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THE ASSESSMENT OF UKRAINE’S PROSPECTS
FOR THE FOSSIL FUELS PHASE-OUT

Introduction

Commercial energy, or energy sold on the
marketplace, is what we are using to complement the
energy of the sun. Most business energy is currently
derived from the extraction and burning of non-
renewable power resources from the Earth's crust,
mainly carbon-containing fossil fuels — oil, natural
gas, and coal. Approximately 90 % of the world's
business energy consumption comes from non-
renewable energy resources, 85 % from fossil fuels
(oil, natural gas and coal) and 5 % from nuclear
power [1]. Compared to most other options, non-
renewable fossil fuels are commonly used because
they are abundant, transportable, and inexpensive.
Since 1982, world power consumption has been
rising [2].

There is a strong relationship between energy
consumption and economic growth. Likewise, the
relation between growing energy generation to meet
the demand and pressure on the environment is also
clear. Energy consumption is strongly correlated
with climate changes, soil and air pollution,
biodiversity reduction and natural environment
quality degradation [3; 4]. The previous experience
proves, that the demand for energy is not going to
decrease: even the economic crisis of late 2010s has
showed that the trend is still positive, and it is a
negative factor for environment safety [5]. Thus,
substitution of fossil fuels, which are both running
out and damage the environment would be a
necessary measure for securing further development
and progress.

© Radomska M. M., Ponomarenko M. S., Nazarkov T. 1., 2020

Problem statement

Ukraine acquired a strong energy industry
following the collapse of the Soviet Union.
However, this industry is now in a critical condition
because of inefficient policy. The decline of energy
assets and absence of investment, low energy
efficiency and dependence on the import of energy
carriers are among the primary issues. Ukraine is
one of the world's top least energy-efficient nations
[6; 7]. The specific energy consumption per unit of
produced good or service in Ukraine is triple of that
in Poland, Czech Republic and Slovakia [8].

The present power mix in Ukraine depends
strongly on fossil fuels and nuclear power, which
together account for more than 90 % of the country's
power supply. At the moment, the complete share of
renewables is around 8 % (approximately 6 % is
hydropower) [8].

Ukraine is one of Europe's largest nuclear power
manufacturers: it has 15 nuclear power plants with a
capability of over 13 gigawatts, which means that
the nation derives around 60 % of its electricity from
nuclear power [9].

The Energy Strategy of Ukraine for the period up
to 2035 is standing on the position of gradual
expansion of nuclear potential of the country by
building new blocks and substitution of those, whose
service term expires [10]. At the same time, the
work on extending equipment life at the existing
blocks is also conducted, relying on the results of
technical audits.
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The reserves of fossil fuels in Ukraine are quite
considerable, but they don’t cover the needs. In
terms of coal reserves, Ukraine ranks 7th in the
globe, 12th in terms of uranium and 29th in terms of
natural gas.

The lack of investment in exploration, processing
and energy effectiveness and complex bureaucratic
procedures hinder the growth of the energy industry
in Ukraine [11].

Domestically extracted oil volumes are falling
each year, and Ukraine is highly dependent on
imported petroleum. Most oil refineries in the
country are not in operation [9]. Natural gas was
mainly supplied from the Russian Federation and is
currently substituted with coal and other fuel
alternatives. The government is keeping the line of
revival and expansion of gas extraction processes
within the country, based on its available reserves.
This noble task is technically complicated due to
lack of modern technologies and investments [12].

Since the 2014 coal has been considered a
possible guarantor of Ukrainian independence, due
to potential reserves available in the country. But the
improvement of coal extraction needs considerable
investments, as the dominant share of mines is
outdated and dangerous. But domestic reserves have
low attractiveness for international investors,
particularly in view of new deposits of high-quality
coals (Mozambique, Mongolia and Indonesia) and
maximal environmental pressure from the use of
coal as a fuel [13].

So, Ukraine, just like other countries of the world
faces the need to find new sources of energy. Thus,
to stimulate the operation and development of
renewable energy sources in Ukraine, a "green"
tariff, or special feed-in tariff, was introduced in
2009. The feed-in tariff for green projects in Ukraine
is one of the highest in the world, which makes
investment into this sector very attractive. And
during the next years the share of renewable energy
sources in Ukraine reached approximately 5 % of
total [14]. Considering the global trend towards the
reduction of fossil fuels role in favor of alternative
energy generation practices it is now a topical
question, whether there is a possibility for countries
to abandon fossil fuels completely and move
towards pure green energy. The aim of the given
research is to analyze the options of Ukraine in this
direction.

Analysis of the previous research

The environmental cost from burning fossil fuels
on the Earth and its natural systems include:
destruction of biodiversity; nitrogen cycle
disturbance (nitrogen circulation through air, soil
and water); and ocean acidification. But the biggest
effect is the shift in the chemical composition of the

atmosphere by releasing greenhouse gases. Fossil
fuel power stations also release many toxic
substances into the atmosphere that ultimately fall
down as acid rains, killing trees and altering rivers
and lakes' ecology. The final receptors of these
impacts are living organisms, including humans.

The major environmental and economic concern
currently is global warming and climate change. The
world economy now produces more than 100 billion
tons of CO, every three years — which is likely
higher than the entire nineteenth-century CO,
emissions. The first decade in this century (2000-
2009) was the warmest decade since 1881 [15]. All
the international organizations make their
comments, plans and research works in terms of
prognosis and adaptation to climate change trends,
including UNEP, EU Environment, IPCC, EPA, US
Department of Energy, U.S. Department of
Commerce, UK Centre for Climate Science and
Services, World Resources Institute, etc.

