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FEATURES AND DEVELOPMENT PROSPECTS OF THE
ODESSA REGION IN THE ENERGY SYSTEM OF UKRAINE

1. Kosnos, B. Kosanvuyx, M. I'onogin, C. Bicmax. Oco0JUBOCTI Ta NepcleKTHBH PO3BUTKY OechKkoro perioHy B eHeprocucremi
Yxkpainn. Y cydacHOMy CBITi €HEpreTHKa € OCHOBOIO PO3BUTKY 0a30BHX Traly3el, IO BH3HAYa€ IPOrpec IPOMaACHKOTO BUPOOHHIITBA.
3pocTraroua notpeda y BUKOPUCTAHHI €IEKTPOCHEPTil CTaBUTh MPOOJIEMH y HOLIYKY Jukepen ii reHeparii. OCHOBHON mpo0ieMoro BUOOpY
JDKepe BUPOOHMITBA EIEKTPOCHEpPrii € BIUIMB €HEeprii Ha HABKOJMIIHE cepefoBuine. barato KpaiH 30CepemKyroTh CBOK CTpAaTerito
PO3BHTKY €HEpreTHKH Ha BiJHOBMIOBaHHX kepenax eHeprii (BIE) (comsuwi, BiTpoBi, 6io Ta immi). OgnHak depe3 cBoro crmenudiky BIE He
MOXYTbh 3a0e3IeunTH BUPOOICHH HEOOXiqHOro 00csry enexrpoeHeprii. KirodoBa mpo0iema BiJJHOBIIFOBAHHX JUKEPEI €HEPTil Mmolsrae y
3a0e3neueHHi Oe3nepeOiifHOro mocTayaHHs €Hepril KiHIEBHX CIOXKHBadiB. Y poOOTI MPOBEICHO MOPIBHSUIBHUI aHANi3 CTaHY ICHYHOYOI y
MiBJCHHOMY DErioHi YKpalHH CTPYKTYypH €HEepropecypciB Ta ix JOCTyMHOCTi. Po3risiHyTo mpoOnemy 3a0e3ledeHHsT SHEpreTH4HOI Ta
eKxoJIoriyHoi 6e3nekn OnechbKoro periony B yMoBax AediluTy TpaauLiifHUX eHepropecypciB. PO3MIIHYTO cydacHUH CTaH Ta IEPCIEKTHBU
BUKOPHCTAHHS BIJIHOBJIIOBAHUX JDKEpEN eHeprii. 3 BHKOPHCTaHHSIM METOAY EKCIIEPTHHX OLIHOK JUIi OOIPYHTYBaHHS BHOOpPY BHIY
MPUIAHATHOTO JPKepesa eHeprii Ta MiABUILEHHS BiTHOCHOI eHepro3ades3neueHoCcTi OKPeMHX TEPUTOpPiii 0OTPYHTOBAaHO BUKOPUCTaHHS aTOMHOL
CHEPreTUKH. PO3IIISIHYTO MEPCIIEKTHBU PO3MIICHHS HOBHX SHEpProOJoKiB 3 peakTopHOw yctaHoBkor AP1000 po3pobieHoro koMmaHieo
Westinghouse Electric Company na tepuropii konuuiaboro Oyaisensaoro Maiimananky Onecskoi ATEL] (M. Termmomap). HaBeneHo TexHiuHi
xapakTepucTHKH mpoekTy AP 1000. OTpumaHi pe3ynbTaTH MOXKYTh OyTH OCHOBOIO 00’ €KTHBHHX OL[IHOK IIOJO NEPCICKTHBU BUKOPUCTAHHS
aTOMHOI EHepPreTMKM JUIs MiJBUINCHHS eHepro3adesnedeHocTi OJeCBKOro perioHy. AKTyalbHICTH POOOTH 3YMOBIICHA BaXIIHBICTIO
MI>KHapOJHOTO CIIBPOOITHUITBA B ATOMHIil €HEPTeTulIli, U0 BITHOCUTHCS O CTPATETiYHO 3HAYMMUX, IHHOBALiHHO-€MHUX Taly3ed CydacHOl
CBITOBOI €KOHOMIKH B YMOBaxX Po3BHTKY OJeCHKOIO pErioHy.

