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Nowadays, shale gas is becoming an increasingly promising alter-
native energy source. Taking into account the significant controver-
sial problems on the issue of shale gas development, its economic
efficiency, environmental consequences, the legislative framework,
it is necessary to structure and systematize the problems identi-
fied, to find optimal solutions, especially for the development of
this industry in Ukraine. The hypothesis of the study is the question
of whether there is an economic feasibility of extracting shale gas
in Ukraine. The purpose of the study is to analyze theoretical, prac-
tical, economic, investment and legal aspects of the development
of shale gas production in the world and the prospects of Ukraine
in this issue. The subject of the study is the economic, legal and
environmental factors in the development of the shale gas industry
in Ukraine. The methodological basis of the research consists of
scientific works on the main aspects of shale gas development in
the context of European integration. The economic and environ-
mental aspects of shale gas development in the United States, the
European Union and China have been examined. The economic,
ecological and legal aspects and prospects of shale gas develop-
ment in Ukraine on the Yuzivska and Oleska gas fields have been
determined. A SWOT analysis of shale gas development prospects
in Ukraine has been conducted, and the risks have been identified.
It was concluded that the development of shale gas production for
Ukraine is ambiguous, there are many contradictions, both eco-
nomic, environmental and legal.
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INTRODUCTION

Ukraine belongs to countries with economic development being significantly restrained by the
lack of own energy resources. Therefore, Ukraine has recently become increasingly active in issues
of energy diversification and energy investment. One of the components of this process is the ac-
tive use of bioenergy technologies, the development of new deposits, particularly production of
unconventional gas types. Natural gas and similar energy sources are the most convenient and
economical fuel type. Ukraine produces in its territory a certain amount of gas at the level of 15.5-
20.5 billion cubic meters annually. However, this number, according to state institutions of
Ukraine, is not enough to meet the needs of the national economy. Ukraine still remains the coun-
try with the world's largest share of energy consumption, while this figure is 3-5 times higher than
in developed countries. Due to the high energy intensity of many industries, particularly metallurgj-
cal and chemical ones, Ukraine needs to import additional 30 billion cubic meters annually. Con-
sidering the high and constantly rising cost of imported natural gas, there is a need for diversifica-
tion both as a source of supply and for own production of the specified energy resource. This prob-
lem can be solved by either gas import or unconventional sources development. The latter include
the so-called shale gas. However, despite the existing of some countries' experience of its devel-
opment and production, the economic and environmental aspects of the application and adapta-
tion of this technology remain virtually undeveloped, especially when it comes to Ukraine.

The structure of the global gas market has been changing rapidly in recent years. Thus, it is
gradually turning from segmented into regional clusters to a global one. These changes are associ-
ated primarily with the growing role of the global market for liquefied natural gas as compared to
regional markets for pipeline gas. The main catalyst of the upcoming global changes will be the
“shale revolution”, which is already changing the world energy map. It is worth to be reminded that
the term “shale revolution” refers to a breakthrough in the US in technologies for the extraction of
gas and oil from shale deposits. The Shale Revolution has led to a collapse in gas prices in the US
market, triggering a wave of structural changes in the global energy market.

The development of shale gas production has directly affected North America’s market and
manifested itself in a sharp decline in domestic gas prices in the United States so far. As for other
markets, shale gas production in the US has a rather psychological effect now. The reserves of this
resource were found in many EU countries, such as Poland, Hungary, Ukraine and some others,
which gave hope to the governments of these countries to obtain energy independence. The devel-
opment of industrial production of shale gas in the United States serves as an example of the suc-
cessful development of so-called non-conventional gas reserves. Therefore, the problems of shale
gas production for Ukraine are now very relevant. The goal of this study is to find out if Ukraine
needs to follow the “American model” for the shale gas production or accept the position of the
European Union. To answer this question, it is hecessary to study all the economic, legal and envi-
ronmental issues of the possibility of shale gas production in Ukraine. The purpose of this study is
to figure out whether it is necessary to invest in this industry or not.

1. LITERATURE REVIEW

It should be noted that the discussion of the prospect of shale gas production today takes one
of the central places among the interests of international and Ukrainian entrepreneurs and experts
in the field of energy and economic security. Although this is a quite new issue for the Ukrainian
economy, many specialists in various fields of science are involved in its development, namely
economists, technologists, ecologists, geophysicists, hydrogeologists, and others. Thus, A. Kali-
nichenko (2013) believes that it is necessary to closely study the experience of countries that have
already dealt with shale gas developing (for example, the USA, Poland), particularly to study tech-
nologies and accompanying mechanisms of production, their primary and subsequent influence on
agroecosystems. The increase in volumes of hydrocarbons of own production, the satisfaction of
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the needs and financial interests of international gas corporations should not lead to ecological
catastrophes and making it impossible for people to reside in the areas of gas production and ad-
jacent ones. A. Galeeva & 0. Gaziniva (2014) state that the prospects for shale gas production are
certainly great, which underlines the importance of research on this topic. At the same time, the
“shale revolution” has a great influence on the changing global gas market now. In the global
meaning of shale gas production, attention should be paid to the conclusion of C. Chen (2015),
who argues that shale gas is able to cause a change in the structure of natural gas production in
the future, which will lead to a significant change in the elasticity of demand in all regional markets
in the world.