Readiness to pay the price of fossil fuels use with
own health has decreased considerably and now
most of developed countries are making plans about
phasing fossil fuels out. This idea was clearly
formulated in the work by Kharecha and Hansen,
proving that abandoning fossil fuels will give a great
spur to the control over greenhouse emissions [16].
The idea was supported by many international
organizations, in particular, Greenpeace and EREC
developed their Energy (R)evolution scenario,
stating that the world would eliminate all fossil fuel
use by 2090 [17]. Later Greenpeace and Climate
Action Network Europe released a special report
highlighting the need for an active phase-out of coal-
fired generation across Europe. They based their
results on the data from 280 coal plants and
emissions data from official EU registries [18].

The idea was officially formulated in the Paris
Agreement under the United Nations Framework
Convention on Climate Change, by which Canada,
France, Germany, Italy, Japan, the United Kingdom,
and the United States) agreed to phase-out fossil fuel
use by 2100. The aim to stay below the 2 °C global
temperature change limit contained in the 2015 Paris
Agreement will make all countries decline the
production of fossil fuels [19].

In this regard coal use was considered to be the
major reason of the problem and it is still supported
by the research community [20; 21]. Ramanathan et
al, 2019, have also showed that the removal of such
emissions will definitely have positive effect on
global health status, which in turn will give
considerable economic benefits, by reducing disease
burden on countries of the world [22]. On the other
side, this destination raises questions about post-
employment for one of the major job-providing
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sectors of the world [23]. But the study, conducted
by Overseas Development Institute (ODI) and 11
other NGOs states that building new coal-fired
power plants will never make local communities
wealthier, but less healthy for sure [24].

As a result, most of the leading countries of the
world have already initiated some form of fossil
fuels phasing-out to meet the requirements of the
Paris agreement (Table 1).

Table 1

Elements of energy sector decarbonization in countries of the world

Country General strategy Coal industry phasing out initiatives Other initiatives
Germany Phase out of fossil fuels by | plans to phase out and shut down the | No registration of ICE
2100 remaining 84 coal-fired plants on its land | vehicles by 2030
by 2038
France Adoptedlaw, banning new | plans to phase out its coal capacity by the | By 2040 it would
fossil  fuel  exploitation | end of 2022 prohibit new petrol and
projects and closing current diesel car sales
ones by 2040 in all of its
territories.
Norway Phase out of fossil fuels by | phasing out is under consideration By 2025, only 100 %
2100 electric cars will be sold
Phase out of fossil fuels by | phasing out current unleashed coal | By 2040 it would
2100 generation and implement a moratorium | prohibit any emittingnew
on fresh coal generation without | car sales
Canada :
operational carbon capture and storage
since 2017; plans to phase out coal-fired
electricity generation by 2030
Decarbonisation ~ of  the | phase out the use of coal in the electricity | Rome and Milano will
Italy energy system by 2027 sector by 2025 prohibit using diesel car
by 2030
Phase out of fossil fuels by | phasing out current unleashed coal | Gas heating will be
2100 generation and implement a moratorium | banned for new homes
on fresh coal generation without | by 2025.
UK operational carbon capture and storage | New petrol and diesel
since 2017; Scotland closed the last coal | cars will be banned in
powered station in 2016, Wales — in 2019, | 2035 (Ireland — by 2030)
England — will do that by 2024
Achieving a rich zero carbon | Ban on construction of new coal fired | Researching the
. economy by 2050. facilities since 2020 timetable for prohibiting
China
the sale of new petrol
and diesel cars
Phase out of fossil fuels by | Phasing out oil for heating purposes and | By 2030 would prohibit
Netherlands | 2100 coal by 2030 all petrol and diesel car
sales
Only RES are used in the | Announced a pathway to a coal-free
New construction of new power | electricity future for New Zealand by
Zeland generation facilities since | 2030
2007
Phase out fossil fuels by | The plan to phase out coal by 2030, was | Selling  only  zero-
Spain 2100 managed in 1 year — now less than 2 % | emission vehicles from
electricity is generated by cola burning | 2040
and it will be ended by 2021

Belgium, Sweden, Austria and Australia closed
their last coal power plant in 2016, 2019, 2020 and
respectively.

Denmark will do that by 2030. In 2020 Finland
maybe the only European country that invested in
new coal power in Europe.

Australia, India and South Africa have no phase
out plans; however, they invest in the development
of certain RES.

© Radomska M. M., Ponomarenko M. S., Nazarkov T. 1., 2020

The European countries are not all ready to
follow the phase out way completely, in particular,
Norway being the leader in cutting its greenhouse
emissions in community sector, is not planning to
stop gas extraction, since this makes a fundamental
share of its budget. In contrast, Japan has joined the
strategy to phase out fossil fuels by 2011, in
particular, in has comprehensive plans to become a
hydrogen economy by 2040.
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The coal is the core in this process, not only
because it is the “dirtiest” fuel, rather it is considered
a good starting point, which will quickly give
positive results, thus giving a good example to
follow in countries, other than the leaders of the
process. The Paris agreement, just like other
sustainable international agreements is vulnerable to
the influence of non-participants and violations. But
it will definitely build a new view of the energy
economy development, pressing marginal countries
to join the process [25].

