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Introduction. Diversification is a broad concept that provides for an even distribution of risks in
order to reduce their negative potential impact.

Diversification can concern types of energy resources, sources of energy resources, types of energy
technologies. It is believed, that diversification of energy supply by type and origin provides a higher level of
energy security. However, diversification alone does not lead to a positive impact on energy security if it
concerns the use of additional less reliable energy sources [12; 14].

Key drivers’ forces and instruments of EU energy security are the completion of construction
internal integrated energy market, diversification of sources supply of energy resources, strengthening
cooperation between states on transportation and storage of natural gas, increase energy efficiency, reduction
of harmful emissions into the atmosphere [15].

The economic modeling is the reproduction of economic objects and processes in limited, small,
experimental forms, in artificial conditions. Modeling is a prerequisite and a means of analyzing the
economy and the phenomena occurring in it, and substantiation of decisions, forecasting, planning,
management of economic processes and facilities. In this case, the model means the reflection of the real
economic situation, the process in the form of a scheme, algorithm or in some other way. The encyclopedic
dictionary gives the following definition of this concept: economic model — a simplified representation of
reality, abstract generalization, embodied in the form of economic and mathematical model [13].

Based on the study, it can be argued, that Ukraine considers its own energy security in the context of
strengthening cooperation with the EU in the field of energy. Ukraine seeks to implement or expand projects
to diversify natural gas supplies, strengthen its status as a reliable transit country, and integrate into the EU's
energy space.

As part of a targeted policy to diversify natural gas sources, Ukraine is cooperating with European
operators of related gas transmission systems on the possibility of signing a «cooperation agreement» at all
connection points, as well as providing and expanding technical capabilities for gas transportation from
Europe.

Significant capacity of gas storage facilities in Ukraine in this case can be used for seasonal price
arbitrage to reduce the total cost of imported gas.

Basic material and results. Based on the proposed conceptual and methodological approach to
assessing the level of diversification of the natural gas market of Ukraine, a model of diversification of the
natural gas market has been developed, which is based on the following indicators.

Partial indicators of diversification, which reflect the external aspects of the EU natural gas market,
include: dependence on natural gas imports; the number of entry points into the gas transmission system of
Ukraine for the import of natural gas (the number of external sources and routes for the supply of natural
gas); number of natural gas suppliers; quantity and specific weight of components of the complex of primary
gaseous energy carriers imported (natural gas, liquefied gas, shale gas and biogas).

It is known that the state’s dependence on the natural gas port is one of the most important indicators
in terms of energy security. This indicator is usually determined by the ratio of total imports of natural gas to
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total consumption of this energy for a certain period of time, and countries, depending on this indicator in
percentage are classified into the following groups [1-2, 8]:

- countries with low dependence on imports (< 10%) and countries-exporters;

- countries with average dependence on imports (30% — 40%);

- countries with high dependence on imports (> 70%).

The greater the value of this indicator, the lower the level of diversification of routes and sources of
natural gas supply.

According to world standards, the import of natural gas is considered reliable, if the supply is made
from at least three sources [6], then if this condition is met, gas supply is diversified.

Maximum supply from one source. Since according to international energy security criteria, the
supply of energy resources from one source should not exceed 25% [3], the maximum supply will be:

Q,=0,25*Q,, 1)

where Q3 — total imports of natural gas, thousand cubic meters.
Relative supply diversification ratio (diversification ratio), which takes into account the number of
suppliers and supply volumes.

3Q
K, = (1?— %100%, @)
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where Q;— the volume of gas supplied by a separate producer (from a separate source), provided that
Q:=Q,; if Q>Q,, then in formula (2) Q; is taken equal to Q,; n is the number of gas supply sources [5].

At present, despite the relatively high cost of liquefaction/regasification technologies and equipment,
liquefied natural gas (LNG) supply is a cost-effective alternative to long-distance pipeline transportation of
natural gas.

To reduce its dependence on gas imports from Russia, Poland, for example, is expanding LNG
purchases in Qatar and the United States. In November 2018, PGNIG agreed with the American Cheniere
Marketing International to supply LNG for the next 24 years.