E. Halina (2016) believes that the impact of the “shale revolution” on the development of un-
conventional hydrocarbon reserves was quite limited. Despite the efforts of the United States, sup-
ported by several European countries, shale gas production technologies are not widely used in the
EU. At the same time, the indirect effects of the American "shale revolution" were very significant.
The rapid growth of shale oil production was one of the reasons for the sharp drop in oil prices in
2014. J. Romm (2012) thinks that this is a potentially game-changing revelation for one of the
fruitful energy policy choices of this decade, which lies in understanding how hard it is to push
shale gas in the US and around the world. S. Balmasov (2014) has more pessimistic point of view
on the issue, claiming that the "shale revolution" could be another information myth of the West.
This statement is supported by an American scientist A. Berman (2012), who says: «We suspect
that the current euphoria about shale gas will follow the path of other energy panaceas including
coal-bed methane and tight sandstone gas. Shale gas will remain an important part of the North
American energy landscape, but its costs will almost certainly be higher, and its abundance less
than many now believe. Producer behavior will be modified by the effect of changing perceptions
on capital availability and the entry of new, more substantial players». Another American scientist,
L. Mattar (2008), on the contrary, mathematically proves that there is economic coherence in the
development of shale deposits. Also, he models the process of shale gas extraction and makes it
clear that investments in this production pay off within 3 years.

Q. Wang (2014) considers that the US shale gas revolution would be curbed, if the environ-
mental risks posed by hydraulic fracturing are not managed effectively. The hydraulic fracturing is
water intensive and can cause pollution in the marine environment, with implications for long-term
environmental sustainability in several ways. Also, large amounts of methane, a powerful green-
house gas, can be emitted during the shale gas exploration and production. Hydraulic fracturing
also may induce earthquakes. These environmental risks need to be managed by good practices,
which are not being applied by any producer in any location. Enforcing stronger regulations are
necessary to minimize risk to the environment and human health. Robust regulatory oversight can
however increase the cost of extraction, but stringent regulations can foster an historic opportunity
to provide cheaper and cleaner gas to meet the consumer demand, as well as to usher in the fu-
ture growth of the industry. Thomas C. Kinnaman (2011) claims: «Recent advances in drilling tech-
nology have allowed for the profitable extraction of natural gas from deep underground shale rock
formations. Several reports sponsored by the gas industry have estimated the economic effects of
the shale gas extraction on incomes, employment, and tax revenues. None of these reports has
been published in an economics journal and therefore have not been subjected to the peer review
process. Yet these reports may be influential to the formation of public policy».

Benjamin K. Sovacool (2014) notes that if implemented properly, shale gas development can
enhance energy security and the availability of energy fuels, lower natural gas prices, offer a clean-
er environmental footprint than some other fossil fuels, and enable local economic development.
However, in case of poor implementation production can be prone to accidents and leakage, con-
tribute to environmental degradation, induce earthquakes, and, when externalities are accounted
for, produce more net economic losses than profits. Weiyao Zhu and Dongxu Ma (2018) based on
the use of mathematical methods have proved the efficiency of shale gas production with minimal
environmental hazards in the field of mining.
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Jiehui Yuan et al. (2015) believe that shale gas, due to its clean-burning and efficient nature,
is becoming an increasingly promising alternative energy resource. It is commonly held that pro-
moting shale gas development will gradually play a significant role in meeting the energy needs of
economic and social development as well as reducing harm to the environment. Considering the
significant implications, many countries are pursuing shale gas opportunities. However, numerous
concerns have been raised about the economics of shale gas development, as it is difficult to
evaluate. Accurately evaluating the economic viability of shale gas development to reduce invest-
ment risks and increase investment opportunity is the key issue that needs to be urgently ad-
dressed. From the standpoint of legal support for shale gas development in Ukraine, the conclu-
sions made by A. Macko should be considered (2014). He believes that Ukrainian legislation con-
tains several gaps in regulation of shale gas development. At present, there are no mechanisms for
waste water utilization, reclamation of land plots where drilling is carried out, indemnities for local
residents for environmental damage, biodiversity conservation, etc. The lack of proper legislative
regulation means the actual lack of access to justice for local communities. There is a risk of mass
forced expropriation of land plots from members of these communities motivated by social neces-
sity.