There are also other challenges to the idea of
phasing-out, first of all this is a question of
substitution of fossil fuels. The possible ways to
break the cycle of demand and degradation are
widely discussed during the last 20 years and until
now they are limited to few promising options.
Renewable non-combustible energy sources take the
leading role in the process of mitigating climate
change by substituting fossil fuel-based power
generation [26; 27].

An intermediate step towards this is the
utilization of combustible renewables and waste
[28Ne 29]. The energy efficiency is also seen as a
major pathway to sustainable future [30]. An
ambiguous option is nuclear energy expansion,
which raises additional environmental concerns and
is not considered as a sustainable alternative to fossil
fuels [31].

The important question issue is, of course, the
price of the electricity generated by new modes, its
storage and transportation, which need some
legislative and technical solutions [32].

Another serious issue to be accounted is the
change of geopolitical situation if the world fully
switches fully to renewable energy resources.
Former fossil fuel exporters are expected to lose
power and new leaders rich in renewable energy
resources will appear [33].

The analysis of pros and cons for the fossil fuels
abandonment is a complex task, but currently it is
the only way to manage the environment condition
in the world in a sustainable way.

Considering the situation in Ukraine, we will get
more positive outcomes from this process and
therefore it is necessary to consider national
perspectives and possibilities to join this trend.

Methods and materials

There two major questions to answer in the given
research. The first one is whether Ukraine should
follow the way of leading countries of the world
towards phasing fossil fuels out, as it is obviously
extremely complicated task, not easily managed
even by the most powerful countries. The second
question is the outcome of the first one: if we find it

necessary, than which energy provision sources can
provide the needs of the country.

The need for abandoning fossil fuels in Ukraine
is a strategic question, so it needs considerations of
numerous aspects, which could be structured using
the method of PESTLE analysis. PESTLE analysis
is a tool with the help to assess the influence of
external factors and risks for any business or
strategy.

PESTEL analysis covers factors having influence
on the possibility of a strategy implementation at
macroeconomic level:

Political factors include international demands,
political situation, tax policies, employment laws,
tariff & trade restrictions, consumer protection laws,
environmental regulations, political stability of a
country etc.

Economic factors include economic growth
indicators, inflation rate, interest rates, exchange
rates, fiscal policies, unemployment trends etc.

Social factors include cultural aspects, age
distribution, level of life, health risks, population
growth rate, social situation etc.

Technological  factors include rate  of
technological change, technology incentives,
spending on research & development, basic
infrastructure level etc.

Legal factors include tax laws, labor laws or any
other laws not considered in political factors.

Environmental factors include data about
necessary natural conditions for the implementation
of the strategy and its effects on the environment
condition.

These factors are equally important, but in the
case of our work the environmental component is
the driver of the process. With this analysis, one can
identify  potential opportunities and threats
associated with the strategy under investigation and
figure out ways to take advantage of them and avoid
them. In our dynamic world, before any kind of
strategy or tactical plan can be implemented, it is
fundamental to conduct a situational analysis and
repeat it regularly to identify changes in the global
and national environment [34].

The next stage is the comparison of possible
substitution energy sources. Before the analysis the
alternatives must be clearly formulated and
described. The objective of comparative analysis is
to sharply define the merits and demerits of realistic
alternatives, thereby providing decision makers and
the public with a clear basis for choosing between
options. The key challenge in comparative
assessment is to show distinctions objectively, and
as simply as possible. The adoption of unnecessarily
complicated techniques can confuse decision-makers
and exclude the public from effective participation.

© Radomska M. M., Ponomarenko M. S., Nazarkov T. 1., 2020
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The research experience shows that an average
person cannot compare more than 5-9 values at once
[35]. Therefore, it is better to apply the matrix
method, in which all alternatives are graded by the
same scale, but for each of the valuable
factors/parameters separately.

To make the comparison more formal and
objective additional numerical elements can be
introduced [36]. Importance weighting of decision
criteria may also be used, either in isolation from or
in combination with scaling, rating or ranking
methods. Ranking entails ordering alternatives from
best to worst in terms of potential impacts on
decision criteria. Rating refers to the use of a pre-
defined rating scheme to rate the significance of
decision criteria for each option. Scaling involves
the assignment of numeric or algebraic scales to the
impact of each alternative on each decision criterion.
Importance  weighting involves assigning a
weighting factor to each decision criterion relative to
the other decision criteria

The core element of the given research is the
comparison of possible alternatives using special
scale with points distributed among the alternatives
by each criterion. The grades are then summed up
and the rating of alternatives is made.

Results and discussions

Ukraine is partially resourced with its own
traditional fuel and electricity, so it requires
substantial fuel and power imports (Table 2).

The new energy strategy for Ukraine was
introduced in August 2017. The approach sets out
three execution phases: by 2020, by 2025 and by
2035. Completing a reform of the gas and electricity
industries, increasing national output of natural gas,
developing the coal market and reforming coal
mining in particular is scheduled during the first
phase. Renewables are expected to account for 8%
of main power production by 2020. The final phase
of execution of the strategy needs Ukraine to
introduce a domestic greenhouse gas trading
scheme, reduce emissions and boost the share of
renewables in total main power production to 25%,
the latter one is currently technically non-feasible
[37]. As one can see the idea of complete
abandoning fossil fuels is not considered as an
option in the Strategy. Nevertheless, we believe, that
this way is the most correct in term of long-term
benefits. However, the PESTLE analysis (Table 3)
for the fossil fuelsphasing-out shows a complex set
of factors having influence on its implementation.