Recently, Poland has signed agreements with US companies to purchase about 6 billion cubic m of
LNG totaling about $ 25 billion and the American Cheniere Energy has started the implementation of this
long-term contract for the supply of LNG (according to the document in 2019-2022, the volume of supplies
will be about 0.52 million tons of LNG (0.73 billion cubic m of gas after regasification); in 2023-2042 the
total volume of LNG imports will reach 29 min tons (about 39 billion cubic m) since 2023. Paging will
receive about 1.45 million tons/year of LNG (about 1.95 billion cubic m). Total shipments will amount to
29.5 million tons of LNG (about 39 billion cubic meters) under this contract, Paging will receive LNG
produced in factories Sabine Pass in Louisiana and Corpus Christi, Texas deliveries will be made by the
formula DES (delivery ex ship) Incoterms — the seller bears all costs and risks of LNG delivery to the port of
destination until it is unloaded at the LNG terminal).

In order to increase the level of energy security of the state, ensure diversification of sources and
routes of natural gas supply to Ukraine, integration of the natural gas market of Ukraine into the Energy
Community market, work is underway on the project «Construction of Ukraine-Poland gas pipeline
interconnector».

The project of building a gas pipeline-interconnector Poland-Ukraine is important for the
infrastructure of both Ukraine and Poland. This project is seen as a key project for diversifying natural gas
supply sources and routes, security of supply, and creating a fully integrated and competitive regional gas
market in Central and Eastern Europe. The project will also help strengthen cooperation between the EU and
the Energy Union. The construction of the gas pipeline-interconnector will increase the volume of gas
transportation to Ukraine on a permanent basis.

Also, the integration of Polish and Ukrainian gas transmission systems is part of the North-South gas
corridor, which allows gas to be transported from the LNG terminal to Swinoujscie via Central and Eastern
Europe using cross-border interconnectors. The main goal is to create a flexible transportation infrastructure
in Central and Eastern Europe that will connect the Western gas markets and the global LNG market with the
Central and Eastern European market. Such a large-scale effect should have a positive effect on competition
and the attractiveness of the region in the perspective of market participants.
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The project envisages the integration of gas transmission systems of both countries to increase gas
imports to Ukraine from Europe via Poland, as well as to ensure the storage of European gas in storage. On
June 13, 2017, after a year of joint work with Naftogaz of Ukraine, the Ministry of Finance and the Energy
Customs of the State Fiscal Service, JSC Ukrtransgaz opened a customs warehouse for temporary storage of
natural gas in Ukrainian underground storage facilities for the opening and operation of customs warehouses
on the basis of Ukrainian gas storage facilities).

The fact of starting to use the «customs warehouse» service is an element of implementing
Ukrtransgaz's development strategy as a full-fledged European operator, which is well oriented to the needs
of market participants and, accordingly, introduces new services to expand the range of potential customers.
The launch of a new mode of operation of gas storage facilities «customs warehouse» is also another step
towards the creation of a regional gas hub based on gas storage facilities in Ukraine.

Previously, customs clearance of natural gas transported to the customs territory of Ukraine for its
storage in gas storage facilities could be carried out only in the customs regime of «transit». Also, the
provisions of the Customs Code of Ukraine set the terms of transit transportation by pipeline — 31 days. Such
conditions were not economically acceptable for most foreign gas traders. From now on, customs clearance
of gas coming from abroad for storage in Ukrainian gas storage facilities is carried out in the «customs
warehouse» mode.

The creation of such a warehouse allows companies, including foreign ones, to store gas on the
territory of Ukraine for 1095 days without paying any taxes and customs duties, subject to further
transportation of natural gas from the territory of Ukraine. Thus, the Ukrainian legislation removes all legal
barriers to the provision of natural gas storage services to non-residents in gas storage facilities.

Ukraine is implementing a European approach and has allocated the GTS operator to an independent
structure. The new GTS operator gained independence not only from the current owner, Naftogaz of
Ukraine, but also from any other influences from producers and suppliers of natural gas and electricity, in
particular through the vertical of public authorities.

An important component of the functioning of the gas transmission system is a complex of natural
gas storage facilities, which provides overlapping of peak periods of natural gas consumption in the autumn-
winter period.

