from 8 to 6%.

Lacking in cooperation between political authorities and enterprises, weak involvement of private sector
in most fore of energy policy coordination boosted with the strained budget situation in the country makes
the RES implementation the question of the far future, thus increasing the state’s dependency on Russia.

Low public acceptance of wind energy, and, accordingly, no large wind power plants as well as no in-
struments to counter socioeconomic split in affordability of both RE-installation and EE-measures make all
slight efforts of government as unpopular.

No national grid for RES makes the RES consumption possible only in the place of its production, and
decrease the diversity of RES over the country.

OPPORTUNITIES. Wind energy is currently the most advanced type of RES in Ukraine. Ukraine has its
own advent of wind turbines (windmills) and its licensing. There are eight wind power plants (WPP) in the
Crimea, the Azov Sea and the Carpathian region. Since 1997, when adopted comprehensive program of
building wind plants, wind power in Ukraine received state support in the form of bonuses to the electricity
tariffs and direct funding.

Bio-energy in Ukraine has a wide range of raw materials that can be used both by direct combustion
and biogas, biodiesel, ethanol, solid fuel pellets and others. In addition to raw materials, in Ukraine there
is technology and industrial base for industrial development of biodiesel, bio-ethanol, bio-gas. However,
there are just individual examples of the construction of plants for bio-fuel production, development of new
processing technologies bio-sources. There are no technical specifications and regulations on the production,
storage and use of bio-fuel, thus any conditions for attracting investments in the construction of appropriate
factories.

Solar energy in Ukraine used at present only for hot water heating (using solar collectors and electricity
from photovoltaic cells). Solar collectors manufactured by enterprises of Ukraine, the domestic photovol-
taic installations are just beginning to enter the market, although there is an urgent need for raw materials
at a reasonable price. There is the extreme necessity in government support to revive the country’s current
production capacity of solar silicon (previously 10% of world productions were in Ukraine). The climatic
conditions of Ukraine, especially in southern regions, can support solar energy production.

Geothermal energy is an exceptionally promising source of energy for Ukraine. The most favourable
conditions for the use of geothermal waters exist in the Crimea (Tarkhankut and Kerch peninsula) and in
the Carpathian region. But even in these areas, less than 2% of capacity is produced. Geothermal water can
be used for heating and hot water. Ukraine has powerful resources of small hydropower - about 63 thousand
small rivers, the potential of which is up to 28% of the total hydro-potential of Ukraine.
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After analyzing the current situation with RES, the history of electricity trend since Ukraine’s independ-
ence shown (Fig. 2) that the volume of electricity production fell from nearly 300 billion kWh in 1990,
reaching a peak in the fall of 2000 - 160 billion (excluding the decline in production in 2009 and now low
production rate). There is still some rising seen in recent years.
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Figure 2. Electricity production since the independence of Ukraine (billion kWh)

Source: the State Statistics Committee of Ukraine; International Energy Statistics.

Compare the percentage of renewable energy sources change in the total output (Fig. 2) and separately
wind power and solar (Fig. 3).
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Fig. 3. The share of renewable energy in electricity production in Ukraine
(blue line - % of RES; red line - % of hydroenergy)

Source: the State Statistics Committee of Ukraine; International Energy Statistics.
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As shown in Fig. 3, the share of wind energy compared with the percentage that is produced at power
stations is extremely small, so the graphics and the share of renewable and hydroelectricity are imposed. This
trend traced by 2011. Then after the discovery of new wind farms and SES percentage increased almost three
times. But both lines tend to increase. This is due to the obligations Ukraine gave to the EU to support the
growing share of renewable energy in total output to 20% already in 2020, and with multimillion invest-
ments in this area.
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Fig. 4. The percentage change of wind and SES energy in electricity output in Ukraine
(blue line — wind RES, red line — SES)

Source: the State Statistics Committee of Ukraine; International Energy Statistics.

Wind energy in Ukraine was implemented in 1998 (the first wind farm in Tarkhankout Peninsula).
By 2011, the share of small wind farms growing rapidly, but then - after new capacity launching output
volumes grew significantly (Fig. 4).

As we can see, the share of wind and solar energy in the total output tends to increase. During the last
year the absolute gain used to be: AWRES = 0,272 x 109 kWh, and ASES = 0,357 x 109 kWh, and growth
rates T oo = 1.94 and T
sion in manufacturing of all kinds of energy production.

= 2.08 respectively. This is most clearly stands out against the backdrop of reces-

As to hydro-RES the volumes of production almost unchanged.

From policy view, unlocking the synergies between urban systems opens up a wealth of benefits — envi-
ronmental, social and economic. Encouraging multi and trans-disciplinary cooperation between stakehold-
ers like communities, municipalities, regional and national governments, institutes and universities, civil
society organizations and private companies, can achieve remarkable results in their cultural context by
working together /networking across boundaries to create better cities, to identify practical and integrated
systems solutions.

Developing visions, scenarios, strategies and solutions for sustainable urban development and renewa-
bles applications could be a new focus for energy policy in EU.

Urban resilience represents the durable ability of municipalities to take action, while continuing to
transform and develop. In a time of amplified preoccupations on ecological and social structure, compre-
hending how to strengthen such systems is indispensable. Urban resilience to the impacts of climate change
includes health and safety aspects, food security and energy provision. It must be related to the larger
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circumstance of the adjacent neighbourhood (local, national and global interdependencies), including the
provision of vital resources as water, food, energy resources, labour, capital and functional markets.

An integrated approach to urban development will identify contrary policies and consider alterna-
tive development scenarios at an early stage in planning processes, and involve stakeholders in balancing
different objectives to achieve solutions that best combine ecological, socio-cultural, economic and spatial
considerations.

Auwareness rising is the starting point for participation and the quality of urban planning processes and
their outcomes is significantly affected by the degree of openness and participation. For example, both pro-
ducers and consumers need to be informed about environmental problems and engaged in solutions.

THREATS.

Occasionally arbitrary and lengthy approval procedures for (small) wind energy and water plant. The
main constraint on the development of wind energy in Ukraine is the low technical and economic efficiency
of wind turbines, which does not allow it to compete on equal terms with traditional forms of energy. The
way to achieve higher performance - is to increase unit capacity of wind turbines to the megawatt class,
attracting private capital to invest in wind power industry. This will facilitate the introduction of so-called
“green” tariff.

— Lack of coordination between regions, Ukraine and its partners (the EU through EaP).

— Low feed-in-tariffs for wind energy

— Global financial crisis potentially affecting power plant operators via credit requirements, war-conflict
in the East, high risks for potential investors.

— The Crimean crisis and the continuing instability in Eastern Ukraine have turned into a rude wake up
call for Ukraine, and the whole Europe’s energy security vulnerabilities (Vladimirov, 2015; CSD Policy

Brief No. 47: EU and NATO’s role in tackling energy security and state capture risks in Europe).