Table 2
Total primary energy supply and consumption in Ukraine (thousand tons of oil equivalents) [29]
Supply and Crude |Oil pro- | Natural | Nuclear | Hydro- Geother- Biofuel/ | Electri-
consump- | Coal . mal, wind . Heat | Total
. oil ducts gas energy | energy Waste city
tion and solar
Production | 2869 | 2304 — 15175 | 21244 660 124 3348 — 599 | 66323
Imports 10617| 527 9155 | 8809 — — — 38 7 - 29152
Exports —495| 25 —24 — — — — —554 -329 — —1427
Aviation
bunkers B B 157 B B B B B B B 157
Stock s47| 0 | 586 | 1620 | - - - 1 - ~ | 4
changes
Total Prima-
ry Energy 32450| 2806 | 8387 | 25603 | 21244 660 124 2832 -323 599 | 94383
Supply
Table 3
The results of the PESTLE analysis
Level of impact Management Character Dynamics I Relative
mportance
Factors to _— . . Increasing > | Critical
consider H — High; M — Medium | M — Manageable Positive + Unchanged = | Important
L —-Low NM — Non-manageable Negative — Decreasing < | Unimportant
U — Undetermined P — Partially controlled Unknown g P
Unknown Unknown
Political H M —/+ = Critical
Economic H PM -/ + >/ < Critical
Social M PM + > Important
Technological M M + > Important
Legal M M —/+ = Important
Environmental H NM + > Critical

© Radomska M. M., Ponomarenko M. S., Nazarkov T. 1., 2020
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While most of the issues are clearly
understandable, we would like to highlight that
preparatory research work is one of the most
important factors of success, whereas political
factors in particular lack of support and will from the
national and lower authorities might be even more
limiting factor, than economic provisions. The
promotional effect of political factors is in turn
limited by economic possibilities.

The moderate importance of technological factors
is conditioned by the fact, that the study is based on
the well known, proven technologies, which are
available for use. At the same time the new research
results and improvements can make these
technologies more attractive and efficient. The most
dynamic factor of this system is economic, as it is
able to change dramatically over short periods and
the work on RES development has fluctuating
intensity and success. The legal factors are the
reflection of political ones and therefore we
attributed them to less important.

The growing environmental and social concerns
about the need to move to sustainable pathway of the

country make these factors the most important
drivers of the process.

While achieving energy self-sufficiency remains
unrealistic, this does not mean that Ukraine
shouldn’t look for the solutions. Self-sufficiency
could be done by developing its shale gas reserves,
extracting coal bed methane and improving its own
existing gas production wells, but in the future
priority sources must based on renewables. Three
main drivers for using renewable energy: energy
security, economic impacts, and CO, emission
reductions.

There are many forecasts for the development of
the renewable energy industry in Ukraine — we will
consider the most well known (Table 4): by the
Energy strategy of Ukraine, REmap “Renewable
Energy Prospects for Ukraine” by the collaboration
of the international agencies IRENA, and the
National Institute of Technical Research in Kiev.
Thus, it is seen that none of the options gives
possibility for complete provision of the Ukrainian
needs, but this scenarios will look better if we
improve the energy efficiency.

Table 4

The structure of energy sector of Ukraine to 2030, MTOE

Description of primary Ene.rgy strategy by the Technif:ally achi.evable Techn.ically achievable potent.ial
energy source Cabinet of Mlmsters of potential according to by National Institute (?f Technical
Ukraine REmap (IRENA) Research, Kiev
Coal 13 — —
Natural Gas 28 — —
0Oil 7,5 - —
Nuclear Power 27 — —
Biomass, biofuel and 8 21,7 31
waste
Solar and wind power 5 19,2 34
HPP 1 7 3
Geothermal Energy 1 8,4 12
Total 91 56,3 (only renewables) 80 (only renewables)

Considering the data available, we formulated the
list of 6 possible alternatives to be considered in this
research: the increase in nuclear energy to the
maximum; wind energy capacity building; solar
energy capacity building; the use of geothermal
energy; bioenergy use; “energy mix”’ from RES.

Nuclear power is already a known source of low
carbon power generation. Whether or not it's an
actual source of renewable energy is a debatable. In
2018, the total production at nuclear power plants in
the country amounted 22 9% of the total energy
demand of our country (94,383 Mtoe).

As for the full ability to meet of Ukraine’s needs
through nuclear energy, this issue is very difficult
and even to a certain extent possible with gigantic
funding (up to $25 billion) for the construction of at
least 11 new NPP [38].

Nevertheless, there are few important issues,
which make the alternative of nuclear energy
development more attractive. First of all, a year ago
the line for processing of radioactive waste was
launched in the Chernobyl facility along with the
specially constructed long-term storage for
radioactive  waste. The  cooperation  with
Westinghouse Electric Company has not only
provided the diversification of nuclear fuel supply,
previously bought from the Russian fuel company
“TVEL” only, but the project of constructing nuclear
fuel production plant according to the agreement of
2019. This will make Ukraine independent from RF
nuclear industry and also gives potential for the
improvement of NPP environmental safety due to
modernization of the existing installations.
Additional, Ukraine has become the part of

© Radomska M. M., Ponomarenko M. S., Nazarkov T. 1., 2020
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consortium with the Holtec International, working
on the development of small modular reactors [39].
These modular reactors need more simple on-site
construction, but provide increased containment
efficiency, and enhanced safety due to passive safety
features, as compared with conventional nuclear
reactors [40]. One of the possible applications of
SMRs is the support of renewable type installations,
like wind and solar, which are characterized by
irregularity of power generation.

