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Abstract. The paper considers issues of ensuring energy igeaurUkraine.
The first part of the paper is devoted to the asedyof the existing threats to
energy security and the possibilities of guaramigéhis security. It was shown
that the current level of energy security is urssatitory. It poses a real threat to
the economic and national security of Ukraine. @h#éhe most important ele-
ments of ensuring energy security in Ukraine isghaduction, import, and dis-
tribution of natural gas. The second part of thpepgrovides a detailed statis-
tical analysis of the natural gas supply in UkraifBased on economic-
mathematical approaches, forecasts for state ptiodyémport and transit of
gas for 2018-2020 are calculated. With the helpludter analysis, the clusteri-
zation of regions of Ukraine by the energy secugtyel was made in the third
section. We received five clusters according tolévels of gas supply. It was
concluded that the government should carefully taadsparently approach the
negotiation processes with other states interastgnt projects for the extrac-
tion and supply of oil and gas to Ukraine.

1 Introduction

Energy is the basis of the Ukrainian industrialremay, which ensures the function-
ing of all branches, the formation of a significaftare of the revenue part of the
budget and the receipt of foreign exchange funtigerdfore, the effective use of en-
ergy potential serves as the basis for the furtitenomic development of the coun-
try, which has a direct impact on the welfare & titizens. It is the key to its inde-
pendence, social and political stability, can helintegrate Ukraine into the Europe-
an and world community, and serve the defencesohdtional interests [1-2]. The
struggle for energy resources in world marketseasoming acuter, prices of giant
mining companies are dumping. The internationalflais, the risks of stability of
energy supply and critical pollution of the envinoent in the extraction and use of
energy resources are increasing. Therefore, erszgyrity has recently become the
subject of increased attention of the internati@meahmunity, individual countries and
their associations, in particular, the Europeanodnilrhis subject is within the scope
of scientific research.

The need for assessing the level of energy securitykraine is at the urgent ne-
cessity. The factor of energy security should Benainto account by any state au-
thorities when preparing and making decisions mtigarthe directions of the coun-



try's social and economic development, the devetoypirof the energy sector, in par-
ticular, and in developing measures to break tlitecak state in energy supply and
environmental protection of Ukraine. However, gahessumptions and policy talks
are nothing, without sound and exact calculatidisis, the purpose of the paper is to
assess the energy security in Ukraine with the b&kpconomic modeling approach.
Taking in account the deepness of the topic, wélddao concentrate our attention at
the analyzing particularly the consumption, eximatgtand transportation of natural
gas, as the most politically discussed topic atapenda with Russia. Therefore, the
following objectives are addressed according tddlye of the research:

1. To consider energy security and its criteria inrduege of the main threats (section
2).

2. To conduct statistical assessment and forecasfinglomes of consumption, ex-
traction, transportation of natural gas to Ukrajsection 3).

3. To carry out the clusterization of the regions &&ine under the level of energy
security (particularly, the current state of Ukedingas system) (section 4).

Once the answers to the above questions have e, fa cafeteria of policy
recommendations based on insights may be reprelstntgpply in the section “Con-
clusions and Discussion”.

2  Theconcept of energy security

The concept of "energy security" has become widebd and is closely related to the
security of the country. Ukraine belongs to cows#tithat are not sufficiently provided
with energy resources. Energy security is one efrttost important components of
the economic security of any country and affects phenomena and processes not
only of the energy system but also of the econontysciety as a whole [3-5].

The term "energy security" is used almost every@hereconomic and political dis-
cussions that are related to energy supply. Bferdifit authors put different meaning
in the concept of energy security. Attempts to deiee the essence of the concept of
"energy security" were not systematic and are nthlikea variety of approaches, and
some with insufficient justification [2]. Existingefinitions are based on several basic
approaches in which energy security is considesd@-8]:

« the state of protection of citizens, society, acdn®my from the threats of unsatis-
factory energy supply;

« the state of protection of interests (nationalestaublic) in the energy sector;

» the state of power supply systems (in particulal fand energy) under different
conditions.