2. METHODOLOGY

The methodological basis of the research consists of scientific works on the main aspects of
shale gas development in the context of European integration. Publications of domestic and for-
eign scientists in scientific journals and periodicals, legal acts that regulate the principles and
technology of shale gas development in Ukraine, the EU countries and the United States, comprise
the information and analytical basis of the study. The statistical base of the article has been pre-
pared based on the official websites and reports of the State Statistics Service of Ukraine and re-
ports of U.S. Energy Information Administration.

To achieve the goal of the study, the following general and specialized scientific methods and
tools have been implemented: the abstract method, the logical method and the method of theoret-
ical analysis have been used to determine the specifics of shale gas development; generalization
method, system analysis, comparative analysis and abstraction have been applied to study the
existing methodological approaches to determining the economic efficiency of shale gas develop-
ment in Ukraine; graphical method has been implemented to illustrate the total reserves of shale
gas in the world and to make the forecast of the possible production of shale gas at the Yuzovsky
and Oleskaya fields; synthesis method, specification and analogy have been exploited for calculat-
ing the economic efficiency of shale gas development in Ukraine and also for conducting a SWOT
analysis of the prospects for shale gas development in Ukraine, determining its environmental
threats. To structure the results of the study, descriptive statistical analysis methods have been
applied. The purpose of the study is to analyze theoretical, practical, economic, investment and
legal aspects of the development of shale gas production in the world and the prospects of Ukraine
in this issue.

3. RESULTS

A general definition of the category "shale gas" will be provided to support a detailed analysis
of the problem. Shale gas is a natural gas (methane content is up to 95%) contained in small
amounts (2-3% volumetric) in low-porous and poorly permeable clay-silty sedimentary rocks at
depths of from 1 to 5-6 km. (U.S. Energy Information Administration, 2018). The shale gas with a
methane as a main component is a pure, highly efficient energy and chemical raw material, which
is mainly used as consumer gas, raw materials for urban heating, electricity supply, automotive
fuel production and chemical industry. Horizontal drilling and hydraulic fracturing are used for the
extraction of shale gas. Although shale gas is contained in small quantities (0.2-3.2 billion m3 /
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km?2), a significant amount of it can be obtained through the opening of large areas. This is still the
only economic way to extract shale gas at the present time. According to the American Information
Energy Agency (2018), there was a total amount of 200 trillion m3 of shale gas in the world in the
beginning of 2017 (Table 1). The table shows that the estimated shale gas reserves, according to a
prospective estimate, were up to 50% of the conventional gas reserves in the world. This may indi-
cate the prospects the development of this type of fuel.

Table 1. Conventional and shale gas reserves in the world, trillion m3

Region Conventional Unconventional natural gas reserves
natural gas Gas of dense Shale Coal Total
reserves rocks gas methane
Eastern Europe / 144 11 12 20 44
Eurasia
Middle East 125 9 4 - 12
Asia-Pacific Region 43 21 57 16 94
America 47 11 47 9 67
Africa 49 10 30 0 40
Latin America 32 15 33 - 48
Europe 24 4 16 2 22
WORLD 462 81 200 47 328

Source: compiled by the authors based on U.S. Energy Information Administration, 2018
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Figure 1. Convection and shale gas reserves in the world

Source: compiled by the authors based on report by National power company «Ukrenergo»

In April 2017, the United States Secretary of Energy released a report on estimation the natu-
ral shale gas reserves in the 14 regions of the world most promising for development. It was pre-
pared by the US Energy Information Administration with the involvement of an independent con-
sultant ARI (Advanced Resources International, Inc., 2018). According to the results of the report,
world reserves of shale gas suitable for extraction are already equal to the reserves of a conven-
tional one. The research of 48 basins in 32 countries showed that world geological resources of
shale gas, excluding Russia, the Middle East, Central and South Asia, could reach 715 trillion m3.
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Technically possible volumes for extraction, based on the average world production rate of 25%,
are estimated at 187 trillion m3. An increasing number of regions and countries are becoming in-
terested in the development of shale gas. As for the number of projects, the USA, Australia, Canada
and China rank first, followed by India, Indonesia, Argentina, South Africa and several European
countries, including Poland, Germany and Ukraine. In some countries with the largest deposits of
this type of unconventional gas (USA, China, Argentina, Brazil, Mexico, Canada, Poland), its re-
serves considerably exceed the reserves of conventional gas, as seen from figure 1. In general, the
issue of energy security is currently very relevant for Ukraine, primarily because of the high level of
energy resources consumption in the country in comparison with other countries of the world and
the average income level of the population. Evidences of this statement are provided in the table
2.