Kniouosi cnosa: eHepropecypcH, eKOJIOTiYHICTh, €KCIIEPTHI OLIHKH, aTOMHA CHEpreTHKa, eHeprooesmneka, [Tapuspka yronga

I. Kozlov, V. Kovalchuk, M. Holovin, S. Vistiak. Features and development prospects of the Odessa region in the energy system
of Ukraine. In the modern world, energy is the basis of the development of basic industries, which determines the progress of public
production. The growing need to use electricity poses problems in finding sources of its generation. The main problem of choosing sources
of electricity production is the impact of energy on the environment. Many countries focus their energy development strategy on renewable
energy sources (RES) (solar, wind, bio and others). However, due to their specificity, renewable energy sources cannot ensure the production
of the required amount of electricity. The key problem of renewable energy sources is to ensure an uninterrupted supply of energy to end
users. In the work, a comparative analysis of the state of the structure of energy resources and their availability in the southern region of
Ukraine was carried out. The problem of ensuring energy and environmental security of the Odesa region in conditions of a shortage of
traditional energy resources is considered. The current state and prospects of the use of renewable energy sources are considered. Using the
method of expert evaluations to justify the choice of the type of acceptable energy source and increase the relative energy security of
individual territories, the use of nuclear energy is substantiated. The prospects of placing new power units with the AP1000 reactor unit
developed by the Westinghouse Electric Company on the territory of the former construction site of the Odesa Nuclear Thermal Power Plant
(Teplodar) were considered. The technical characteristics of the AP 1000 project are given. The obtained results can be the basis of objective
assessments regarding the prospects of using nuclear energy to increase the energy security of the Odesa region. The relevance of the work is
determined by the importance of international cooperation in atomic energy, which is a strategically significant, innovation-intensive branch
of the modern world economy in the conditions of development of the Odesa region.
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1. Introduction

The United Energy System of Ukraine (UES) is a set of power plants, electric and thermal net-
works operating in the general mode of production, transmission and distribution of electric and ther-
mal energy. In the UES of Ukraine, nuclear (NPP), thermal (TPP) and hydroelectric power plants
(HPP), combined heat and power plants (CHP), as well as power plants operating on alternative (re-
newable) sources of electricity (RES) (solar, wind, bio and others) operate in parallel. All of them are
connected by main electrical networks.

According to the Ministry of Energy [1], at the end of 2021, 156.5 billion kWh of electricity was
produced in the unified energy system of Ukraine. The shares of each component in the overall struc-
ture of electricity generation in Ukraine are:

— Nuclear power plants — more than 55%;

— TPP and CHP - 29.3%;
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— HPP and PSP - 6.7%.

The share of renewable energy (solar, wind, bio-stations) was more than 8%.

In terms of quantity, electricity production in Ukraine is carried out by: 4 nuclear power plants;
15 thermal power plants, 2 of which remained in uncontrolled territory; 43 combined heat and power
plants, 10 of which are located in uncontrolled territory; the basis of Ukraine’s hydropower is a cas-
cade of 6 large hydroelectric power stations on the Dnieper, as well as the Tashlytskaya pumped stor-
age plant on the South Bug River. A total of 8 HPPs and 3 PSPs are in operation.

In 2022, the total production of electricity in Ukraine decreased by 27.5% compared to 2021.
Electricity production at nuclear power plants fell by 28%, thermal power plants by 35%, heat and
power plants by 32%, and the generation of renewable energy sources decreased by 36% [2].

Due to the Russian invasion, temporary occupation and missile attacks, Ukraine lost about 10
GW of various generation capacities, 6 GW of which is the Zaporizhia NPP. In addition, to date, about
a quarter of the installed capacity of renewable energy sources is located in the occupied territories,
including 75% of wind power plants and up to 15% of solar energy facilities.

2. Analysis of literary sources and statement of the problem

Energy supply of the Odesa region. In the Odesa region (area 33.314 km?, population: 2.368
million people) until recently, the only domestic source of energy supply was the Odesa CHP, the first
phase of which was put into operation in 1950, and the second was completed in 1966, with a total
capacity of 68 MW. Since 2020, the Odesa CHP has been functioning only as a source of heat supply.

At the end of 2021, the power supply (electricity) of the Odesa region is provided by the generat-
ing capacities of the South-Ukrainian NPP and the Moldavian Region Power Station, which are locat-
ed outside the Odesa region and in the perspective of the next 15 years should be decommissioned due
to the exhaustion of the serviceability resource.