In order to clarify this issue, first of all, it irecessary to define the object of ener-
gy security. If we consider the energy securityhef country, on a national scale, then
two approaches can be distinguished:

1) the fuel and energy complex (FEC), or the enexgpply system of the country,
including the fuel and energy complex and its managnt as an energy security fa-



cility [10]. This approach examines the securitytiod fuel and energy complex in
unfavourable political and economic conditions ginal and external), in case of
unsuccessful actions of the country's authoritied anfavourable actions of other
countries, as well as natural and man-made disaster

2) the economy, society, country [1, 11]. In thése, the security of the facility from
the impact of destabilizing energy factors is cdasd, and threats to energy security
come, first of all, from the unfavourable developrnef the fuel and energy complex
(or energy supply system in general).

Other approaches are a variation of the aboveutropinion, the second approach
is more successful. It allows to take into accdhatfull range of destabilizing energy
effects in the country, in particular: loss of a&xdo energy resources, inefficient
energy consumption, damage to the environment ffanfunctioning of the fuel and
energy sector, social conflicts (due to high ratesnergy prices growth, degradation
or alienation of mining regions, etc). This regsifth an understanding of the con-
cept of energy security, and the definition of aergy security facility, the develop-
ment of methodological bases for assessing the &fvenergy security, criteria, and
indicators of energy security and the organizatbappropriate information support
for such assessments.

In addition to the concept of an energy securitylitg, the concept of a threat to
energy security is important for determining itsarsge. Based on the general con-
cept, a threat is a phenomenon with predictableubaobntrolled events that can lead
to undesirable consequences. Threats may occuressilh of someone's actions (evil
intentions), spontaneously formed when the systemstfons or can be the cause of
factors not subject to man (natural disasters).€tweats to energy security are short-
term or long-term events that may destabilize thergy mix, limit or disrupt energy
supply, lead to accidents and other negative caresenps for energy, economy, and
society [1, 10, 12-14].

Table 1. Threats to Ukraine's energy security

Economic Economics with a high energy dependence

Socio-political The annexation of the Crimea, thgragation of the conflict in the
East of the country, Russian policy

Natural Lack of fuel supplies - energy resources

Technogenic Accident on the NPP in Chernobyl, thesequences of which de-
spite the 30-year-old antiquity are still relevant

Foreign policy Monopolization of energy markets

Foreign economy Organization of energy import

Imperfection of man-{ Despite a number of issued laws and decisionsiéeagement of

agement the energy security is not perfect

From the whole spectrum of threats, main energgatisrare related to:

« the energy supply system,
* the policy of domestic energy supply and energysoamption,
 the organization of energy imports,



« the financing of energy needs,

« the ensuring the state's energy independence,

« the monopolization of the energy market,

« the social consequences of energy policy,

« the negative impact of energy on the environment, e

Thus, we can determine the energy security of thanity as the condition of the
security against energy threats, when:

« justified enough, reliable and technically safepymwf the economy and the popu-
lation with energy resources, (unfortunately, thermmy of Ukraine and its popu-
lation are permanently under pain of not providamgrgy resources);

« ensuring the impossibility of significant interreahd external pressure on the state
management related to the energy sphere (extereasyre is Russian Gazprom,
the internal pressure is Naftogaz);

e warranting an acceptable level of harmful environtakimpact from the produc-
tion and use of energy;

« there is an absence of social tension in sociegnifcant conflicts, strikes, and
other social problems) related to the energy s€strsidies at the moment some-
what stabilized social tension).

Therefore, based on the above, we give the follgwdefinition of Ukraine's ener-
gy security -the ability of the state to ensure the efficient use of its own fuel and en-
ergy resources, to optimize the diversification of sources and ways of supplying of
energy resources to Ukraine to ensure the vital activity of the population and the
functioning of the national economy in the normal, emergency and martial way, to
prevent sharp price fluctuations on fuel and energy resources or to create conditions
for painless adaptation of the national economy to new prices for these resources.

Proceeding from this definition, energy securitaisintegral part of maintaining a
self-sufficient level of economic and national sgétyuof Ukraine based on the effec-
tive use of its fuel and energy potential with miail negative consequences for the
environment.

Failure to respond adequately to precautionary oreasand to delay the deploy-
ment of large-scale promising projects will threetiee formation and implementation
of state policy in the fuel and energy complex amdure the strategic interests of
Ukraine in the Eurasian economic space.