EVALUATING THE EFFECTIVENESS OF THE RES IMPLEMENTATION
IN UKRAINE: EMPIRICAL RESULTS

The definition of renewable energy sources implies that to maintain its production there is no need in
raw materials and, consequently, recycling of wastes. Therefore, most of the indicators used to determine
the effectiveness of innovation and new technologies in production are not quite fit to assess issues with
RES. However, it is possible to use a system of indicators of technological, economic, social and ecological
performance (Annex 1).

Process (technological) efficiency is characterized by complex of physical and cost indicators that reflect
the degree of land usage, labour, material resources in the production of electricity: absolute growth rates and
general public production; output increase of each type of alternative energy sources; the total percentage
of RES. Social efficiency involves improving of living conditions, the degree of social development, include
wages and profit per employee. Environmental efficiency is regarded as preserving the environmental situ-
ation with the growth of productivity and the provision of clean energy. Environmental efficiency is deter-
mined by a reduction of environmental pollution, and other non-waste production. Since RES do not carry
the pollution itself. The criterion of economic efficiency is the growth of labour productivity. Renewable
energy consumption (% of total final energy consumption) and Renewable electricity output (% of total
electricity output) are considered as the result, dependent variables.
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This table could be as well considered as a calculative basis for SWOT — analyses of RES. By means of
correlation analyses implementation (£=0,1) we could arrange set of factors that has tight correlation with
Renewable energy consumption (% of total final energy consumption) and Renewable electricity output (%
of total electricity output) — see figures in parenthesis, correspondingly (Annex 1). These are selected factors
which p > +0.7 showing high dependency. Data set is 1990-2014 annual performance.

We received such evidence on the base of correlation analyses for the considered period in Ukraine:

1. RES production has a potential to replace oil, gas and coal sources, however not same could be said
about nuclear power;
2. RES production opens new projects in industry thus the employment rate in industry can grow, but not
such could be said about agriculture;
. In recent years RES production had quite low level of impact on the economic performance;

1NN

. RES have positive effect on the environment in Ukraine in analyzed period;

5. RES consumption has a potential to boost positive effects of alternative energy resources, more than
even its production. That evokes the idea of necessity to implement policy and some actions to motivate
namely private consumers and industry to increase the consumption of RES. Then it could motor the
increase of RES production, obviously.

Renewable energy consumption and production (% to total energy volumes) in Ukraine has positive
correlation (61%) in 1990-2014 period. That is positive but still low level. Means that increasing part of
RES in total energy production not fully be reflected in increasing of it consumption. That mostly indicates
quite resistance of population and industry to use RES power capacities.

Having the results of correlation analyses, we step in further statistical performance for most significant
indicators (1990-2014, Ukraine): despite the assembling of Annex 1 on the correlation matrix analogue,
we do not consider the direction of impact, as it is unclear in the capacity of correlation analyses. As a cor-
relation coefficient just shows us the density and effective communication between factor variables for their
linear dependence. By means of correlation we can detect only strong interdependence in time series of
representative indexes but cannot deep in the nature of such dependency. The direction of the dependency
stays unclear. The causes preceding the correlation, if any, may be indirect and unknown. High correlations
also overlap with identity relations (tautologies), where no causal process exists. For depicting the main
causes and sequences in tendencies in the analyses we propose to use the Granger causality test. We pushed
off the following assumptions that the correlation does not necessarily imply causation in any meaningful
sense of that word. The econometric graveyard is full of magnificent correlations, which are simply spurious
or meaningless. The Granger approach (1969) to the question of whether X (independent variable) causes
Y (depended variable) is to see how much of the current Y can be explained by past values of Y and then to
see whether adding lagged values of X can improve the explanation (Green, 1993). This approach helps us
to understand what the main development indicator and of what state can cause the integration/develop-
ment tendencies and can be the best indicator of its happening. Before application Granger test we clarified
each of the time-series to determine their order of integration - involved a test (such as the ADF test) for
which the null hypothesis is non-stationarity. Implementation of Granger causality test in EViews provided
us with such resulting claims (at the appropriate level of F-stat) about link directions for considered data
and states (Annex 3,4): we cannot reject the hypothesis that all performance indicators does not Granger
cause RESCONSUME and we do not reject the hypothesis that RESCONSUME does not Granger cause
the indicators (for all analyzed indicators). Therefore it appears that Granger causality runs both way for
RES consumption (% of total final energy consumption) and most significant performance indicators of
Ukraine. This means that RES are flexible to the internal situation in the country, and their positive effect
can be easily absorbed inside of the country.
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Taking into account the economic, social, technological and environmental performance in the long

term will provide the best results in RES usage and help improve the production environment and supports

energy security. To assess the effectiveness of these facilities, the thorough analyses of thematic literature

(Kharlamova & Nesterenko, 2015; Chernyak & Slushaienko, 2014) let us suggest a system of indicators of

four types of efficiency (Fig. 5).

The efficiency of RES
implementation

Teecgtlvflc?leg%l;al Economic efficiency
Production | ] Costs
indicators
Ecological
efficiency
- Productivity
Growth of A
; | —
production
; The coefficient of
Social efficiency poIIILTtdi:)c:trZ:isu?:fcion [ Jeconomic efficiency
Rents
1 Payback time
Wages/Salaries Profit per one worker|
et Profit

Efficiency of Natural Resources

Figure 5. The system of indicators to determine the efficiency of RES implementation

Source: Compiled by authors.

To assess the effectiveness of the implementation of RES over the last few years in Ukraine, we step to

calculate the power of plants in view of different RES per year. (Fig. 6).
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Fig. 6. Power of energy plants for 2005-2013, MW (blue — wind RES plants,
red — small hydro-energy plants, and green — SES plants)

Source: the State Statistics Committee of Ukraine; International Energy Statistics

As for large hydro-energy plants the capacity has not amended per year, we do not take it in account.
Indicator of absolute capacity growth of each type of RES plant is shown below:

AWRES,  .=371.7 - 262.8 = 108.9 MW

2013

ASES, . =563.4—-317.8 =245.6 MW

2013

AsmallHRES, =77 -73 =4 MW

2013

We intentionally stop on 2013, as from 2014 Ukraine is in conflict period, Crimea was invaded by the
neighbour state, thus assessments of 2014-2015 are quite fragile if so. Table 1 shows data on the average cost
of building of power plants of various types with IMW capacity, the purchase price of 1 kWh of electricity
and others.

Table 3
Basic economic characteristics in view of all types of RES plants

Type of RES plant Wind Solar Hydro
Price of construction of 1 MW capacity, min UAH 15 18 12
the “green tariff” coefficient 2,1 3,6 1,6
Realization Price of 1 kWh of electricity, kop.
(Coefficient x 58,46 kop. / KWh) 122,77 2104 93,54
Total number of employees 433 500 12
The average salary, UAH 7300 6400 7500
Full capacity hours 600 2200 1314
Total working hours 6000 2200 8760
Area, ha 142 500 -
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Service life, years [ 25 | 40 | 80 |

Source: Calculated by the authors on the base of indicators from Donuzlavska and Botiyevska WRES plants, Sambor
and Ohotnivska SES plants, Ladyzhyn and Hlybochatska HRES plants.