Table 1 shows the data on the availability of natural gas in the gas storage facilities of JSC
Ukrtransgaz at the beginning and end of the selection seasons 2016-2017, 2018-2019.

Table 1
Availability of natural gas in JSC Ukrtransgaz (billion cubic meters)
2016-2017 2017-2018 2018-2019
At the At the end of At the At the end of the At the Finally
beginning of | the selection | beginning of | selection season | beginning of season
the selection season the selection the selection selection
season season season
14.7 8.1 17.0 7.4 17.2 8.7

Source: data of NJSC «Naftogaz of Ukraine»

Table 2 shows the data on the actual recorded maximum daily gas extraction from gas storage
facilities and the average daily gas extraction from gas storage facilities during the season.

Table 2
Volumes of the level of gas extraction from gas storage facilities
(million cubic meters)
2016-2017 2017-2018 2018-2019
Maximum Average daily Maximum Average daily Maximum Average daily
daily selection selection daily selection selection daily selection selection
91.9 41.0 116.3 57.1 101.2 55,2

Source: data of NJSC «Naftogaz of Ukraine»

As part of modeling the impact of import diversification on the natural gas market of Ukraine, it is
worth noting that Ukraine is interested in participating in the Southern Gas Corridor project. The specific
format of such participation is a matter for detailed study and discussion at the level of experts of the
Ministries of Energy of our countries.
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For reference: The Southern Gas Corridor consists of three pipelines SCPX (South Caucasus
Pipeline Expansion), TANAP (Trans Anatolian Pipeline) and TAP (Trans Adriatic Pipeline) and is designed
to transport gas from the gas fields of Azerbaijan to European consumers. The first stage of the PGC project
envisages the transportation of 16 billion cubic m of natural gas to Europe from 2020 with the possibility of
increasing these volumes to 24 billion cubic m in 2023 and 31 billion cubic m in 2026. Currently, the
consortium «Shah Deniz» signed long-term agreements for the supply of natural gas to Turkey (6 billion
cubic m per year), Italy (9 billion cubic m per year) and Bulgaria (1 billion cubic m per year), Fig.1.
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Fig. 1. Trans-Anatolian gas pipeline

Given the above, it would be appropriate to use the existing potential of natural gas storage facilities
in Western Ukraine, which can provide storage of natural gas to be transported under the PGC project. This
option does not require additional investment in the installation of new gas storage facilities along the PGK
pipelines and will help ensure an uninterrupted supply of natural gas to consumers, especially during the
winter.

In the study, Ukraine’s dependence on natural gas imports is expressed by a dimensionless indicator
equal to the ratio of the total volume of natural gas imported by Ukraine to the total annual consumption of
natural gas in Ukraine:

X imports = (Y imports)/(Y consumption) 3)

where

X imports — a dimensionless indicator of dependence on natural gas imports;

Y imports — total annual imports of natural gas;

Y consumption — total natural gas consumption per year.

The dimension lessens of this indicator is ensured by the fact that the total volume imports of natural
gas per year and the total consumption of natural gas per year, which are used for its calculation, have the
same units of measurement. The greater the value of this indicator the greater the level of dependence on
natural gas imports.

One of the most important indicators of natural gas market diversification is the number and type of
entry points for natural gas imports (number and type of external sources of supply), which should be
diversified geographically or by natural gas supplier countries.

In this case, natural gas can be imported through LNG infrastructure, including FSRU platforms
(floating storage and regasification units), or through pipelines. Gas pipelines — interconnectors and gas hubs
can also be used for this purpose. The more entry points a state has, the less vulnerable it is to gas supply
disruptions.

The national project «LNG Terminal» provides for the construction of an LNG terminal for the
reception, storage and regasification of liquefied natural gas in the waters of the seaport «South»
Kominternovskyi district of Odesa region with a capacity of 10 billion cubic m/year.
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Fig. 2 point and input-output in Ukraine’s GTS

The ports are equipped with LNG infrastructure facilities may provide greater external stability of
the power system state than pipelines, because through them, the gas can be imported on short-term contracts
because of the spot LNG market, while by pipeline gas usually imported under long-term contracts from pre-
defined suppliers [9].