Wind potential in Ukraine is located in the south
on the Black and Azov coasts and in the Carpathian
and Crimean Mountains. An important factor to
consider is the cost of wind power plants
construction, which may reach $1-$4 million [11].

Solar is one of the territory’s most popular
renewables, but it is affected by changes in weather
patterns changes in various seasons. The insolation
of Ukraine is from 1150 to 1550 kW/m® with the
maximum in the southern regions — Odessa,
Kherson, Nikolaev. Ukraine's position contributes to
solar projects; the insolation of our country is far
higher than that of Germany — Europe's pioneer in
solar power generation [14].

Geothermal energy is suitable for use in the
Carpathian mountain area, the highest geothermal
gradients (up to 7-8.4 °C/100 m) are observed in the
Tran Carpathian basin, on the coast and the Black
Sea [41]. Overall, Ukraine is among the countries
with medium level geothermal gradient. Under the
most optimistic prognosis it may cover up to 10 %
needs, demanding considerable investments.

Ukraine has great potential for biomass available
for energy production, which is a good prerequisite
for the dynamic development of the bioenergy
sector. 110—120 million tons of biomass feedstock
are generated annually in Ukraine (cereal trawl and
other crop waste, animal and agro-industrial waste).
Of the total amount, about 54 per cent is further
processed, 45 percent is wasted and only about 1
percent is used for the production of electricity and
heat [42]. For Ukraine, bioenergy is already one of
the strategic directions of the renewable energy
development; there are already 5 power plants
operating on solid biomass and 5 working on biogas
of agricultural origin [14].

Energy mix — isa combination of all possible
alternatives, available at the territory. As it is seen
from the above presented description, in case of
Ukraine it is wise to rely on the mix of solar, wind
and biomass energy.

It is also possible to involve new types of
hydroenergy — small and mini power plants, able to
provide the needs of population in mountain and
northern-west regions, rich in hydro resources. In
general, the idea of energy mix is to develop local
and regional potential instead of implementing
national one-direction projects. This way needs
extensive analysis and research works to find the
best alternatives in each area, but it benefits in lower
investments with better resulted energy generation.

The appropriateness of using a particular energy
sources depends on a variety of factors, including
the amount of received energy, environmental,
social and economic components. In order to assess
the spectrum of advantages and disadvantages of the
proposed options the following efficiency criteria
were chosen:

e The degree of achieving overall objective of
the project — the provision of the state energy needs
with substitution of fossil fuels;

e The economic efficiency of the project — the
necessary state investments, the need for foreign
investments, local/regional affordability;

e The social concerns in the country — the
effects on labor market, living standards, cost of
living, etc.;

e The environmental negative impacts in the
country — ranging from national to local level and
their intensity;

e The environmental positive impacts in the
country — level and relative value;

e The human health threats for the population of
the country from the functioning of each type of
power generation instalation;

e The technical feasibility — in terms of
available technologies and room for infrastructure
development, suitable natural conditions, etc.

After comparing all the possible alternatives
(Table 5), it is seen that among the best option are
wind and solar energy.

Table 5
Comparative analysis of substitution strategies for fossil fuels phase-out
Alternative Factors (sequence shown lower) Total
Nuclearenergy 3 2 0 1 0 1 1 8
Windenergy 2 2 3 3 3 3 2 18
Solarenergy 2 2 3 3 3 3 2 18
Geothermalenergy 2 2 2 3 1 3 1 14
Bioenergy 2 2 2 3 2 2 2 15
Energy mix 3 2 3 3 3 3 2 19
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They are the most environmentally friendly, do
not carry a risk to human health and can partially
satisfy Ukrainian’s energy needs. However, their
combined potential for substitution is from 19 to 34
MTOE out of the necessary 94 MTOE, which is
obviously not enough. The second and third place
are taken by bioenergy, which is slightly less clean
and geothermal that shows good results, but is more
difficult to implement due technical constrains and
moderate natural prerequisites in Ukraine, also it has
some environmental impact. Nuclear energy showed
the lowest score. As a result, the most promising
option turned to be energy mix, based on wind, solar
and biofuel energy. The most optimistic prognosis of
such combination is 80 MTOE, so there is still
considerable gap, which must be filled with either
import or nuclear energy. The latter one is preferable
due to political issues, but its economic
characteristics are the worst in terms of necessary
investments. But the is a good chance, if the RES are
able to provide 70-80 MTOE, there will be no need
in the expansion of the nuclear energy capacities
above the already planned projects (reconstruction
of the existing and construction of 4 new blocks).

The similar results are obtained by
G. Kharlamova et al., 2016, when they analyzed the
potential of wind, solar and hydroenergy to
substitute the fossil fuels, consumed in the country
[43]. But this research didn’t consider the types of
substitution technologies and thus gives more
generalized, but still very valuable results. Since that
time serious changes have taken place in the field of
nuclear energy development, as well as the
implementation of a few major RES projects was
completed and gave data to make the more accurate
prognosis. The national Energy strategy is based on
these preconditions. As such we consider the idea of
full energy mix the most promising.

If the country's renewable energy sector (RES)
continues to grow, it will enhance energy security,
market integration and decarbonisation. The path to
"greening" Ukraine's energy market has both big
challenges and opportunities.

This path must also account improving energy
efficiency, as this will give the possibility to bring
the target value of the necessary energy supply down
to the amount, which can be provided by the
renewable sources.