Table 2. The ratio of gas consumption and income of the population of Ukraine

Country Gas consumption, Per capita income,

trillion m3 thousands of US$
USA 683,4 42,2
Russian Federation 414,1 6,5
Japan 94,5 36,2
Germany 81,3 37,1
Ukraine 55,0 2,5
Poland 14,3 9,8

Source: compiled by the authors based on report by National Ecological center of Ukraine

Devon Energy launched a large-scale industrial shale gas development in the United States in
the early 2000s, which was the start of the "shale revolution". The explored reserves of shale gas
amount to 24 trillion m3 in the US (technically accessible for extraction - 3.6 trillion m3) (Technical
Paper: Shale Gas Reservoir Characterization Using LWD in Real Time, 2010). The analysis of shale
gas production (Figure 2-3) shows that the rate of shale gas development in the United States
roughly reminds arithmetic progression, and the production rate increases from 40 to 80 billion m3
annually.

5H&IIicm m3
450
400
350
300 1 ¥ natural
250 - gas
200 -
150
100 -
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2010 2011 2012 2013{.eazr014 2015 2016 2017

Figure. 2. Total volumes of natural gas production and shale gas production in the USA in 2010-
2017

Source: compiled by the authors based on U.S. Energy Information Administration, 2018
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Fig. 3. Ratio of shale gas development to natural gas development in the USA in 2010-2017

Source: compiled by the authors based on U.S. Energy Information Administration, 2018

First, figures show the high level of shale gas development technologies, which have led to
drop in prices. It should be noted that such a fall in natural gas prices took place when the costs of
other energy sources were rising. In general, the further development of the shale gas industry in
the United States will depend on the situation on the domestic energy market, the development of
capacities for natural gas exports, the rates of drilling of new wells, their efficiency, regulatory
framework development and other factors. The state of shale gas extraction in the EU countries is
provided in the table 3, which shows that most EU countries have imposed a ban on shale gas
extraction. The main reason for the prohibition is the ecological damage of shale gas extraction
technology to the environment and public health.

Table 3. Shale gas development in EU countries

Country Gas reserves, Industry state
trillion m3
In 2011, activities suspended because of hydraulic fracturing and seismic
shocks.
UK 55 In 2012, shale gas extraction resumed.
By 2014, $12 billion have been invested in the industry
Since 2012, active production has been stopped due to the lack of economic
Poland 33 attractivene_ss of te_st wells. In 2013, 46 wells were drilled.
’ In 2014, a test well in the city of Lembork started operation (8 thousand m3
daily). It is planned to investment 12.5 billion euros by 2020
In 2010, exploration started.
In 2012, a moratorium on the development of deposits was established. On
Romania 0,5 26.01.2013 the development of deposits began. On 17.10.2013, the develop-
ment of deposits was stopped because of protest actions. Planned investments
in deposits exploration for 4 years account for $ 80 million.

France 6,4
Germany 2,3
Spain 2,0 Development and extraction are prohibited.
Italy 1,4
Czech Republic 0,9 Causes: Environmental risks.
Bulgaria 0,4 High risk to human health and the environment.
Netherlands 0,8
Sweden 0,2

Source: compiled by the authors based on report by Ministry of Finance Republic of Poland, 2018
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Poland is the most active country to introduce shale gas extraction technology, but at present
the results of extraction in Poland are not economically profitable and require significant invest-
ment. The shale gas extraction situation in China is worth being analyzed separately. Shale gas has
become a new independent type of minerals, which has been recently approved by the State
Council of China. China has the largest extractive reserves of shale gas in the world, which are
several times larger than in the United States. The table 4 shows the amount of shale gas extrac-
tion in China. The first and the only case of attracting a foreign oil and gas company to shale gas
production is a production-sharing agreement between the Chinese company CNPC and Shell,
which was signed in 2011 and approved by the Chinese government in 2013 (The State Council of
People's Republic of China, 2013). The Production Sharing Agreement supposes shale gas extrac-
tion in the Sichuan Basin on an area of about 3.5 thousand square kilometers. It should be noted
that simultaneously with an increase in own development of shale gas, China signed a 30-year
agreement with Russia on the purchase of natural gas, with a supply of up to 60 billion cubic me-
ters per year. This can be interpreted as the uncertainty of China in the real possibility of shale gas
extraction within the specified limits to cover its own needs. Conducted research of the economic
aspects of shale gas development in the world allows to proceed to the analysis of prospects for
shale gas development in Ukraine.