According to the technological features, wind power can work only when the wind speed is more than 3
m/s. Ukraine’s average number of appropriate days is 240-260 days a year. However, the full power of wind
plants can be only 10% of the time. The rest of time there is just 80% capacity in average.

Solar power plants work at full capacity only in sunny hours. On average, there is entire 2100-2300
such hours a year in Ukraine.

Hydroelectric power plants that run on “green tariff” have the right to work round the clock. But be-
cause of the volatility of the water regime even on mountain rivers, hydroelectric power plants operate at full
capacity about 15% of the time per year, and the rest - 70% capacity on average. However, it is worth con-
sidering as well the fact that the consumers receive only about 15% of RES electricity through various losses.

Also for next stage of calculations the indicators we specified, the following data should be accounted
as the average price per hectare of land in lease in Ukraine for 1 year - 310 UAH/ha (prices of 2013).
The maximum amount of power that could be produced by a new power plant a year is calculated by:

P= E , then E = Pxt, where: E — energy produced, Joules; t — work time, seconds.

t
Calculate the possible amount of energy produced according to Table 3:
For wind RES:
EWRE52013: 0,l xtxP+0,9xtxPx0,8=0,1x216x10°sec x 108,9x10°W + 0,9 x 0,8 x 216x10° W x
108,9x10° sec = 19,29x10™] = 0,536x10° kWh
For solar RES:
Eq 0= D x €= 245,6x10° W x 792x10sec = 19,45x101] = 0,54x10° kWh
For small hydroRES:

EsmallHRES2013 = 0,15 x t x P + 0,85 x t x P x 0,7 = 0,15 x 315,36x105 sec x 4x106 W+ 0,85 x
315,36x105 sec x 4x106 W x 0,7 = 0,94x1014 J = 0,026x109 kWt

Next it is necessary to calculate the efficiency ratio and the payback period of possible capital invest-
ments. Thus we calculate the total amount of the investment and possible profit:
— multiply the power on the cost of construction of one MW,
— the possible return (price of kW x h of electricity multiplied by the maximum possible amount of en-
ergy, calculated above) deduct on the full costs.

Kypes = 108,9 MW x15000000 UAH/MW = 1633500000 UAH.

K= 245,6 MW x18000000 UAH/MW = 4420800000 UAH.
K, s = 4 MW x12000000 UAH/MW = 48000000 UAH.
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To calculate fixed costs we use the following parameters:

S - area of power plants, ha;

P - price of annual lease of 1 ha of land, UAH;

W - the average salary in power plants of this type;

n - the total number of employees;

A - amortization, calculated on a straight-line basis: the quotient of the original value of fixed assets for
the period of their service. We calculate these figures for each type of RES power plant:

Ayges = Kps/ Tymes = 1633500000 UAH / 25 = 65340000 UAH
Ay = K /T, = 4420800000 UAH / 40 = 110520000 UAH
/T = 48000000 UAH / 20 = 600000 UAH

small HRES ~ KsmallHRES small HRES

Now fixed costs can be counted as:

FCpps=SxP+Wxnx12+A= 142 ha x 310 UAH/ha + 6200 UAH x 433 x 12 +
65340000 UAH = 103314820 UAH

FCy=Sx P+ W x nx12 + A = 500 ha x 310 UAH/ha + 6400 UAH x 500 x 12 +
110520000 UAH = 149075000 UAH

FC SxP+Wxnx12+A=7500UAH x 12 x 12 + 600000 UAH = 1680000 UAH

small HRES ™~

Now we calculate the level of efficiency for investments as cost-effectiveness ratio of capital expenditure:

El=(PxQ-FC)/K.

For wind RES:
Elpgsaons = (0,536x10% kWh x1,228 UAH/kWh - 37974820 UAH) / 1633500000 UAH =
619812107,60 UAH/ 1633500000 UAH = 0,379.
Then, Tpavback wies = VEppe= 2,035 year.
For solar RES:
El.,, = (0,54x10° kWh x 2,104 UAH/kWh — 38555000 UAH) /4420800000 UAH -
1098278280 UAH /4420800000 UAH = 0,248.
Then, T\ s = VEq = 4,025 year.
For small hydroRES:
EL s = (0:026x10° kWh x0,935 UAH/KWh — 1680000 UAH) /48000000 UAH
=22727988,00 UAH / 48000000 UAH = 0,473.
Then’ Tpavback small HRES — l/EsmallHRES = 2’1 12 year.

As for all type of RES plants EI>0,15, then with this first look assessments we proved the hypothesis
that investing in RES plants in Ukraine has sence and can be profitable (base on 2013 price level).

However, all calcualtions above considered option of “green tarrif”. Thus it seems obvious to make
calculations in regime of the absence of the “green tariff”, and the price is considered as average purchasing
for other types of power. It is calculated as a weighted average purchasing price for thermal, nuclear and
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large hydro-power plants, thus the price of each type will be multiplied by the share of output for the year,
products will be sum up, and the sum will be divided by 100.

P = ma * Wenermat* Prsctcar X Woneter * Phydro x Whydro)/ 100 =
(54,6 kop/kWh x 0,475 + 21,03 kop/kWh x 0,4601 + 19,31 kop/kWh x 0,0587)/100 =
0,367 kop/kWh

Calculations of cost-effectiveness ratios, annual earnings and payback periods without the use of the
“green tariff” are the following:

For wind RES:
EL' o0, = (0,536x10° kWh x 0,367 UAH/kWh — 37974820 UAH) / 1633500000 UAH =
158659376 UAH/ 1633500000 UAH =0,097.
Thus, Tlpavback see = VE' o= 10,3 year.
For solar RES:
El'q,015 = (0,54x10° kWh x 0,367 UAH/kWh — 38555000 UAH) /4420800000 UAH =
159742440 UAH /4420800000 UAH = 0,036.
Hence, Tlpayback aBg = 1/E1SES = 27,67 year.
For small hydroRES:
EIL o= (0,026x10° kWhx 0,367 UAH/KWh — 1680000 UAH) /48000000 UAH
=7900461,6 UAH / 48000000 UAH =0,161.
Therefofe, Tlpa sback smallHRES — 1/E‘lsmallHRl:'S = 6’08 year.

Thus, we received that effectiveness coefficients for solar and wind power is less than 0.15, and therefore
the investing in such projects at an average price, ie without the use of the “green tariff” stimulating policy
of Ukriane, would be inappropriate. Thus, we regect the hypothesis that the alternative resources in Ukraine
are interesting for the investing and implementation without any smart governement policy of stimulatng.
A similar ratio for small hydropower plants close to the base, so even at this purchasing price investments in
hydropower in Ukraine could be appropriate.

Thus, we recieved the important conclusion that the “green tariff” indeed makes RES projects more
attractive for investments.