3 Statistical assessment of the current gas situation in Ukraine

Ukraine is one of the world's countries with stooksill kinds of fuel and energy raw
materials (oil, natural gas, coal, peat, uraniuta,)ebut the degree of supply and
production of reserves does not create the negetmael of energy independence.
Natural gas accounts for the largest share of sguof primary energy supply in
Ukraine - about 40%, but its own production is oohe-third of consumption. That is
why we decided to concentrate our attention oariglyses as the prior. This actuality



is supported by last events with Russian supplgasf to Ukraine agenda. As the in-
adequacy of own gas production is compensatedébiynthort of Russian natural gas.

In general, gas consumption in Ukraine can be destras excessive and ineffi-
cient. First of all, it concerns the population aslgjects of municipal heat energy,
since gas prices and tariffs for heat are subsintinderestimated. As a result, final
consumers are not interested in reducing consumptial implementing energy effi-
ciency measures. In addition, the current situaticzates an opportunity for arbitra-
tion operations (speculation on the differencering) due to the inappropriate use of
gas, which is transited to the needs of the pojpulaT here are significant technolog-
ical losses in the distribution of heat and gash wignificant potential to decrease.

Analyzing official statistics [16] one can conclutat the change in the volume of
natural gas consumption in Ukraine for all yearsharacterized by a first rapid de-
cline, then a sharp increase. However, from 2011420ere is a significant decline.
The most significant reduction in gas consumptiecuored in 2009, compared to
2008, it amounted to -14.4 billion cubic metersuséd gas, and the most significant
increase was in 2003, compared with 2002 +6.50hiliubic meter. After the Revolu-
tion of Dignity and the annexation of Crimea, thecupation of Donbas, where a
huge number of enterprising consumers were located the whole gas consumption
dropped till 32 billion cubic meters. This amoustst a little above than 2/5 of the
consumption level in 1998.

The analysis of the absolute change in velocityalbyears under consideration is
characterized by a change in the sign of absolekecity, that is, the alternation be-
tween acceleration and deceleration of absolutecitgl change, indicating uneven-
ness in the change of the volume of natural gaswuption in Ukraine during the
period under research. The dynamics of changebernvolume of gas consumption
demonstrates a downward trend. Therefore, it caexpected in subsequent years to
reduce the consumption of natural gas to 16.2hbiliubic meters in 2021.

In order to obtain a better picture of the curremérgy situation in Ukraine, it is al-
S0 necessary to consider the volume of naturatgasumption by the population and
industries, separately. In recent years there bas b decline in gas consumption by
the Ukrainian population over the past 16 yearsreéguly, more than 1,000 cities and
towns are gasified in Ukraine, and over 25,000ag#s. Gas is delivered to almost
150 thousand enterprises and communal consumers.

Several factors contribute to the reduction of reltgas consumption among the
population. First of all, a large-scale introduatiof gas meters has played a positive
role. In early 2008, they were installed in morarttb5% of household gas consum-
ers, while in apartments where the gas was useldefating, this share exceeded 85%.
Until recently, the gas heating had a lion's sldnésing gas consumption by house-
holds. However, the rise in gas prices and the @rpeincrease in tariffs, which
should hit the most the categories of consumeggifiantly slowed down the pro-
cess of installing new gas boilers. In private hsymaectric heaters became more
often used for heating. In addition, in recent geaas is slightly less used for cook-
ing due to the widespread use of such kitchen appdis as electric kettles, micro-
wave ovens, etc.

Experts suggest several ways to further gas savwingse residential sector. The
simplest of them is to equip all gasified apartreesatd private houses with meters
along with a significant increase in gas pricestfa population (which in Ukraine



now are 4-8 times lower than in Europe). It is assd that then consumers will
themselves care about saving and not wasting gasording to some estimates, due
to this, the use of gas by households can be redue80% that is to about 12 billion
cubic meters [16]. Taking into account the downwaedid, we can assume that in the
next three years the situation will not change.

We used Holt-Winters method and polynomial regmsdo forecast natural gas
consumption by the population of Ukraine for thedtriaree years (table 2). For the
Holt-Winters forecast model, the optimak 0.8 and3 = 0.4 were taken. Selection of
parameters carried out with the help of "reasoriablerride and minimization of
mistakes of known data-models. Here, we have atmitjust most successful results
of trend modelling is presented in the subsequguntds. Taking in account normality
and stationarity of data, as well as availableqabdf observations we reveal the most
significant results of forecasting.