Table 4. Shale gas development in People's Republic of China

Year Extraction volume Investments in the industry

2012 50 million m3

2013 200 million m3 By 01.02.2013 $1,14 billion had been invested in the industry. More
2014 (planned) | 1 billion m3 than 80 wells had been drilled, including more than 20 horizontal ones.
2015 (planned) | 3,2-6,5 billion m3

2020 (planned) | 30 billion m3 If the water supply problem is solved

Source: compiled by the authors based on report by Ministry of Natural Resources of the People’s Republic
of China, 2018

It should be noted that by 2018 shale gas development in Ukraine had been completely
stopped. Experts provide several reasons to explain this. They include the military conflict in Don-
bass, the annexation of the Crimea and the crisis in Ukraine's domestic policy. The recovery of
shale gas production in Ukraine should begin in 2020, but it is necessary to investigate the eco-
nomic background of this issue in advance. The main areas of possible shale gas extraction in
Ukraine are Yuzsvska gas field (Eastern Ukraine) and Oleska shale gas deposits (Western Ukraine).

billion m3
45
40
35
30 Pessimistic scenario
25 Baseline scenario
20 Optimistic scenario

Forecast scenario
15

10

Oleska field Yuzovska field
Figure 4. Forecast variants of annual shale gas development in Yuzivska and Oleska fields of
Ukraine

Source: compiled by the authors based on report by National Institute for Strategic Studies, 2018
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According to the research of various scientific institutions and public services, prospective vol-
umes of shale gas reserves of Ukraine are ranging between 4 and 7 trillion m3. The results have
been obtained empirically, based on generalized data on the geological structure of the region and
typical indicators of gas content of shale and / or other natural gas containing rocks. Forecast vari-
ants of annual shale gas extraction in Yuzovska and Oleska fields are presented in figure 4.

In turn, real reserves assessments can only be conducted after detailed exploration work. Also,
they should be primarily based on the results of exploratory drilling and analysis of samples of geo-
logical material. According to the pessimistic forecast, Ukraine could rank fourth in Europe by vol-
umes of shale gas production right after Poland, France and Norway. According to the optimistic
forecast, Ukraine may hold the first place.

In early 2013, Ukraine signed an agreement with the US company Shell, which was supposed
to be engaged in the exploration and production of shale gas in Yuzovska field (the territory of
Kharkiv and Donetsk regions). Its area was 7,886 km2. Extraction forecast stood at 8-10 billion
m3. Probable reserves were estimated at 4.05 trillion m3. The investment parameters should have
the following specifications: $200 million should be spend on exploration and $3.5 billion - on the
development of the field. An agreement on product distribution has been signed for 50 years. The
initial stage of geological study involves obtaining two-dimensional and three-dimensional seismic
data and drilling 15 wells on the Yuzovska field. At the same time, at the initial stage, the Ukrainian
party (the state and joint venture Nadra Yuzivska) will receive 35% of the extracted gas. In the fu-
ture its share will reach 65%. However, Shell is insured: there is an item in the agreement that al-
lows it to export gas to Europe (Unconventional gas in Ukraine, 2018). Conducted economic calcu-
lations are presented in table 5. Under the above-mentioned terms of the contract between
Ukraine and Shell, a profit margin of $100 will allow Shell to fully return investments in 5 years,
and then receive permanent income with the Ukrainian side at 50% for 45 years. It should be not-
ed that is possible under pessimistic scenario.

Table 5. Economy of Shale Gas development on Yuzovska and Oleska Field in Ukraine

Yuzovska Field Oleska Field
Initial conditions Shell | Ukraine Chevron | Ukraine
Annual production under pessimistic - 3 . 3
scenario 8 billion m 5,6 billion m
Field development investments $410 million - $350 million
Deposit de"e'%%r;‘ggt investments $1,75 billion $1,75 billion $1 billion $1 billion
Forecast cost under pessimistic sce- 3 3
nario for 1 thousand m® 200% thousand m 200% thousand m
Selling price under pessimistic sce- 3 3
) 3 300$ thousand m 300$ thousand m
nario for 1 thousand m

Calculation of annual profit

Total costs $2,36 billion [ $1,75 billion $1,35 billion | $1 billion
Rate of return 100$ for 1 thousand 8 billion m® * $100 for 5,6 billion m3 * $100 for
3 _ s
m 1 thousand m° = $800 million 1 thousand m3 = $560 million
% according to the agreement 65% 35% 50% 50%
Payback period Up to 5 years Up to 7 years Up to 5 years Up to 5 years
Agreement term - 50 years (The work was suspended on 04.06.2014 due to a military conflict in Ukraine)
Years 45 45 45 45
Profit distribution 50% 50% 50% 50%
Minimum profit from the deposit $800 million per year $560 million per year
Profit (minimum level) $400 million per $400 million $280 million $280 million per
year per year per year year