For more ground conclusions calculate such indicators as self-cost (S), productivity (L) and the amount
of earnings per employee (M) for each type of RES power plant. Quite obviously the productivity is calcu-
lated as the quotient power produced per year in kWh on the number of employees. Self-cost is the ratio of
all costs of production and the quantity of production. Calculate and compare these figures with the cost of

=0,05 UAH/kWh , S = 0,14 UAH/kWh.

other forms of power that is S
nuclea

thermal

wind RES solar RES small hydroRES
I"WRF,SZ[)I} = EWRF_SZ(]I} /n = LSFSZOI3 = ESF.SZOI3 /n = L smallHRES 2013 = E smallHRES 2013
Productivity (L) 0,536x10°kWh /433 = 0,54x10° kWh / 500= /m=0,026x10°kWh /12 =
1237385,68 kWh per capita 1080640 kWh per capita 2175400 kWh per capita
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A t f . MWRESZU]3 = TRWRESZU]3 /n = MSESEUI} = TRSESZU]3 /n = M smallHRES 2013 = TR smallHRES 2013
mount O CAMINES PCI' | ¢19812107,60 UAH /433 = | 1098278280 UAH/500= | /n=22727988 UAH/12=
employee (M)
1431436,74 UAH per capita | 2196556,56 UAH per capita 1893999 UAH per capita
S smallHRES 2013 =
Swssaons FCuasana/ S =FC /E = | FCsmallHRES 2013 /E
E — 103314820 UAH / SES2013 SES2013" ZSES2013 sma
Self-cost (S) WRES2013 149075000 UAH / 0,54x10° | smallHRES 2013 = 1680000
0,536x10°kWh= 0,0709 UAH/
KWh kWh =0,0714 UAH/kWh UAH/0,026x109 kWh =
0,0644 UAH/kWh

Quite seen that self-cost for thermal power plant performance are superior to similar data for RES
power plants. This is because thermal power plants need extra fuel costs and its utilization. Similar figures
for nuclear power plants are lower. This is due to lower gross costs, greater efficiency, compared to thermal
power plants, as well as the possibility of continuous operation at full capacity. In terms of productivity and
self-cost, the leading is hydropower among RES, but as to the profit per employee it is higher in SES. High
productivity and low costs on small hydropower plants are associated with their small production capacity
and a small number of employees.

The maximum possible annual electricity production of all types of renewable energy that were imple-
mented in 2013 is 1,102 x 10°KWh. Since the thermal power plant to generate 1 kWh requires 0.5 kg of
coal, then new capacity in renewable energy allows saving more than 5.5 mln. tons of coal and reduce emis-
sions by nearly 16,000 tons per year.

CONCLUSIONS AND DISCUSSION

This research has an important political component, because Ukraine is trying to integrate its economy
into the EU. Further expansion of international economic cooperation requires the implementation of
energy policy, which would be a coherent policy of leading countries, especially the European Community.
Another and perhaps the most important aspect is the energy dependence of Ukraine. And one of the out-
puts of this situation is seen in the development of alternative energy sources (RES).

However, the question remains insufficiently illuminated on the reasons for the low rate of implementa-
tion of non-conventional renewable energy sources, assess of its effectiveness and identification of the most
appropriate RES for Ukraine.

Conducted calculations proved (on the base of pre-war 2013 year) that there is the sense and possibility
of profit in investing in RES power projects in Ukraine, however mostly in regards to existence of “green
tariff”.

Having analysed the economic, social, technological and environmental performance of RES in
Ukraine, it can be concluded that the policy implementation of alternative energy in Ukraine could be still
effective. First of all it is not scattered from the world. Second, the state creates adequate conditions for in-
vestments in this area. As well the power capacity, the percentage of electricity generated and annual produc-
tion volumes for this type of power is growing from year to year. And as the technology is not standing still,
thus new technologies in the field of renewable energy in the future will make investments in these projects
profitable without the use of the “green tariff” in Ukraine.

Results of statistical analyses should encourage more deep consideration of energy security of Ukraine
at the local level: there is a need in evolution and “Ukrainian” meaning of energy security — the state should
come out step by step from state to regional and local concern about RES. In aspect of RES, it is to be as-
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sumed that the importance of local energy security will grow in the future, as a result of consistent imple-
mentation of administrative reforms, involving i.e. delegation of powers of central government to provinces,
districts and municipalities. Before entry to the EU and being member of EaP Ukraine should consider the
following aspects of energy security in three different administrative dimensions:

1. National: creating conditions for the unhindered development of the infrastructure of international,
inter and intra regional links (especially for RES), enabling reliable and unlimited provision of transit,
transmission and regional RES energy distribution;

2. Regional: boosting the ability and willingness of industries and private consumers to provide energy
transmission services for municipalities and energy exchange as to RES production and consumption;

3. Local: insuring the reliability and continuity of supply of RES energy.

Thus, based on the evidence of just positive effects even small volumes of RES implemented Ukrainian
energy security should consider the diversification of energy supplies not only as external issue but as well
as internal (RES). To ensure certainty of supply at an acceptable for society and the economy price the
government should keep “green tariff”, simplify the nationwide administrative procedures but also propose
manuals for consideration of the optimum utilization of domestic energy resources, while applying new
technologies and active participation in international initiatives on environment and energy. Ukraine should
strive to take into account the specificity of prepared solutions of the Ukrainian economy thus the shift from
oil-gas scenario to gas-RES scenario.

In order to articulate the energy strategy and policy at the European level, an analysis of communities’
energy development potential, as well as the feasibility and urban design components must be financed first
through EU or EaP programs. In this sense, there is a need of a methodological framework at the national
level, based on variables and predetermined development indicators for monitoring and evaluation of energy
projects. Ideally, it should encourage greater autonomy of the municipalities and regional administrations,
consequently leading to a synergic compatibility of local development needs with their strategic aspirations,
without a noticeable interference with multiple bureaucratic and hierarchical obstacles at the national level.
Thus, a redistribution of prerogatives towards local governments and citizens through an adjustment of the
national legislation would facilitate a proper implementation of energy projects.

Creating conditions for the development of standard implementations procedures at the European and
national levels, debates focused on the convergence of local projects and their integration into the national
and European level should become the main objective during the implementation of local energy pro-
jects. This step becomes more effective once the growth and development of social infrastructure for energy
is stimulated through identifying a co-interest between the citizens, the public sector, academic and business
environment. It is recommended to identify a clear set of steps to access the benefits and responsibilities/
liabilities of the actors involved, both providers and recipients of energy. The development of a manual of
good practices for the development of energy efficient communities should ensure the convergence of future
strategies, policies, tools, procedures and results at the national and EU/EaP level.

In order to provide short-term (1-2 years) energy security and rational exploitation of the environ-
ment, the national government along with the EaP programmes must be engaged in an effort to ensure
de-bureaucratization and decentralization of energy policies in order to support specific implementation of
models/local projects for future sustainable bio-communities.

106



Renewable energy and security for Ukraine:
Ganna Kharlamova, Silviu Nate, Oleksandr Chernyak challenge or smart way?

REFERENCES:

Akella, A. K., Saini, R. P, & Sharma, M. P. (2009). Social, economical and environmental impacts of renewable energy
systems. Renewable Energy, 34(2), 390-396.