Of course, the country itself is not able to finance
such a giant shift in the economic sector, so the
prognosis made for 2030 is too optimistic and will
be postponed.

Ukraine's renewable energy capacity is not used
to its fullest degree. Alternative power engineering
is a priority area for development of the Ukrainian
economy and a strong place for attracting foreign

direct investment, as well as a good driver for the
development of new industries and job opportunities
inside the country: the producing components and
equipment for RES installations is absolutely real
and is already implemented (wind power station
components are already manufactured in Ukraine).

Conclusion

1. World’s dependence on fossil fuels is one of
the most important tests for humanity in the struggle
for environment and at the same time for provision
population with the necessary energy. Now less than
10 % of the world’s energy is produced from
renewable sources, the rest is based on fossil fuels
and nuclear reactors. In Ukraine, the percentage of
renewables is even lower, but according to research:
“not everything is so bad” — our country has all
opportunities to move towards greening energy
production.

2. The reduction of fossil fuels reserves,
environmental and human health concerns have
forced the formation of a range of international
collaborations and agreements aiming at seizing the
use of fossil fuels. In particular, Germany, France,
Sweden, Denmark and other countries have already
initiated the plans to abandon the fossil fuels in
various sectors of  industry, including
decommissioning of coal power station and
prohibition of cars with internal combustion engines.
Returning to renewables will help mitigate climate
change and it is an excellent approach to meet future
generations' energy demand.

3. Ukraine has been and remains the country
dependent on external energy supplies and that is
why our country needs to lift the share of renewable
energy in the energy mix considerably. Thus, the
reduction of the fossil fuels involvement in provision
of industry and energy needs in Ukraine is driven by
both political and environmental reasons. Clean
technologies can also bring substantial indirect
economic benefits, by creating new working places
and improving living standards. The idea of this
research was to analyze, whether Ukraine is able to
abandon fossil fuels completely and how it will
provide its needs under such conditions.

4. The comparative analysis of the substitutes to
fossil fuels considered 6 alternatives, including the
increase in nuclear energy to the maximum; wind
energy capacity building; solar energy capacity
building; the use of geothermal energy; bioenergy
use; and the introduction of "energy mix" from
renewable energy sources. The results show that the
natural potential of the country in the form of energy
mix can provide its needs, but considerable
investments would be needed and vast territories to
be involved — it is unreal under current economic
situation.
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5. The abandoning fossil fuels for Ukraine is
impossible without the nuclear energy input, and as
a result careful survey of its development must be
done.

The possibility exists to keep implement the
proposed gradual renovation of existing reactors by
decommissioning of expired and construction of
new objects instead. There is a range of international
collaboration in Ukraine, which will provide
modernization and independence of nuclear sector of
Ukraine — this can support the development of
RES.

6. The equally important efforts must be invested
in the improvement of energy efficiency, as it can
reduce the volume of work to be done in terms of
decreasing the necessary volume of energy supply.
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Pagomcbka M. M., Ilonomapenko M. C., Hazapkos T. 1.
OIIIHKA NEPCHEKTHUB BIJIMOBHU BIJl BAKOITHUX IAJIUB 151 YKPATHU

Buuepnanus 3anacie euxonno2o namusea i nozipuleHHs AKOCMI HABKOIUUWHbO20 CEPeO0SUd CRPUSIU (HOPMYBAHHIO