Source: compiled by the authors
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Because of the military conflict in Ukraine in June 2014, Shell stopped exploration of shale gas
fields in eastern Ukraine. According to the Ministry of Energy and Coal Industry of Ukraine, the first
volumes of shale gas extraction will appear not earlier than in 3 years (Ministry of Energy and Coal
Industry of Ukraine, 2018). Another area of potential shale gas production in Ukraine is Oleska
area. On November 5, 2013, Ukraine and Chevron signed an agreement on gas extraction on the
Oleska area, which is located within the Lviv, Ivano-Frankivsk and Ternopil regions. The investment
parameters are supposed to be following: $350 million for the development and $2 billion to pre-
pare the area for the initial drilling. An agreement on product distribution has been signed for 50
years. 13 exploratory wells are expected to be drilled at the stage of geological study (Unconven-
tional gas in Ukraine, 2018). Conducted economic calculations are presented in table 5. Under the
above-mentioned terms of the contract between Ukraine and Chevron, a profit margin of $100 will
allow Chevron to fully return investments in 5 years, and then receive permanent income for 45
years. It should be noted that is possible under pessimistic scenario.

It should be emphasized that in order to reach the specified volumes of extraction, it is nec-
essary to drill approximately 1000 wells, which will require about 200 sites with an area of from 1
to 3 hectares. By the way, considering that the drilling of one well takes 3 months, a creation of a
given number of wells will require 20 modern drilling machines working for 12,5 years. In general,
conducted economic calculations show that the issues of economic fairness of these agreements
in the context of energy security for Ukraine remain open. It is worth noting that the Chevron pro-
ject in Ukraine was also suspended in 2014 alike the Shell one. Suspension of shale gas produc-
tion as well as other energy carriers, that are hard to extract, was not only Ukrainian but also a
global trend in 2014. Resumption of production is possible due to the increase in the cost of "clas-
sical" energy sources, which is expected in the coming years. According to the (fi.news), shale gas
extraction in Ukraine will be expedient when a natural gas price reaches $265-365. There is SWOT-
analysis carried out in order to implement the program of shale gas extraction in Ukraine (table 6).
The strengths of shale gas extraction for Ukraine are following: reduction of dependence of the
country on imported gas; new workplaces creation; proximity to the sales markets; availability of
Oown energy source.

Table 6. SWOT-analysis of prospects for shale gas development in Ukraine

Strengths — reduction of dependence of the country on imported gas;
— new workplaces creation;

—  proximity to the sales markets;

— availability of own energy source;

— opportunity to export gas.

Weaknesses | — climate change (environmental catastrophe)

— water pollution;

— air pollution;

— removal of large land areas from economic use;
— significant investments.

Opportunities | —  country provision with own gas;

— extraction of shale gas in the country will lead to savings on the money paid for imported gas;
— opportunity for economic growth;

— energy security.

Threats — technological dependence on the USA;

— need of significant investments;

— hydraulic gap of layers;

— greenhouse gases;

— short operating period of wells;

— earth surface deformation;

— reduction of territory seismic stability.

Source: compiled by the authors
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There are several main reasons for the lack of acceptance by the local population unconven-
tional gas development in Ukraine (National Institute for Strategic Studies, 2018):

sary public moods";

applicants, lack of operating experience in Ukraine;

to support propagandistic stereotypes;

high "politicization" of energy supply issues, which pushes interested parties to create "neces-
insufficient transparency in the issues of technology development of individual companies -
lack of information among the population and non-governmental organizations that are inclined

the lack of appropriate explanatory and scientific-experimental work on the unconventional gas

problems by central authorities in work with local governments, institutions of the National
Academy of Sciences, citizens and non-governmental organizations;

— the lack of adequate mass informing of the population in the places of potential development
by companies claiming for subsoil use and official government structures.

Also, there is a significant disadvantage of shale gas production, which, in fact, pushed Europe
to impose a moratorium on extraction. It is the threat to the ecology of Ukraine. A detailed analysis
of the environmental risks of shale gas development in Ukraine is given in table 7 (V. Koziuk et al
2018; S. Kozlovskyi, 2010).

Table 7. Environmental aspects of shale gas development in Ukraine

Problems

Yuzovska Field

Oleska Deposits

Use and protection
of water resources

1. Very large volumes of water are required. Its
reserves are insufficient in this area (the river
Siversky Donets provides drinking water to a

large part of the population of Kharkiv, Do-
netsk and Luhansk regions).