Alao, A., & Olonisakin, "Funmi. (2000). Economic fragility and political fluidity: Explaining natural resources and
conflicts. International Peacekeeping, 7(4), 23-36. http://doi.org/10.1080/13533310008413861

Balitskiy, S., Bilan, Y., & Strielkowski, W. (2014). Energy security and economic growth in the European Union. Journal
of Security and Sustainability Issues, 4(2): 123-130. http://dx.doi.org/10.9770/jssi.2014.4.2(2)

Barry, J. (2012). Historic Shift In U.S. Defense Strategy Will Have Major Impact On
Europe. Available at: http://www.europeaninstitute.org/index.php/147-european-affairs/
ea-april-2012/1560-historic-shift-in-us-defense-strategy-will-have-major-impact-on-europe

Baublys, J.; Miskinis, V.; Konstantinavi¢iaté I.; Lekavi¢ius V. (2014). Aspirations for sustainability and global energy
development trends, Journal of Security and Sustainability Issues 3(4): 17-26. DOI: http://dx.doi.org/10.9770/
55i.2014.3.4(2)

Bergmann, A., Hanley, N., & Wright, R. (2006). Valuing the attributes of renewable energy investments. Energy policy,
34(9), 1004-1014.

Bierman, S. (2014) Ukraine Crisis Endangers Exxon’s Black Sea Gas Drilling: Energy. Available at: http://www.bloom-
berg.com/news/articles/2014-03-10/ukraine-crisis-endangers-exxon-s-black-sea-gas-drilling-energy

Billon, P. Le. (2005). Fuelling War: Natural Resources and Armed Conflict. Adelphi Papers, (373), 5-92. http://doi.
org/10.4324/9781315019529

Broad, W. (2014). In Taking Crimea, Putin Gains a Sea of Fuel Reserves. 7he New York Times, April, 2014. Available at:
http://www.nytimes.com/2014/05/18/world/europe/in-taking-crimea-putin-gains-a-sea-of-fuel-reserves.html?_r=0

Chernyak, O. L., & Slushaienko, N. V. (2014). System Principles Of The Socially Responsible Investing Of Power
Projects Of Ukraine. Bulletin of Taras Shevchenko National University of Kyiv. Economics., 6(159), 11-16. htep://
dx.doi.org/10.17721/1728-2667.2014/159-6/2

Chien, T., & Hu, J. L. (2007). Renewable energy and macroeconomic efficiency of OECD and non-OECD econo-
mies. Energy Policy, 35(7), 3606-3615.

CIEP (2014) Russian Gas Imports to Europe and Security of Supply - Fact sheet. Available at: www.clingendaelenergy.
com/files.cfm?

Clowes, D., & Choro$-Mrozowska, D. (2015). Aspects of global security — the measurement of power & its projection.
Journal of International Studies, 8(1), 53-66. DOI: 10.14254/2071-8330.2015/8-1/5

Dincer, I. (2000). Renewable energy and sustainable development: a crucial review. Renewable and Sustainable Energy
Reviews, 4(2), June, 157-175. doi:10.1016/51364-0321(99)00011-8

Energy 2020 — A strategy for competitive & sustainable and secure energy/ Communication From The Commission To
The European Parliament, The Council, The European Economic And Social Committee And The Committee Of
The Regions, COM (2010) 639 final, 10 November 210, European Commission’s Directory - General for Energy
and Transport [E-resource]. Access mode: http://ec.europa.eu/energy/strategies/2010/2020_en/htm

Escobar, A. (2006). Difference and Conflict in the Struggle Over Natural Resources: A political ecology framework.
Development, 49(3), 6-13. http://doi.org/10.1057/palgrave.development.1100267

European Energy and Transport, Trends to 2030 — update 2005, European Communities, 2006, 146 p.

Global trends in clean energy investment, October 2015. Bloomberg New Energy Finance. http://about.bnef.com/con-
tent/uploads/sites/4/2015/10/2015-10-08-Clean-Energy-Investment-Q3-2015-factpack.pdf.

Grecu, V., & Nate, S. (2014). Managing Sustainability with Eco-Business Intelligence Instruments. Management of
Sustainable Development, 6(1).

Greene, W. H. (1993). Econometric Analysis, fifth edition. — Prentice Hall., 1040 p.

107



Journal of International Studies Vol. 9, No.1, 2016

Haas, R, Resch, G., Panzer, C., Busch, S., Ragwitz, M., & Held, A. (2011). Efficiency and effectiveness of promo-
tion systems for electricity generation from renewable energy sources—Lessons from EU countries. Energy, 36(4),
2186-2193

Henderson, A. R., Morgan, C., Smith, B., Serensen, H. C., Barthelmie, R. J. and Boesmans, B. (2003). Offshore Wind
Energy in Europe— A Review of the State-of-the-Art. Wind Energy. 6(1), January/March, 35-52, DOI: 10.1002/
we.82

Inger, R., Attrill, M. J., Bearhop, S., Broderick, A. C., James Grecian, W., Hodgson, D. J., ... & Godley, B. J. (2009).
Marine renewable energy: potential benefits to biodiversity? An urgent call for research. Journal of Applied Ecology,
46(6), 1145-1153. DOI: 10.1111/j.1365-2664.2009.01697 .x

Institute for 21th Century Energy. U.S. Chamber of Commerce. [E-resource]. Access mode: http://www.energyxxi.org/
international-energy-security-risk-index-2013

International Energy Statistics. EIA U.S. Energy Information Administration. [E-resource]. Access mode: http://www.
eia.gov/countries/country-data.cfm?fips=up

International Energy Agency. World Energy Outlook. [E-resource]. Access mode: http://www.worldenergyoutlook.org/
resources/energydevelopment/energyaccessprojectionsto2030/

IRENA (2015). REMAP 2030. Background Paper Renewable Energy Prospects For Ukraine. Available at: www.irena.
org/remap

Jewitt, S. (2008). Political ecology of Jharkhand conflicts. In Asia Pacific Viewpoint (Vol. 49, pp. 68-82). http://doi.
org/10.1111/j.1467-8373.2008.00361.x

Kharlamova, G. (2015a) The Energy Component of the Environmental Security: Ukraine in the Mirror.
Bulletin of Taras Shevchenko National University of Kyiv. Economics, 1(166), 72-79. DOI: dx.doi.org/
10.17721/1728-2667.2015/166-1/11

Kharlamova, G. (2015b). National security of Ukraine under the current geostrategic tendencies. Studia Securitatis, 3
(IX), 7-24.

Kharlamova, G.,Nesterenko, V.(2015). Ecological Economicsvs. Economic(al) Ecology. Bulletinof Iaras Shevchenko National
University of Kyiv. Economics, 9(174), 83-98. DOI: http://dx.doi.org/10.17721/1728-2667.2015/174-9/14

Kondratyuk, O. V. (2009). Renewable energy sources in Ukraine. “Economics for Ecology” ISCS2009, 61.