H0B8020 baueHHs pO3GUMKY eKOHOMIKU, 3ACHOBAHO20 HA Nepexodi 00 3eneHoi enepeemuku. Basicnueoio vacmunoio yvbo2o
npoyecy € 3aKkpumms RIONPUEMCME 3 GUOOOYMKY [ NnepepoOKU BUKONHUX NANUG, d MAKOJC NOBHA 3a00poHa ix
nodanvuiozo  euxkopucmanus. Ha cvocoOHiwHil Oenv  Yxpaina mae pso  cepuiosHux npobaem 8 cghepi
eHepeo3zabe3neyents yepes 8i0CYMHICMb BHYMPIUWHIX 3ANACI68 eHepeemuUYHUX KOPUCHUX KONAIUH | 3a1edCHicmb 6i0 ix
imnopmy. Binew moeo, ckiadna seononimuuna cumyayis 6 pecioni sMyuwye ypsao wyKamu aibmepHamugHi odxcepena
ona ousepcugpikayii nocmasok. B pezynomami 6 Ykpainu Hagime Oinbuie npudun 011 8i0MO8U 8i0 BUKONHO20 NANUEA,
HIJIC Y IHWUX Kpain ceimy. BusueHHs ICHYIOUUX MINCHAPOOHUX Y200 i HAYIOHANbHUX Ccmpamezi, NPUUHAMUX 8
€8PONELICbKOMY Pe2ioHi, NOKA3AN0, WO OIIbUICb PO3BUHEHUX KPAIH 8dice NPUCMYNUIU 00 peanizayii OesKux elemenmie
Tapuzvkoi y200u npo 8i0Mo8y 6i0 GUKONHUX NAAUE. Y Oitbulocmi UNAadKie ye Cmocyemucs 00MedceHHs BUKOPUCAHHS
agmomooinie 3 0BUSYHAMU GHYMPIUHBLO2O 320pPSIHHA 8 MICMAX ma 6UBEOEHHS 3 eKCHIyamayii 8y2ibHUX Mmeniosux
enrexkmpocmanyiu. Ilntocu i Minycu peanizayii 0epaicagnux niauie no 3amiuni gyeieyesoi enepeemuxu Ha albmepHAmueHi
cmpameeii upoOaeHHs enekmpoenepeii oyinosanucs 3 sukopucmanusim PESTLE ananizy. [lenmpansnoro npobremoro 6
npoyeci 8i0x00y 8i0 eKOHOMIKU, 3ACHOBAHOI HA GUKONHOMY NAUBL, € NOWYK eEeKMUBHOT 3aMIiHU ceped NOHOBTIOBAHUX
Ooicepen  eHepeii 3  MIHIMAIbHUM GNIUBOM HA O008KILIA. Jia auanizy nepesae MOJCIUBUX — ATbIMEPHAMUG
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suxopucmogysascs mampuunuti memoo. Pesynomamu PESTLE ananizy noxasyloms, wo coyiaivHi ma eKono2iuHi
daxmopu marome HauOLMbWUL ROMeEeHYIAN Ol CHPUSHHS NPOYecy, 8 MOl 4ac K NOJIMUYHI Ma eKOHOMIYHI akmopu
MO2ACYMDb hopmyeamu K NO3UMUGHI, MAK [ He2AMUBHI PYWIIHI CUU, 0OMEeNCYIOUU eDeKmUBHICMb THUUX (akmopis.
Topieusannsa aremepHamusHux 8apiaHmis 3aMileHHs, GKIIYAIOYY BUKOPUCIAHHA —2e0MePMATbHOI  eHepeail,
bioenepeemuku, 30inbUeHHs 10epHOi, 8impoeoi abo coHAUHOI eHepeii i ix KOMOIHaYii, NPOOeMOHCMPY8ANo, Wo came
ocmaHHill eapianm 3abe3neyye Haukpawi nepcnekmugu npu meHwiux ingecmuyiax. OOHAK HeoOXIOHUM € pemenbHe
NIAHYBAHHA [ TOKANI3aYisA pitteHb. THuull 8axciusull pe3yiomam NoiAae 8 momy, wo 8ioMosa 8i0 UKONHO20 NAIUBA
onsa Yrpainu nemoosicnuea 6e3 euxopucmarnms A0epHoi enepeii. Taxum uunom, 3poOieHo 8UCHOBOK NPO HeOOXIOHICHb
nocuneHusi pobomu HAO NIOGUWEHHAM eHepeoe@eKxmueHoCmi, OCKIIbKU Ye Modce 3ZHU3umu o0ocsie HeobXionozo
eHep2o3amMiljeHHsL.

KnrouoBi cnoBa: 3wmiHa knimaty; 3abpygHeHHs; HaBkonuwHe cepegoBuwe, PESTLE aHani3; kombiHOoBaHa
eHepreTnka; NOHOBNIOBAHI J)Kepena eHeprii.

Radomska M. M., Ponomarenko M. S., Nazarkov T. I.
THE ASSESSMENT OF UKRAINE’S PROSPECTS FOR THE FOSSIL FUELS PHASE-OUT

The running out of fossil fuels reserves and growing degradation of the environment quality have contributed to the
formation of new vision of economy development, based on transition to green energy. An essential part of this process
is the abandonment of fossil fuels extraction and processing facilities, as well as complete ban on their further use. As
of today Ukraine has a range of serious problems in the field of energy supply provision, due to lack of domestic energy
minerals reserves and dependence on their import. Moreover, the complicated geopolitical situation in the region
makes the state government seek for alternative sources for the diversification of supply. As a result, Ukraine has even
more reasons for phasing-out fossil fuels, than other countries of the world. The study of the existing international
agreements and national strategies adopted in European region showed that most developed countries have already
started to implement some elements of the Paris agreement on the abandonment of fossil fuels. In most cases this refers
to limitation on cars with internal combustion engines at cities and decommissioning of coal powered thermal plants.
The pros and cons of implementing state plans on changing carbon based energy to alternative power generation
strategies was assessed using the method of PESTLE analysis, which defines the influence of external factors and risks
for any strategy, in particular political, economic, social, technological, legal and environmental. The central problem
in the process of moving away from fossil fuels based economy is finding efficient substitution for them among
alternative renewable sources of energy with minimal impacts on the environment. To analyze the benefits of any
possible alternative the matrix method was used, in which all alternatives are graded by the scale in relation to a set of
valuable factors/parameters. The results of the PESTLE analysis show that social and environmental factors have the
highest contributing potential to the process, while political and economic factors may form both positive and negative
drivers, limiting the efficiency of other factors. The comparison of the substitution alternatives, including use of
geothermal energy, bioenergy, increase in nuclear, wind or solar energy and energy mix, demonstrated that the energy
mix is the one with the best outcomes at lower investments. However, it needs careful planning and localization of
solutions. Another important finding is that the fossil fuels abandoning for Ukraine is impossible without the nuclear
energy input. Thus, it is concluded that there is a need to work thoroughly on the improvement of energy efficiency, as it
can reduce the volume of the necessary energy supply.

Keywords: climate change; pollution; environment, PESTLE analysis; energy combination; renewable sources of
energy.