Table 2. Forecast of gas consumption by the population ghldle, 2018-2020, billion cubic
meters.

Year | By theHolt-Winters method | By polynomial trend

2018 16.11 17.30
2019 14.62 14.93
2020 13.12 12.37

Similarly to the situation with consumption of gag the population of Ukraine,
volumes of gas consumption by the industrial seofothe economy in the last 16
years have decreased almost twice, as can be smanttie official statistics [16].
Initially, the fall in gas prices in the Ukrainitonomy was already due to the crisis
in 2009. Then, the volume of production of the &sfgindustrial consumers of gas -
producers of fertilizers and metallurgists - draghs@arply. The fall in turnover in the
construction complex has reduced the demand foenm#t such as bricks and ce-
ment, the production of which also uses natural trashe deep crisis, the sugar in-
dustry, mechanical engineering, and metalworkinigictv are also large gas consum-
ers, turned out to be. Lastly, the decrease intrgdég production due to the decrease
in its consumption allowed practically to abandba tise of gas in this area as well.
Although there has been a slight upturn in 201032Qke political situation in the
country and relations with its neighbours, the maiporters of gas to Ukraine, have
strongly influenced the further transportation aisé of gas.

For the next three years, taking into account tgeificant error of the predicted
values for the polynomial function, the forecast #918-2020 was made by Holt-
Winters model, with the values of the smoothingficents o = 0.8 and3 = 0.1 (ta-
ble 3).

Table 3. Forecast of gas consumption by the industrial sexftolkraine by Holt-Winters
method, billion cubic meters

Y ear Volume, billion cubic meters




2018 7.67
2019 6.47

2020 5.28

The production of natural gas in Ukraine begandma2l A new stage in the devel-
opment of the gas industry began with the commigsg of the largest Shebel in a
gas field in Ukraine (the volume of reserves - ®llon cubic meters) and the dis-
covery of a number of large deposits in the lats 50d 60's. In 1975, the volume of
gas extraction in Ukraine reached the historicakimam and since then has been
gradually declining, stabilizing in 1998. In thestd 5 years, the annual volume of gas
production is in the range of 18 to 21 billion auloneters. In the meantime, Ukraine
ranks fifth in Europe in terms of gas productiof][1

Today, the following features are typical for gasduction in Ukraine:

< high degree of depletion of initial reserves ofladeposits;
« low rates of exploration of new stocks;
e low quality of new stocks [17-18].

Therefore, every year the state oil and gas coregani Ukraine reduce gas pro-
duction. There is sucking out of these depositseckent stocks. At the same time,
investment in exploration of new deposits is fgldramatically, which in the future
10-20 years means a reduction of gas productian fiee current 20 billion to 14-15
billion cubic meters per year [16].

After analyzing the chain indicators for 1990-2016¢ can conclude that the
change in the volume of gas production in receatyés characterized by a dynamic
decline. After the Revolution of Dignity in 201het volume of production decreased
by 1500 million cubic meters compared to 2013.dct,f2014 has become a real test
for the Ukrainian oil and gas industry. Severah#igant events have taken place that
has fundamentally changed the market, first of gdls. Through the occupation of
Crimea, Ukraine lost control of the state-owned pany "Chornomornaftogaz" and
over the Black Sea shelf, where two new floatingtallations were operating.
Ukraine lost almost 2 billion cubic meters of gamaally or 10% of its production.
Another part of the extractive capacity is locaitethe occupied territory of the Don-
bas, and here the losses were less - 50 millioit cobters [16, 19]

By the Holt-Winters method (alpha=0.8, beta=0.byetasts were made for the
expected output of gas in Ukraine for the nextehrears (table 4).