2. The part of Kharkiv and Donetsk region that
does not have enough water resources may
lose its strategic groundwater reserves (about
10 kilometers separates the site of the first
freaking drilling from the Krasnopavliv reser-
voir, from which one third of Kharkiv gets wa-
ter).

1. Very large volumes of water are needed. Its
reserves are insufficient in this area.
2. Absence of waste water discharge points.

3. Ukrainian legislation prohibits drilling of oil and
gas wells and discharges of wastewater in the
zones of sanitary protection of water intakes (the
problem of providing water supply in Lviv and
possible contamination of the mineral water de-
posit "Oleska").

The threat to the
natural reserve
fund
of the Carpathians

The attractiveness of the tourist and recreation
complexes of Western Ukraine will be lost (balneo-
logical resorts Slavyansk and Svetlogorsk will be
destroyed; the village sanatorium "Salt Symphony"
and the unique salt deposit of Soledar may also be
destroyed).

Seismicity,
geological
stability

1. Landslide danger
2. Areas cannot stand seismic activity, used
construction technologies and materials may
not withstand the shocks that are formed in
the earth during hydro-breakdown of the lay-
ers.

1. The areas are characterized by increased seis-
micity and significant tectonic disturbance. The
use of fracking can unpredictably cause earth-

quakes.

2. Under above-mentioned conditions of tectonic
disturbance application of fracking can lead to
loss of screening properties of watertight strata
and uncontrolled distribution of fracking liquids

and gases in the geological environment.
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Horizontal drilling and shale gas wells operation require toxic chemical reagents. In normative acts
of most developed countries, which have not yet banned the use of fracking, companies are re-
quired to fully disclose the composition of fracking liquids. In Ukraine, there is no such requirement
in the legislation, therefore, in case of an accident or deliberate pollution of the environment, it will
be almost impossible to convict the companies that apply fracking.

Each gas well is an object of increased explosion and fire hazard. A fracking well also supposes
additional chemical danger.

If an accident occurs during hydraulic fracturing, several tons of fracking substance will be released
to the air. The question of neutralization and liquidation of probable consequences is still open.
Fracking liquid or its components are to be transported over long distances (in some countries,

Transportation temporary pipelines were used for this in the past). Ukraine has no legislative restrictions on the

transportation of fracking liquids or its components.

Hydraulic fracturing is an almost uncontrolled process that can only be calculated based on the
theory of probability. At the same time, there is always a certain probability that the process will go
the other way, that the structure of the underground rocks differs from the one calculated, etc.
Consequently, some cracks in compacted sandstones can reach the upper boundary of their occur-
rence. These cracks may coincide with similar cracks in other rocks. Thus, natural gas gets to the
surface not through the well, but through random openings, which creates the danger of fire and
explosions, poisoning of people and animals.

Artesian waters are one of the greatest treasures of Ukraine.

Artesian waters Shale wells are characterized by excessive depth: 3.5-5 kilometers. Thus, they will cross even the

pollution deepest aquifers for sure.

This technology will destroy the reserves of Artesian waters of Ukraine.

Lack of Ukrainian
environmental
standards for most
chemical reagents

Technogenic

Methane
losses

Source: compiled by the authors

Finally, regarding the environmental problems of shale gas extraction in the EU, several coun-
tries have already imposed a moratorium on the use of hydraulic fracturing technology (fracking)
for the extraction of non-conventional gases. Either they had witnessed the catastrophic conse-
qguences of this method or they are just aware of the high degree of risk. In September 2013, the
Congress of the International Union for the Conservation of Nature adopted Resolution No. 118
(Ecologia ta pravo, 2018) encouraging states to suspend the issuance of licenses for the produc-
tion of gas with hydraulic fracturing method and to prohibit its use near drinking water sources, in
seismic hazardous areas, in areas with a shortage of water, near seismic faults and in protected
areas. More than half of the existing reserves of conventional natural gas in Ukraine has already
been extracted. In order to reduce the dependence on Russian fuel, the government is planning to
produce shale gas. Due to the attraction of large foreign oil and gas companies to extraction of
unconventional types of natural gas, Ukraine will become more energy and therefore politically
independent. On the one hand, citizens are concerned about the danger of gas extraction technol-
ogies for their health and the environment, on the other hand, there is a willingness to become
independent from Russian gas consumption at any cost. The hydraulic fracturing is a controversial
method for extracting shale gas. It can be safe if implemented with careful security and proper
process management.