Pagomckas M. M., Ilonomapenko M. C., Hazapkos T. U.
OLIEHKA IIEPCHHEKTHUB OTKA3A OT HICKOITAEMBIX TOIIJIMB/UISA YKPAUHBI

Hcuepnanue 3anacoeé uckonaemozo monaueéa u yXyouieHue Kauecmea OKpyicaiouei cpedvl CHnocoOCcmeosanu
opmuposanuio HO06020 GUOEHUS PA3GUMUSL IKOHOMUKU, OCHOBAHHO20 HA Nepexode K 3eleHOU dHep2emuKe.
CywecmgeHHOU 4acmpio 3Mo20 RPoYecca sIGISemest 3aKpblmue npeonpusimuil no 00bvlye u nepepabomre UCKONaemo2o
MONIUBA, A MAKICe NOJHBII 3anpem HA ux oaibHeliulee ucnoaviosanue. Ha cecoonswnuii oenv Ykpauna umeem pso
cepbesHblx npobiem 8 cghepe sHepeoobecneyenus uz-3a OMCymCmeus GHYMpPEeHHUX 3aNAaco8 IHEPLEMUYECKUX NOAE3HbIX
uckonaemuix u 3agucumocmu om ux umnopma. bonee moeco, cnooicnas ceononumuueckas cumyayusi 8 pecuoHe
3acmasnsiem npasumeibCmeo UCKamy albMePHAMUSHble UCOYHUKY O] dusepcuurayur nocmaeox. B pezyiomame y
Vrkpaunol daoce Oonvwe npuuun 01 0mKA3Q OM UCKONAEMO20 MONIUBA, yem y Opyeux cmpan mupa. H3zyuenue
CYUEeCmBYIOUWUX MENCOYHAPOOHBIX COSNAUWEHUL U HAYUOHAIbHLIX CMpamecutl, NPUHAMbIX 8 eBPONEUCKOM pPecUuoHe,
NOKA3a10, 4mo OONbUUHCIMEO PA3GUINBIX CIPAH Yice RPUCIYRUIU K Peatu3ayuy HeKomopulx snemenmos Ilapuoicckoeo
coenauteHusi 00 OmKaze Om UCKONAemMblX MONaue. B Oonvuuuncmee ciyuaes 5mo Kacaemcsi O02PAHUYeHUsT HA
UCHONb308AHUE ABMOMODUNEI ¢ OBULAMENSIMU GHYIMPEHHE20 C2OPANUS 8 20P00AX U 8blG0OA U3 IKCHILYAMAYUU Y2ONbHbIX
mennosulx snekmpocmanyutl. TInocel u MUHYCbl peanuzayuu 20CyO0apCmEeHHbIX WIAHO8 N0 3aMeHe Y2lepoOHOU
OHep2emuKU HA AIbMEPHAMUGHbIE CMPAMe2ULl 8blpabOmMKU dJIEKMPOIHEPSUL OYEHUBANUCH ¢ ucnoab3oganuem PESTLE
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ananuza. Ilenmpansnoti npobnemoli 6 npoyecce omxo0a Om 3IKOHOMUKU, OCHOBAHHOU HA UCKONAEMOM WONIUGe,
A618€MCs NOUCK IPexmuenol 3amenvl cpedu 60300HOBIAEMBIX UCTNIOYHUKOG IHEPLUU ¢ MUHUMATLHBIM 6030€UCmEuem
Ha oKkpysicarowyio cpedy. /s aHanu3a npeumywecms G03MONCHbIX AbIMEPHAMUE UCHOTb30BANCA MAMPULHBLIL MEMOO.
Pesynemamer PESTLE ananuza noxkaswléaiom, Ymo coyudibHvle U 3Koao2udecKue Gaxmopsi 0o1aoarom Hauborbuum
NOMEHYUANIOM COOCUCMBUsL Npoyeccy, 6 MO 6pems KAk NOIUMUYecKue U IKOHOMUHECKUe (akmopvl Mo2ym
opmuposams Kax nonodcumeIbHble, MaK U OMPUYAmMebHble 0GUNCYUUE CUTbL, OZPAHUYUBAS I PekmusHOCTb Opy2ux
¢axmopos. Cpasnenue arbmepHamusHblX 6aPUAHNOE 3AMEWEHUs], 6KIIOUAsL UCNONb308AHUE 2eOMEPMATbHOU IHEPIUlU,
OuosHepeemuKy, ygenuuerue s0epHoll, 8eMposoll Ul COTHEUHOU IHepeUul U uUx KoMOuHayuu, npooemMoHCmpuposao,
YUMo UMEHHO NOCAeOHUIl eapuanm obecneuusdem HAULyYUIUe NEPCHEKMUEbl NpU MeHbuwux uneecmuyusx. OOHaxo
HeoOX00UMbIM A6TIAEMCA  MUWamenbHoe NIAHUPOSAHUe U JOKAIU3aYUs peuleHutl. Jpyeoll GadicHuli pe3yivbmam
3aKTOUACNCSL 8 MOM, YMO OMKA3 OM UCKONAeMO20 MONAUBA 0l YKpauHvl He803MOodCeH 6e3 UCNONb308aHUsL AOEPHOU
snepeuu. Taxum o6bpaszom, cOenan 6bI800 0O HeobXOOUMOCmMU  YyculeHus pabomvl HAO  NOGbIUUEHUEM
IHEP2OIPPDEKMUSHOCU, MAK KAK IMO MOACEM CHUZUMNbL 00bEM HEOOXOOUMO20 IHEP2O3AMeEUWeHUs.

KnioueBble cnoBa: nameHeHve knvmaTa; 3arpsisHeHue; okpyxatowas cpepa; PESTLE ananus; komGuHupoBaHHas

QHEepreTunka; BO30OHOBMSIEMbIE UCTOYHMKN SHepruun.
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