Table4. Forecast of gas production in Ukraine from 20120&7 by Holt-Winters method,
billion cubic meters

Year | Volume, billion cubic meters

2018 14.91

2018 14.43

2020 13.96




The dynamics of changes in the volume of the ttaofanatural gas through the terri-
tory of Ukraine to European countries over the fddstyears shows that there is a
general tendency towards a recession. If 1998eid#tse for comparison, then in the
following years the volume of transit is steadilgcdeasing. After the sharp change
from 2008 to 2009, the volume of gas transit desgdafrom 119.6 to 95.8 hillion
cubic meters. This may be due to the fact thabi at that time when the country was
undergoing a significant economic downturn. Althbug the next two years, the
volume of transit increased, the level at leasthef 2000 year was not achieved. In
general, it can be concluded that for the pasteld g the volume of gas transported
by Ukraine has been reduced (Ukraine has stopppdrting Russian gas since No-
vember 2015). Table 5 shows the forecasts of nagrastransit through the territory
of Ukraine in the next 3 years. In this case, tludt-Minters method (alpha=0.4, be-
ta=0.1) and linear regression were used to preWet.can definitely say that in the
future, Ukraine will be expected to reduce gasditarolumes to European countries.

Table 5. Forecast of the transit of natural gas through Wieran 2014-2017, bil-
lion cubic meters

Year | By Holt-Winters | By linear regression

2018 74.89 72.01
2019 72.82 68.48
2020 70.76 64.95

The high degree of wear and tear of fixed asset&ad Transportation System
(GTS) determines the need for their modernizatiothe next decade. At the same
time, the scale of works depends directly on tfael lon the GTS, which is determined
by the volume of gas being transported. The maioripr of the further operation of
the GTS is to ensure reliable gas supplies to traedtic market with a minimum
level of investment and expenditure; thus, it isessary to conserve or decommission
the unloaded segments of the GTS.

4  Clusterization of theregions of Ukraine according to the level
of energy security (gas supply).

The main hypothesis we put for this stage: Ukrdias a homogenous situation as to
gas supply at the regional level. If the hypothesit be tested and not proved, we
would suggest the development of decentralizecbregienergy strategies under the
umbrella of the state Energy Strategy.

Thus, it is necessary to conduct the clusteringegfons according to the data on
natural gas consumption in 2014-2015 [21]. We needse these data, as no recent
years information is available. One can argue thatclustering could be currently
not so meaningful, as only the variable "natura gansumption" is used. Of course,
the procedure could be enhanced with the additidarther variables: for example,
volatility in demand, service levels, gas pressilwetuations, etc. But preliminary



correlation and factor analyses insured us in itpeificant explanation power of the
used characteristic. As the analyses on redundaittéal variables indicates that we
can continue with one most correlated and repratigatone - the data on natural gas
consumption.

We use cluster analysis to identify homogenous ggaf countries on the base of
the descriptive factor(s). K-means clustering imethod to quickly cluster large data
sets. We define the number of clusters in advarides is useful to test different
models with a different assumed number of clustergeneral, the k-means method
will produce exactly k different clusters of theegtest possible distinction. It should
be mentioned that the best number of clustersdiigato the greatest separation
(distance) is not known as a prior and must be etetpfrom the data. By means of
clustering with the K-mean method [19-20], we defseparate groups (clusters) of
the regions according to their level of gas supfie factor that we had chosen as
descriptive on the base of preliminary factor aseb). Subsequently, we suppose to
divide the regions into 2, 3 and 5 clusters.

2 clusters. The cluster initial centres on factor basis wesdadows: 3,073 for the
first cluster and -0,980 for the second. Afteretfations cluster centres changed. The
new final centres for each of the clusters weréndef 1,46405 and -0,462. It is pre-
cisely how far or close to the centre of each ef ¢lusters was the factorial sign of
each of the elements, and, accordingly, the digidh was split into clusters. The
first cluster included industrial areas with thghest population and population den-
sity. This is precisely the reason why the useatfiral gas in these areas is the most.
The second cluster included both industrial and-aggustrial areas.

3 clusters. To understand whether there is such a patternthigamost densely
populated areas with an industrial slope use masetigan others, we will make a new
breakdown - in 3 clusters. After two iterationswneluster centres were calculated
(Table 6), and, according to that, the regions kifdihe were divided into clusters.

Table 6. The initial and final cluster centres

. The initial cluster
Variable 1 > 3
Feature of factor 3,073 1,225 -0,980
. Final cluster
Variable 1 5 3
Feature of factor 3,073 0,841 -0,613

Now, we received that the third cluster contains ldrgest number of elements
(16), ©'— 1, 2 — 8. We can conclude that it will be logical fiettbreak the regions
into clusters in order to reduce the number of elesin the third cluster and to dis-
tribute them more or less uniformly by qualitatolearacteristics.