Diversification of energy sources and supply routes is one of the most important elements of ethical
security. It is considered that the supply of energy for import is safe if it is carried out from at least three
sources [4].

Conclusions. The analysis of alternative ways of natural gas transportation to Ukraine and their
diversification allowed to formulate the following conclusions:

1. In the process of determining the price of natural gas, the methods of its transportation play a very
important role. Recently, gas prices in Europe have approached the level that makes LNG competitive in
European gas markets. These facts are very interesting for Ukraine. It is determined that, despite the
advantages of gas pipeline transport, pipelines are impractical for long-distance sea transportation of gas.

2. Currently, for the purpose of long-distance sea/ocean transportation of gas using liquefaction
technologies LNG - tankers (gas carriers). The national project «LNG Ukraine» provides for the
construction of an LNG terminal for the supply, storage and regasification of liquefied natural gas in the
waters of the seaport «South» Kominternovskyi district of Odesa region. Analysis of the implementation
strategy of the national project «LNG Ukraine» and financial and economic indicators of the project led to
the conclusion that the implementation of the national project «LNG Ukraine — the creation of infrastructure
for liquefied gas to Ukraine» is cost-effective and feasible for Ukraine.

3. The technical and economic feasibility of the project «LNG — resource» (part of the national project
«LNG Ukraine» — to create an infrastructure for liquefied natural gas in Ukraine), features of the production
cycle and trade of LNG, factors of its competitiveness and business models of project financing national
project «LNG Ukraine — the creation of infrastructure for liquefied natural gas in Ukraine». Thus, the
analysis of international experience has shown that compliance with the principle of diversification of energy
sources and routes is recognized as a decisive factor in security of supply and ensuring the economic
independence of Ukraine. The results of the study allowed us to conclude that Ukraine needs to achieve a
certain level of diversification by working to increase the number of gas sources to the three minimum
necessary, for example, by transporting liquefied gas.
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PamazanoB BuaaauciaaB AwujapiiioBuy, acmipant. Harmionansnuii yHiBepcuteT «llonraBchka
nonitexnika iMeHi lOpis Konapartioka». MogenoBanHsi BIVIMBY AuBepcu@ikauii iMnopry Ha puHOK
NpUPOAHOro ra3y YkpaiHu. 3anponoHOBaHO IHCTPYMEHTapili KINIBKICHOrO OILIHIOBaHHS PIBHS
nuBepcudikailii IMIIOPTHHUX JHKEpeN Ta MapIIpyTiB MOCTaYaHHS MPUPOHOTO ra3y, 3AIMCHEHO OIIHKY PiBHS
nuBepcudikaiii Ta30BOro pHHKY YKpaiHHM, BH3HAYCHO TIPIOPHTETHI NUISAXW TIJBUIICHHS PpiBHS
nuBepcudikaiii puHKY OpUpPOIHOTro Trazy YKpaiHuM B KOHTEKCTI iHTerpauii 10 puHKY npupogHoro rasy €C.
Ha ocHOBI 3anpOIIOHOBAHOI0 KOHIIEHTYaIbHO-METOIUYHOIO ITiX0AY J0 OI[IHIOBAHHS PiBHS AMBEpCcUdIiKaIii
PHHKY MPUPOJHOTO Tazy YKpaiHH po3poOJIeHO MoJenb TuBepcHdikaiii pUHKY MPUPOJHOTO ra3zy Hamol
JeprKaBu.