At present, industrialists are seeking alternative methods of hydraulic rapturing to replace
chemicals, which is caused by public protests. Thus, a group of Austrian scientists proposes to
replace toxic substances under high pressure in gas-bearing layers on a mixture of starch, water,
sand and corn. Such a study could be conducted, for example, in Ukraine or Poland, where shale
gas development is a relevant issue. Unfortunately, today there is no hydraulic fracturing technolo-
gy that does not require the use of chemicals. In order to study all the risks of such hydrocarbon
production and changes in domestic legislation in accordance with the requirements of interna-
tional environmental standards, it is necessary at least to create a joint commission of representa-
tives of the extracting company, experts, local authorities, public organizations and all interested
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parties. Such a commission would study the experience countries that are already producing hy-
drocarbons with the use of the fracking method. The commission would also create a relevant pub-
lic agreement that would take into account Ukraine's specifics, wishes and suggestions of all inter-
ested parties and local communities in the extracting areas at the first place. After all, despite all
the economic and political benefits of shale gas development (cheapening of gas, removing de-
pendence on foreign supplies, etc.), its extraction can cause a significant violation of long-
established ecosystem, violate the right of Ukraine's inhabitants to a safe environment, and be-
come a factor of significant social shifts, migration processes, etc.

It is necessary to conduct an active proactive company of informing local communities about
the advantages and risks of the process of exploration and extraction of shale gas. Local govern-
ments should receive complete and reliable information on this issue and, in accordance with the
Laws of Ukraine "On the protection of the environment" of 1991, "On Local Self-Government in
Ukraine" of 1997 and Decrees of the Cabinet of Ministers of Ukraine "On Approval of the Procedure
for Involving the Public on the Issues of Decision Making that May Affect the State of the Environ-
ment” of 2011 to ensure the formation of a conscious position of local communities. Considering
the high level of risk and the serious negative effects of extraction, as well as the lack of adequate
regulation and protection mechanisms, the shale gas development in Ukraine requires a thorough
research. Under conditions of associate membership in the EU, Ukraine has to comply with Articles
35-37 of the Charter of Fundamental Rights of the European Union, 2000.

CONCLUSION

According to the data of European Commission, fracking is a highly risky activity that affects
people's health and the environment. Scientists from the EU have proved that the process of shale
gas extraction is risky for the environment. The leak of methane and highly toxic carcinogenic
chemicals is virtually inevitable and affects the quality of air, water and soil, creating serious
threats to human health. Many of these effects are of a non-temporary nature and are manifested
not only locally. They have impact at the regional level, and even globally. Also, in the case of water
and air pollution, there is a threat to future generations.

Considering insufficient geological exploration of shale gas deposits in Ukraine, it is necessary
to conduct in-depth research with the aim of clarifying the conditions of extraction and forecasting
the consequences of extractive activities. For this purpose it is expedient to identify the areas of
priority extracting works as experimental industrial sites, within which the following forward-looking
research complex should be carried out: geophysical parameters of the gas-producing area; study
of the gas-geochemical field, geochemical indicators of landscapes within the zone of potential
impact of the polygon; analysis of materials of remote sensing of the Earth and determination of
the presence of activity of geological structures; carrying out of high-frequency engineering-
geodetic researches for estimation of possible changes of the explosions surface; estimate of the
number of experimental industrial wells, the volume of energy use during hydraulic fracturing as a
source of man-made earthquakes; determination of the structure and composition of the ecologi-
cal monitoring systems of the landfill and zone of influence of shale gas extraction and its interac-
tion with the existing system of eco-monitoring.

It is necessary to prepare the necessary infrastructure: if the industry development follows an
optimistic scenario, there will be a need for the drilling of a large number of wells each year (sever-
al hundreds and more), the territorial displacement of extraction areas and engineering infrastruc-
ture (access roads, technological water pipelines, etc.), modernization of existing gas pipelines and
new construction to meet local needs; access to water supply, drainage and water treatment sys-
tems, as well as construction and modernization of enterprises for cleaning and storage of waste
with sufficient capacity. The first cubic meter of Ukrainian shale gas will be extracted not earlier
than in 2021. Thus, considering the environmental threats and political battles, this problem
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should be finally solved in future. Therefore, it is not necessary to speed up the process. It is cru-
cial to analyze all the pros and cons and listen to unbiased scholars and experts. The future of the
state and the welfare and health of its citizens depend on this issue, while every mistake or mis-
calculation can be fatal.

All in all, the shale gas extraction as an alternative to natural gas and the way of reaching polit-
ical independence from Russia is a totally right decision. However, before starting this new and
specific economic activity, all institutes of public administration in Ukraine must conduct a prepa-
ration in advance. It includes many years of making changes in domestic law. Now, after the sign-
ing of the relevant agreements, the main task for Ukraine is to improve and amend the national
legislation, using more than 60 years of international experience of the USA on advanced technol-
ogies for successful shale gas extraction on the territory of Ukraine.
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