In this case, with the division of regions into @é&rclusters, only one region
(Dnipropetrovsk Oblast) entered the first clusfEne entire other regions that were
included in the first cluster of the previous carstation, adding Poltava, Cherkasy,
and Lviv regions were added to second cluster. fopigirovsk Oblast, which is the
only one in the first cluster, is one of the fipdaces in Ukraine in terms of economic
development, especially in such fields as minind #rod industry, metallurgy, ener-



gy, plant growing, besides being the first in themtry by population and the second
largest by area (after Odessa region).Taking imtmant all of the above facts, it
becomes clear why the supply of natural gas indfes is the greatest.

Let's consider in more detail the second clustéickvincludes: Kharkiv, Odessa,
Donetsk, Kiev, Poltava, Cherkasy and Lviv regiond ¢he city of Kyiv. All regions
of this cluster have a high level of economic depeient and a sufficiently rich set of
own raw materials. In general, the common figurethese regions are that they are
well developed in such industries as mechanicaineeging, fuel and energy, chemi-
cals, and light industry.

As for the third cluster, it consists of differestonomic potential areas:

« industrial: Zaporizhia Oblast, Mykolaiv Oblast, larisk Oblast, Sumy Oblast;

 industrial and agrarian: Vinnytsia Oblast, Khmeskyt Oblast, Zhytomyr Oblast,
Chernihiv Oblast, Ivano-Frankivsk Oblast, Terndpilast;

» agrarian-industrial: Volyn Oblast, Chernivtsi Olijakherson Oblast, Zakarpattia
Oblast, Kirovohrad Oblast and Rivne Oblast.

5 clugters. Therefore, it makes sense to continue separatittg dlusters. When
splitting into 4 clusters, no more useful resul&revobtained, since the regions that
were in the third cluster with the previous divisiavere left in it, but the second clus-
ter was divided into two new ones. Therefore, thioWing division was made on 5
clusters. After three iterations (Table 7), thddwing final cluster centres were ob-
tained for each of the new five clusters:

Table 7. The initial cluster centres

. The initial cluster
Variable 1 > 3 7 5
Feature of factor 3,073 1,186 -0,980 1,704 0,658
Variable Final cluster
1 2 3 4 5
Feature of factor 3,07363 1,11576 -0,65254 1,70492 0,33245

As can be seen in Table 8, the third cluster costélie largest number of ele-
ments. The fourth and first cluster generally csinesf only one element, but it was
verified that the further division into six clustewas not appropriate, since the third
cluster does not change its dimension equally. 8fbez, we will continue to consider
the division of regions of Ukraine into five clustgTables 8).

Table 8. Clusterization of the regions of Ukraine by the lesfegas supply to 5 clusters (1-3)

Distance
Oblast to the Oblast

Distance to Oblast Distance to the
the centre centre
centre




D't‘rig\;zﬁe' 0,000 Kharkiv 0,071 Mykolaiv 0,315
= - Odessa 0,180 Rivne 0,199
- - Kyiv city 0,109 Vinnytsia 0,199
- - - - Sumy 0,133
. . . . Khtrsnlf;?y' 0,066
- - - - Zhytomyr 0,008
: : : | rromkvek | 0003
- - - - Chernihiv 0,030
- - - - Ternopil 0,033
- - - - Luhansk 0,394
- - - - Zakarpattia 0,211
- - - - Volyn 0,229
- - - - Kirovohrad 0,238
- - - - Kherson 0,248
- - - - Chernivtsi 0,328

_ Fouhouser | Fithouser
Oblast Distance to the Oblast Distance to
centre the centre
Donetsk 0,000 Kyiv 0,326

- - Poltava 0,027
- - Cherkasy 0,067
- - Lviv 0,067
i i porizzizhia 0,353

Only Dnipropetrovsk region enters to the first tdusNevertheless, in the second
cluster, there are just three regions: the Khagkid Odessa regions and the city of
Kyiv. These are the regions with the highest pajmadensity in Ukraine, while
Kharkiv and Odessa regions are among the largeSkiaine by area, in particular,
the Odessa region is the largest region in Ukradiihey are also the largest industrial
centres of the country, which means that thereraey factories, such as:

« the Cement Slate Plant in Balakleya (Kharkiv reyithe one of the largest in
Europe);

« the OJSC "Odessa Plant of Radial Drilling Machin@ké& only company in the
country producing diamond-boring, coordinate-boriredial-drilling and honing



machines and the only one in the south of Ukraorapany producing castings of
ferrous and non-ferrous metals for machine-builing

« the Darnytsky railway car repair factory (Kyiv) ¢lonly potential user of gas in
these areas).