Le Billon, P. (2001). The political ecology of war: Natural resources and armed conflicts. Political Geography, 20(5),
561-584. http://doi.org/10.1016/S0962-6298(01)00015-4

Le Billon, P. (2007). Securing Transparency: Armed Conflicts and the Management of Natural Resources. International
Journal, 62(1), 93-107.

Lutska, I. (2010) Economic And Environmental Aspects Of Renewable Energy, Economics ¢ Sociology, 3(1a). DOI:
dx.doi.org/10.14254/2071-789X.2010/3-1a/9

Menanteau, P, Finon, D., & Lamy, M. L. (2003). Prices versus quantities: choosing policies for promoting the develop-
ment of renewable energy. Energy policy, 31(8), 799-812. doi:10.1016/S0301-4215(02)00133-7

Nye, J. S. (2009). American Power in 21st Century. Available at: http://belfercenter.ksg.harvard.edu/publication/19554/
american_power_in_21st_century.html

Painuly, J.P. (2001). Barriers to renewable energy penetration; a framework for analysis. Renewable Energy. 24(1),
September, 73-89. doi:10.1016/50960-1481(00)00186-5

Putin’s pipelines. How reliant is Europe on Russian gas? (2014) Economist. Available at: http://www.economist.com/
blogs/graphicdetail/2014/04/daily-chart-1

Renewables 2015. Global status report, 2015. Renewable Energy Policy Network for the 21st Century. Paris, France:
REN21 Secretariat, 251 p.

Ross, M. L. (2004). What Do We Know about Natural Resources and Civil War? Journal of Peace Research, 41(3),
337-356. http://doi.org/10.1177/0022343304043773

108



Renewable energy and security for Ukraine:
Ganna Kharlamova, Silviu Nate, Oleksandr Chernyak challenge or smart way?

Short, W., Packey, D. J., & Holt, T. (2005). A manual for the economic evaluation of energy efficiency and renewable energy
technologies. University Press of the Pacific.

Sorensen, B. (2011). Renewable energy. Elsevier.

Sovacool, B. K., Brown, M. A. (2010). Competing Dimensions of Energy Security: An International Perspective. Annual
Review of Environment and Resources, 35, 77. doi:10.1146/annurev-environ-042509-143035

Tarasenko, S. Y., Polishchuk, V. M., & Dubrovina, O. V. (2013). Renewable energy sources in Ukraine. Scientific Journal
NUB:P Ukraine. Series: Engineering and Energy AIC, (185).The State Statistics Commitzee of Ukraine. [E-resource].
Available at: http://www.ukrstat.gov.ua/

Ukraine Gateway. http://ukraine-gateway.org.ua/country-guide/general-overview/natural-resources.html

Upreti, B. R., & van der Horst, D. (2004). National renewable energy policy and local opposition in the UK: the failed
development of a biomass electricity plant. Biomass and bioenergy, 26(1), 61-69.

Vladimirov, M. (2015) The Black Sea post-Crimea: a view from Bulgaria. hup:/fwww.roec.biz/bsad/portfolio-izem/
the-black-sea-post-crimea-a-view-from-bulgarial

Wegenast, T. C., & Basedau, M. (2013). Ethnic fractionalization, natural resources and armed conflict. Conflict
Management and Peace Science, 31(4), 432—457. http://doi.org/10.1177/0738894213508692

World development indicators (WDI) [E-resource]. World DataBank. Access mode: http://databank.worldbank.org/data/
views/reports/tableview.aspx

World  Energy  Council. [E-resource]. Access mode: http://www.worldenergy.org/data/trilemma-index/country/
ukraine/2014/

Wiistenhagen, R., Wolsink, M., & Biirer, M. J. (2007). Social acceptance of renewable energy innovation: An introduc-
tion to the concept. Energy policy 35(5), 2683-2691.

109



Journal of International Studies

Vol. 9, No.1, 2016

Annex 1

World Bank indicators available (63) to perform RES in efficiency coordinates: case of Ukraine

Indicators of technological performance

Indicators of economic performance

1

2

— Access to electricity (% of population) (0.99/ 0.73)

— Alternative and nuclear energy (% of total energy use)
(0.83/0.73)

— Electric power transmission and distribution losses (%
of output) (- 0.03 / 0.63)

— Electricity production from hydroelectric sources (% of
total) (0.54 /0.99)

— Electricity production from nuclear sources (% of total)
(0.67/0.83)

— Electricity production from oil, gas and coal sources (%
of total) (- 0.68 /-0.87)

— Electricity production from renewable sources, exclud-
ing hydroelectric (kWh) (0.69/0.71)

— Energy intensity level of primary energy (MJ/$ 2011
PPP GDP) (0.53/0.15)

— Energy use (kg of oil equivalent per capita) (0.70 / 0.83)

— Access to non-solid fuel (% of population) (0.93 / 0.83)

— Combustible renewables and waste (% of total energy)
(0.98/0.45)

— Electric power consumption (kWh per capita) (0.34 /
0.84)

— Electricity production from coal sources (% of total)
(-0.50/-0.31)

— Electricity production from natural gas sources (% of
total) (-0.95/-0.48)

— Electricity production from oil sources (% of total)
(-0.65/-0.80)

— Electricity production from renewable sources, exclud-
ing hydroelectric (% of total) (0.71 /0.73)

— Energy imports, net (% of energy use) (-0.83 / - 0.38)

— Coal rents (% of GDP) (- 0.59 /-0.12)

— Expense (% of GDP) (0.86 / 0.07)

— GDP per capita growth (annual %) (0.17 / 0.14)

— GDP per unit of energy use (constant 2011 PPP § per kg
of oil equivalent) (0.78 / 0.20)

— GNI per capita growth (annual %) (0.57 / 0.38)

— Industry, value added (% of GDP) (0.93 / 0.45)

— Natural gas rents (% of GDP) (-0.43 / 0.32)

— Oil rents (% of GDP) (-0.24 / 0.48)

— Research and development expenditure (% of GDP)
(0.72/0.47)

— GDP growth (annual %) ( 0.16 / 0.11)

— GNI growth (annual %) (0.55/0.39)

— Gross national expenditure (% of GDP) (-0.55 / -0.15)

— Manufacturing, value added (% of GDP) ( 0.68 / 0.04)

— Mineral rents (% of GDP) (- 0.62/0.31)

— Total natural resources rents (% of GDP) (-0.42 / -0.26)
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1

2

— Employment in agriculture (% of total employment)
(-0.19/0.09)

— Employers, total (% of employment) ( -0.42 /-0.45)

— Employment in industry (% of total employment) (0.80
/0.77)

— Employment to population ratio, 15+, total (%) (mod-
elled ILO estimate) (-0.46 / -0.47)

— Population growth (annual %) ( 0.06 / 0.39)

— Wage and salaried workers, total (% of total employed)
(0.55/0.36)

— Agricultural nitrous oxide emissions (% of total) (-0.87
/-0.84)

— CO, emissions from electricity and heat production, total
(% of total fuel combustion) (-0.17 / -0.46)

— CO, emissions from liquid fuel consumption (kt) (-0.37
/-0.19)