Eneprernuna Oesneka — 11e cBo€yacHe, MOBHE 1 Oe3nepebiliHe 3a0e3MeUYeHHs] MaJUBOM Ta €HEPTi€lo
HEOOXIZHOT SKOCTI MarepialbHOTO0 BHPOOHMIITBA, HEBUPOOHWYOI cdepH, HACENeHHs, KOMYHaJbHO-
noOyTOBHX I iHIIMX CIIOKMBAdiB; 3amo0iraHHs WIKiAJMBOMY BIUIMBY Ha JOBKUUIAL;, TPaHCHOPTYBAaHHS,
MIEPETBOPECHHS 1 CIIOKMBAHHS MAJIMBHO-CHEPIEeTUYHHX PECYpCiB B YMOBaX Cy4aCHHUX PHHKOBHX BIJIHOCHH,
TEHJICHIII Ta MOKa3HUKIB CBITOBOI'O PUHKY €HEProHOCIIB. BiiacHy eHepreTuuny Oe3neky YKpaiHa po3riisiiae
y KOHTEKCTI mocuiieHHsi criBpoOitHuiTBa 3 €C y cdepi eHepretuku. BoHa mparse peanmizyBatu abo
PO3MIUPUTH TPOEKTH 3 AuBepcu(ikalii MmocrayaHHsS MPHUPOTHOTO Ta3y, 3MIIHUTH CBil CTaTyc HamiiHOL
TPaH3UTHOI KpaiHW, iHTErpyBaTHCcs B eHepreTnyHuil mpoctip €C. YV paMkax [ilecnpsMOBaHOI MONITHKH Ha
nuBepcu(dikaiio JHKepenl HaAXOKEHHS NPUPOTHOrO ra3dy YKpaiHa CIIBIOpPAaIIOE 3 €BPONEHCHKUMU
orepaTopaMyd CYMDKHHX Ta30TPAHCHOPTHHX CHCTEM MO0 MOXMJIMBOCTI MIANMMCAHHA MO BCIX TOYKaX
3’€HaHHS «YTOAW IPO B3aEMOJIIO», A TAaKOX IPAIIOE HaJ 3a0e3MeUYeHHSM i PO3MIMPEHHSIM TEXHIYHHX
MOJKJIMBOCTEH TPaHCIIOPTYBAHHS ra3y 3 TepUTOPii KpaiH €Bpomnu. 3Ha4HI HOTYKHOCTI Ta30CXOBHII B YKpaiHi
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B IIbOMY pa3i MOXXYTh BUKOPHCTOBYBATHUCS ISl CE30HHOTO apOiTpaky ITiH JUTs 3HKEHHS 3arajJbHOi BApTOCTI
IMIOPTHOTO Tazy.

Kniouosi cnosa: oniHoBaHHS, €(PEKTUBHICTP MEXaHI3My, PEBEpPCHE IIOCTAaYaHHS Ta3y, KOHTPAKT,
TPAHCHOPTYBAHHS MPUPOTHOTO ra3y, CHEPreTHYHA He3aJIeKHICTh, CKOHOMIKA.
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Vladyslav Ramazanov, PhD student in Economical Sciences. National University «Yuri Kondratyuk
Poltava Polytechnic». Modeling the Impact of Diversification of Imports on the Natural Gas Market of
Ukraine. The tools of quantitative assessment of the level of diversification of imported sources and routes
of natural gas supply are proposed, the level of diversification of the gas market of Ukraine is assessed,
priority ways to increase the level of diversification of the natural gas market of Ukraine in the context of
integration into the EU natural gas market are identified. Based on the proposed conceptual and
methodological approach to assessing the level of diversification of the natural gas market of Ukraine, a
model of diversification of the natural gas market of our country has been developed.

Energy security is a timely, complete and uninterrupted supply of fuel and energy of the required
quality of material production, non-productive sphere, population, utilities and other consumers; prevention
of harmful effects on the environment; transportation, transformation and consumption of fuel and energy
resources in the conditions of modern market relations, tendencies and indicators of the world energy market.
Ukraine considers own energy security in the context of enhanced cooperation with the EU in the energy
sector. Ukraine seeks to implement or expand projects to diversify natural gas supplies, strengthen its status
as a reliable transit country, and integrate into the EU's energy space. As part of a targeted policy to diversify
natural gas sources, Ukraine cooperates with European operators of related gas transmission systems on the
possibility of signing a «cooperation agreement» at all connection points, as well as providing and expanding
technical capabilities for gas transportation from Europe. Significant capacity of gas storage facilities in
Ukraine in this case can be used for seasonal price arbitrage to reduce the total cost of imported gas.

Key words: evaluation, mechanism efficiency, reverse gas supply, contract, natural gas transportation,
energy independence, economy.
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