So, after considering the first two clusters, wa canclude that:

« Dnipropetrovsk region has the highest level of gapply, and uses the largest
amount of natural gas for the needs of industry@omllation;

« Kharkiv and Odessa regions and the city of Kyiv,ickhare part of the second
cluster, rank second in volume of natural gas use.

[ Highest level of gas
L supply

[ High level of gas

Middle level of gas
supply

Lower level of gas

supply supply

————~
)
)
~——

Destabilized level of
gas supply

————

Fig. 4. The regions of Ukraine clusterized by the levepa$ supply [21]

The third cluster is now compounded of more agrhsstrial regions, and Luhansk
oblast, which over the past year reduced the usefral gas by 67% compared to
2014. That is those regions that use a small voloinmatural gas.

Only the Donetsk oblast entered the fourth clustéis can be explained by the
fact that earlier this region has used almost #eesvolumes of natural gas as the
Dnipropetrovsk region. However, due to the curihiation in the East, gas usage
has decreased sharply (as in the Luhansk regidnmbte prominent from the eco-
nomic point of view there is a reduction in theusttial capacity of the Donetsk re-
gion).



The fifth cluster included Kyiv, Cherkassy, Poltataviv and Zaporizhzhia re-
gions. These areas have not only a powerful indlistomplex, but also make a sig-
nificant contribution to the country's agricultumplex. Therefore, we can say that
the fifth cluster included those areas that useatherage amount of natural gas to
meet the needs of the region.

So, in summary, the most optimal was the divisitto five clusters, since this di-
vision most accurately characterizes the regioridkoéine by the level of gas supply.
Figure 5 shows the results of the breakdown oforegjiof Ukraine into clusters ac-
cording to the level of natural gas usage:

« the highest level,

* high level;

* average level;

e low level,

« the destabilized level (the level of sharp decimeatural gas consumption, due to
the influence of political and economic factors).

5 Conclusions and discussion

The paper had demonstrated the good applicatidBoofiputational Economics and
Economic Modelling in the sense of simulation obra@mic processes with further
restrained and grounded development of economédegfies and conclusions. Only
mathematical methods and results of its applicatim provide the deprived of sub-
jectivity ground for the economic theories andpitsciples.

One of the main goals of the state energy polieyparticular, its embodiment in
the Energy Strategy till 2030, is the satisfact@nUkraine in fuel and energy re-
sources by increasing the share of their own pridmlu@nd easing external energy
dependence by reducing the volume of their impditswvever, accordance with it,
Ukraine only in 2030 should reach the energy irtgrthat Poland has achieved last
year. It turns out that the strategy throws Ukramey for almost 20 years compared
with the EU countries. So, there is the urgent ssitgto talk about the optimality of
this Energy Strategy.

The provided research revealed that the curreel lefvenergy security is unsatis-
factory, which poses a real threat to the econanit national security of Ukraine.
The capacity of the energy objects to withstandirtfleence of potentially dangerous
factors is constantly decreasing.

From the mathematical modelling point of view, th&row places and lacks of
modelling are quite obvious: the reaction to pritenges (price-volume elasticity)
and per capita consumption as well as the consompfi industrial customers, pref-
erably, could be included in the regression, sencmple trend extrapolation is very
naive, since it is based on data that has massivetial breaks. However, our task
was not to reveal the variation of the time sedgsurrent natural gas consumption,
production, and transmission in the factors imphat, to consider these indicators as
litmus of energy security. In particular, in thispger we attempted to see the gas situa-
tion in its trend if nothing changes and the temitshare sustainable. Therefore, just
dependence on time is taking in consideration.