— CO, emissions from gaseous fuel consumption (kt)
(-0.75/-0.03)

— CO, emissions from other sectors, excluding residential
buildings and commercial and public services (% of total
fuel combustion) (-0.54 / -0.81)

— CO, emissions from solid fuel consumption (% of total)
(-0.22/-0.32)

— GHG net emissions/removals by LUCF (Mt of CO,
equivalent) (- 0.98 /- 0.77)

— Methane emissions in energy sector (thousand metric
tons of CO, equivalent) (-0.99 /-0.75)

— Nitrous oxide emissions in energy sector (thousand
metric tons of CO, equivalent) (-0.67 / -0.98)

— PFC gas emissions (thousand metric tons of CO, equiva-
lent) (-0.86 /-0.50)

— PM2.5 air pollution, population exposed to levels ex-
ceeding WHO guideline value (% of total) ( -0.52 / 0.00)

— SF6 gas emissions (thousand metric tons of CO, equiva-
lent) (- 0.99 /- 0.78)

— Agricultural methane emissions (% of total) (-0.93 /
-0.92)

— CO, emissions from gaseous fuel consumption (% of
total) (-0.60 /-0.21)

— CO, emissions from liquid fuel consumption (% of total)
(-0.69 /-0.05)

— CO, emissions from manufacturing industries and con-
struction (% of total fuel combustion) (- 0.64 / -0.40)

- CO, emissions from residential buildings and com-
mercial and public services (% of total fuel combustion)
(-0.44/-0.67)

— Energy related methane emissions (% of total) (-0.89 /
-0.75)

— HFC gas emissions (thousand metric tons of CO,
equivalent) (- 0.98 / - 0.68)

— Industrial nitrous oxide emissions (thousand metric tons
of CO, equivalent) (-0.74 / - 0.79)

— Nitrous oxide emissions in industrial and energy
processes (% of total nitrous oxide emissions) (-0.86
/-0.79)

— Other greenhouse gas emissions, HFC, PFC and SF6
(thousand metric tons of CO, equivalent) (- 0.50 / -0.76)

— PM2.5 air pollution, mean annual exposure (micrograms
per cubic meter) (- 0.81/-0.92)
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Annex 2
Share of RES in power production, %
2000 | 2005 2010 | 2011 2012 | 2013 2014 2(29/3}'];?)14
1 2 3 4 5 6 7 8 9
World 19,1 18,6 20,2 20,6 21,5 22,2 22,9 1,3
Europe 20,5 20,1 25,7 25,8 28,9 31,5 32,7 34
European Union 15,1 15,3 21,6 22,0 24,8 27,8 29,7 49
Austria 73,4 65,1 68,6 68,4 77,0 80,3 83,4 0,9
Belgium 3,6 4,7 9,6 11,9 15,9 17,1 20,3 13,1
Bulgaria 7.2 10,7 13,8 9,3 12,8 17,4 16,8 6,2
Cyprus 0,0 0,0 1,4 3,6 5,4 7,6 8,4 n.a.
Czech Rep. 3,9 4,6 7,6 9,2 10,1 11,8 12,0 8,4
Denmark 17,0 29,3 339 42,5 50,7 48,1 58,5 9,2
Estonia 0,2 1,1 8,1 9,1 12,3 9,6 11,9 334
Finland 33,5 33,5 30,2 332 40,9 36,4 38,4 1,0
France 13,8 10,9 14,9 12,7 15,8 18,0 17,2 1,6
Germany 7.9 11,7 18,6 22,2 24,8 26,0 28,2 9,5
Greece 8,8 11,8 18,6 14,3 17,1 25,3 25,6 8,0
Hungary 0,8 5,4 8,5 7,9 8,0 9,5 11,0 20,1
Ireland 6,2 8,5 13,7 19,7 20,0 23,0 25,5 10,6
Italy 21,0 18,7 27,3 28,8 32,2 40,1 43,8 5.4
Latvia 68,3 69,6 54,9 50,5 66,6 56,9 49,8 2,2
Lithuania 5,6 5,6 29,0 35,0 33,7 44,1 51,9 17,2
Luxembourg 81,6 24,8 36,4 37,0 37,4 50,8 51,6 -3,2
Netherlands 4,7 8,9 10,8 12,4 14,0 13,8 12,9 75
Norway 99,7 99,5 95,8 96,6 98,1 97,9 97,8 -0,1
Poland 3,0 3,5 7,3 8,3 10,7 10,7 12,9 10,8
Portugal 30,9 19,2 53,8 47,7 443 59,8 61,9 5,1
Romania 28,5 34,0 339 26,6 25,7 34,8 41,7 2,8
Slovakia 16,1 15,3 22,8 18,8 20,4 23,2 22,1 2,3
Slovenia 28,7 23,7 30,0 25,1 28,7 33,5 39,5 2,3
Spain 17,2 16,1 33,7 30,8 30,7 40,0 40,5 6,3
Sweden 57.4 51,9 56,1 56,9 59,9 54,9 56,7 -0,1
United Kingdom 35 5,6 7,9 10,7 12,7 16,4 21,0 13,7
Albania 97,0 98,7 99,8 99,4 | 100,0 | 100,0 n.a.* n.a.
Croatia 55,1 51,9 61,0 45,0 49,5 65,2 71,8 1,9
Iceland 99,9 99,9 | 100,0 | 100,0 | 100,0 | 100,0 | 100,0 0,0
Macedonia 17,2 21,5 33,5 21,2 16,7 26,1 n.a. n.a.
Serbia 35,1 33,0 33,0 23,9 27,0 27,2 n.a. n.a.
Switzerland 59,2 59,1 59,5 57,1 62,2 61,8 60,3 0,1
Turkey 25,0 24,6 26,4 25,4 27,3 28,9 20,8 -1,3
CIS 18,3 18,0 16,7 16,1 15,9 17,4 16,9 -0,6
Kazakhstan 14,7 11,6 9,7 9,1 8,4 8,4 8,8 -3,6
Russia 19,1 18,6 16,5 16,2 16,0 17,6 17,1 -0,8
Ukraine 6,7 6,7 7,1 5,7 59 8,1 6,0 -0,8
North America 15,9 15,8 17,0 19,3 19,2 19,8 19,8 1,6
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1 2 3 4 5 6 7 3 9
Canada 60,6 59,6 61,7 62,5 62,8 62,8 61,9 0,2
United States 9,2 9,4 10,9 13,0 12,8 13,3 13,5 2,8
Latin America 62,0 59,3 57,6 58,1 55,7 53,0 52,2 -1,2
Argentina 332 33,7 28,8 26,2 24,0 24,6 25,2 -1,9
Bolivia 51,5 41,5 35,1 36,1 33,8 32,9 n.a. n.a.
Brazil 89,5 87,1 84,7 87,1 82,5 76,8 72,9 -1,5
Chile 48,5 53,9 40,2 39,6 36,4 35,3 42,8 -0,9
Colombia 75,5 80,2 72,1 83,5 79,6 71,7 70,0 -0,5
Ecuador 71,7 55,3 45,6 55,6 54,9 48,9 n.a. n.a.
Mexico 19,9 15,6 17,6 15,9 15,0 13,4 17,4 -1,0
Paraguay 100,0 | 100,0 | 100,0 100,0 100,0 | 100,0 n.a. n.a.
Peru 82,0 72,3 57,7 56,8 55,2 52,6 n.a. n.a.
Trinidad and Tobago 0,4 0,3 0,0 0,0 0,0 0,0 n.a. n.a.
Uruguay 93,4 87,5 87,6 72,0 61,7 80,9 n.a. n.a.
Asia 13,5 13,9 16,1 15,7 17,4 18,0 19,5 2,6
China 16,6 16,2 19,0 17,3 20,4 20,7 23,0 2,3
Hong-Kong 0,0 0,0 0,2 0,2 0,2 0,2 0,2 n.a.
India 13,6 16,6 16,1 17,4 15,8 16,9 15,2 0,8
Indonesia 16,0 13,6 15,9 12,0 11,4 12,0 12,0 -2,0
Japan 11,0 10,5 12,3 13,5 13,2 14,1 15,7 2,6
Nepal 98,4 99,4 99,9 99,9 99,5 99,7 n.a. n.a.
Pakistan 252 33,0 33,7 30,0 31,1 31,9 32,2 1,7
Philippines 42,9 324 26,3 28,7 28,5 26,4 25,6 -3,6
South Korea 2,0 1,4 1,8 2,2 2,1 2,4 2,7 2,1
Sri-lanka 45,8 37,2 53,1 40,8 29,2 59,7 n.a. n.a.
Taiwan 5,7 4,9 4,8 4,7 5,4 5,6 5,3 -0,6
Thailand 6,8 5,5 5,6 8,0 8,3 8,0 8,2 1,4
Pacific 18,8 17,9 18,5 20,2 19,3 22,3 22,2 1,2
Australia 8,5 8,9 8,6 10,1 9,7 13,1 12,1 2,5
New Zealand 71,5 64,2 73,2 76,0 71,8 74,0 79,0 0,7
Africa 17,8 16,9 17,6 17,0 16,7 17,3 18,3 0,2
Algeria 0,2 1,5 0,4 0,9 1,0 0,5 1,0 12,2
Bahrain n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Egypt 17,7 12,1 10,0 9,3 9,0 8,1 7,9 -5,6
Libya n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Morocco 6,1 8.3 18,0 11,3 9,2 14,9 n.a. n.a.
Tunisia 0,8 1,5 1,1 1,0 1,7 2,3 n.a. n.a.
Botswana n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Cameroon 98,9 94,2 73,2 73,3 73,0 68,5 n.a. n.a.
Congo DR 100,0 99,9 99,6 99,6 99,6 99,6 n.a. n.a.
Ivory Coast 36,8 27,2 28,3 30,1 26,4 21,9 n.a. n.a.
Ethiopia 98,6 99,6 99,4 99,4 99,4 99,6 n.a. n.a.
Gabon 61,6 51,5 46,7 41,3 41,7 37,9 41,1 -2,9
Ghana 91,5 82,9 68,8 67,5 67,1 64,0 64,7 -2,4
Kenya 49,4 72,5 69,5 67,3 75,2 78,0 n.a. n.a.
Namibia 99,2 99,8 95,6 98,2 97,8 95,6 n.a. n.a.
Niger n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
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1 2 3 4 5 6 7 8 9
Nigeria 38,2 33,0 24,4 21,8 19,7 23,6 23,9 -3,3
Senegal 33 12,7 10,7 10,7 9,8 9,8 n.a. n.a.
Chad n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
South Africa 2,0 1,8 2,1 2,0 1,8 1,8 2,5 1,7
Swaziland 99,5 99,4 99,0 99,1 99,1 99,0 n.a. n.a.
Tanzania 86,4 50,0 50,9 34,9 29,1 26,1 n.a. n.a.
Middle-East 1,7 4,3 2,0 2,3 2,4 2,6 2,6 32
Iran 3,0 9,1 4,2 5,1 5,0 5,6 5,5 43
Israel 0,1 0,1 0,3 0,5 0,8 1,5 2,5 28,7
Jordan 0,6 0,7 0,5 0,5 0,4 0,4 n.a. n.a.
Kuwait n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Lebanon 4,6 8,4 53 49 6,8 6,6 n.a. n.a.
Qatar n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Saudi Arabia 0,0 0,0 0,0 0,0 0,0 0,0 0,0 n.a.
Syria 12,8 12,4 5,6 7,8 10,4 12,9 n.a. n.a.
United Arab Emirates n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

* n.a. — not available

Annex 3

114

Pairwise Granger Causality Tests: (only significant results)

Source : Energodata.

Sample: 1961 2013

Lags: 2

Null Hypothesis:

Prob.

INDVAD does not Granger Cause RESCONSUME
RESCONSUME does not Granger Cause INDVAD

0.6315
0.7126

EXPENDITURES does not Granger Cause RESCONSUME
RESCONSUME does not Granger Cause EXPENDITURES

0.3692
0.4318

EUSE does not Granger Cause RESCONSUME
RESCONSUME does not Granger Cause EUSE

0.9424
0.1591

EPRES does not Granger Cause RESCONSUME
RESCONSUME does not Granger Cause EPRES

0.5537
0.2893

EPOIL does not Granger Cause RESCONSUME
RESCONSUME does not Granger Cause EPOIL

0.9628
0.2840

EPNG does not Granger Cause RESCONSUME
RESCONSUME does not Granger Cause EPNG

0.3547
0.4833

EIM does not Granger Cause RESCONSUME
RESCONSUME does not Granger Cause EIM

0.9736
0.3192

CRESW does not Granger Cause RESCONSUME
RESCONSUME does not Granger Cause CRESW

0.0783
0.3260

ANE does not Granger Cause RESCONSUME
RESCONSUME does not Granger Cause ANE

0.8814
0.5460
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Annex 4
The Legend for the analyses
Performance indicator Abbreviation
Access to electricity (% of population) AtE
Alternative and nuclear energy (% of total energy use) ANE
Energy use (kg of oil equivalent per capita) Euse
Access to non-solid fuel (% of population) ANSF
Combustible renewables and waste (% of total energy) CRESW
Electricity production from natural gas sources (% of total) EPNG
Electricity production from oil sources (% of total) Epoil
Electricity production from renewable sources, excluding hydroelectric (% of total) EPRES
Energy imports, net (% of energy use) Eim
Employment in industry (% of total employment) EmpInd
Expense (% of GDP) Expenditures
Industry, value added (% of GDP) IndVAD
Methane emissions in energy sector (thousand metric tons of CO2 equivalent) MetaneEES
Energy related methane emissions (% of total) ERMetanE
Nitrous oxide emissions in industrial and energy processes (% of total nitrous oxide emissions) NIEIEP
Renewable electricity output (% of total electricity output) RESoutput
Renewable energy consumption (% of total final energy consumption) RESconsume
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