Considering the situation with the gas productiotukraine, we have to state that
during the years of Ukraine's independence in igdd bf gas supply there has been
no improvement in quality indicators, and quaniti@atgas supply has deteriorated
largely. Given that this industry provides Ukraimith about 30-40% of the needs of
Ukraine. There are no investments for developmémewv deposits, then it is inap-
propriate to rely on full energy independence. €fme, the government should care-
fully, transparently approach the negotiation psses with other states interested in
joint projects for the extraction and supply ofaild gas to Ukraine.

Despite the fact that production conditions arestamly complicated, Ukraine
managed to maintain relatively stable volumes of geoduction over the past 15
years. Only during the last 3 years owing to theupation of the part of the territory,
Ukraine decreased production. There is a reas@ssame that in subsequent years
annual production volumes will be able to remairthat level of 16-18 billion cubic
meters. The consumption of gas declined substhntalthe last years as well. Espe-
cially, due to the occupation of territory in thadt of the country, where about one-
fifth of industrial potential was located. The irstity consumption of gas declined to
30% of the level at the start of the century. Htwadd consumption dropped almost
twice for the last 16 years. Gas transmissionds decreased, but not so dramatically.
Even in 2017, the level of transmission increasgd 4% compared to 2016. At the
same time, new threats arose when Russian Gazpmaka bontracts for further gas
transmission.

The cluster analysis that was conducted revealkednbst optimal division of the
regions of Ukraine into five clusters, accordingtte levels of gas supply: the high-
est, high, average, low and destabilized (the lef/sharp decline in natural gas con-
sumption, due to the influence of political and rammic factors). From this distribu-
tion, it can be concluded that most regions halmaevel of energy security, which
means that the further development of energy imdssin Ukraine, in particular, oil
and gas, should become one of the main pointseofutiure state policy. In industries
such as, for example, metallurgy, the state shprdchote technological innovation in
production to enhance energy efficiency and cortipetiess. Mining, heat and pow-
er, automobile production, as well as light indyusform a «problem areas» group.
That is those industries that do not generate hidffed value but at the same time
have a significant potential for domestic demankler&fore, these industries should
be strengthened using innovation to develop thermal market. In mining, the fol-
lowing are inherent; the low added value of pro@urgtsignificant amounts of subsi-
dization and unfair profits due to the redistributiof natural rent; low growth rates
and critical indicators of fixed assets depreciatidhis, potentially, has a threat of
high accident rates and even man-made disasteessfidre of these economic activi-
ties is decreasing over time. Therefore, the sthtauld just provide «social invest-
ments». This way, the state ensures the painlessirel of enterprises and retraining
of workers for employment in more profitable economactivities. This actions will
contribute to the energy security of the state.

Thus, it can be noted that Ukraine is facing compleallenges at the present stage
of its development. Increasing global energy efficy, reducing its own production,
occupying territories with industrial potential,carestricting Russia's gas transit have
created a number of problems to ensure Ukraing'sigd energy security. As a result,
extremely rapid and painful reforms must take placthe country. First of all, it is a



question of a significant increase in the efficigioé the use of all resources. In par-
ticular, today Ukraine loses 3-4 times more endrgpsmission than the European
countries lose on average. The second way is temak enterprises, especially the
steelmaking industry, which can reduce energy cuopsion by at least 15%. The
third way is to increase the efficiency of heatsgmwation in buildings and district
heating. The depreciation of the corresponding canioations is about 85%, which
requires a cardinal replacement. This will reduoedehold energy consumption by
about 15-20%. Finally, the third way is to trangfeoduction to more technologically
but less energy-intensive goods. Unfortunatelyayodkraine specializes in the pro-
duction of goods with low value-added, and themfibrrequires significant invest-
ments in new technological areas. The fourth wastilsexpensive enough, but the
experience of the EU shows that without it, it witit work. Today in EU countries,
on average, 20% of all energy is produced by reb@ansources, whereas in Ukraine
this share does not exceed 4%. At the same tiragqdtential for the development of
such sources in Ukraine is simply unbelievable:bgge is almost not processed,
which means that only at the expense of institai@manges it is possible to achieve
an increase in energy security by at least 20%.

However, it should be noted that all the steps id@ned require significant political
support, which is very difficult to implement ingtcountry preparing for the presi-
dential and parliamentary elections in 2019. Unfioately, this political component is
still a significant threat to Ukraine's energy ségu
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