Moldavian Region Power Station, PJSC “Inter RAT” (Russia), with a total installed capacity of
2.520 MW (12 units), put into operation in 1964, located in the city of Dnistrovsk in Transnistria.

South-Ukrainian NPP of NAEK “Energoatom” (Ukraine), total installed capacity of 3.000 MW
(3 units of 1.000 MW each), put into operation: Unit | — 1982, Unit Il — 1985, Unit 11l — 1989, located
in the city of Yuzhnoukrainsk, Mykolaiv region [3].

Based on the demographic forecast, observed from climate trends and under modern consump-
tion standards, the capacity of regional consumers of the Odesa agglomeration, connected with the
energy supply of utilities, other non-industrial consumers and the population, should be increased to
240 MW by 2040, and the total consumption of the Odessa agglomeration will be ~2225 MW
(150 MW near-port production +152 MW ports with a cargo turnover of 300 million tons +238.5 MW
communal, non-industrial, population +1089 MW desalination +594 MW wastewater treatment
=2.5MW) [4, 5, 6].

The last two decades have enriched the Odesa region’s energy resources with the emergence of
internal sources. As of the beginning of 2019, renewable electricity with a total capacity of about 260
MW was operating in Odesa [7]. In general, the region produces more than 10% of Ukraine’s “alterna-
tive” electricity at 13 solar plants with a capacity of 1 to 40 MW, and about 100 MW of wind turbines.
By 2030, it is expected to double the capacity of electricity production based on renewable energy
sources. Under a favorable situation, up to 25% of needs will be provided. However, the problem of
capacity building remains relevant and requires certainty in the choice of energy resources.

3. The purpose of the presented work

To substantiate the choice of types of acceptable energy resources, which ensure an increase in
the relative energy supply of the territories of the regions, the method of expert assessments was ap-
plied [7]. Based on a quantitative comparative analysis of available energy resources and technologies
based on them, it is shown that the acceptability index and the environmental preservation index ex-
ceed 1 for nuclear, solar, wind and hydropower. This allows us to predict them as the most promising
for the region.

4. Prospects for the development of nuclear energy in the Odesa region

A promising source of electricity generation free from atmospheric emissions is nuclear energy
[8], which, according to the calculations of a group of experts on climate change [9], during the gener-
ation process has greenhouse gas emissions throughout the life cycle that do not exceed those typical
for renewable resources (Table 1).
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Table 1
Specific emissions of generations
Resource NPP Wind Hydro Solar 0as Therma(l:oal
Release, requiv CO,/(GW-year) 12 11 24 48 490 820

If we estimate the planetary scale, then the work of all nuclear power plants in the world saves
greenhouse gas emissions at the level of 2 billion tons of CO, equivalent per year, which is propor-
tional to the absorption capacity of the entire forest massif of the planet. In addition, nuclear genera-
tion is 6 times cheaper than “green” generation and 3 times cheaper than thermal generation.

Research by the Joint Research Center at the European Commission [10] shows that nuclear en-
ergy has the lowest specific material intensity compared to other low-carbon types of generation. For
example, the metal density for the production of 1 MWh of electricity at a nuclear power plant is 13
times less than that of wind generation. It is also important that a nuclear power plant requires a rela-
tively small area: for example, to install a wind farm with a capacity of 1 GW, 950 hectares of land are
needed, and for a nuclear power plant of similar capacity — 28 ha. At the same time, nuclear power
plants provide a stable base load of networks, which does not depend on weather conditions, 24 hours
a day, 7 days a week for at least 60 years. As of January 2021, there were 449 power reactors in the
world with a total capacity of about 393 GW [11], 50 reactors were under construction.

Thanks to the “carbon-free” status granted to nuclear energy by the Paris climate agreement of
2015 [12, 13], the predictable and low cost of electricity production at nuclear power plants, minimal
carbon emissions, the ever-increasing safety of nuclear plants, and the rise of energy consumption in
the development of regions of the planet that are developing by 2040, the global production of elec-
tricity at nuclear power plants will increase, according to estimates, by 28...62%.

Joining the trends of the spread of nuclear power plants around the globe, the Odesa region will
receive the most reliable basis in nuclear energy for ensuring energy security, social well-being and
economic development.

On August 31, 2021, the head of Energoatom and the president and chief executive officer of
Westinghouse Electric signed a memorandum of cooperation, which provides for the placement of
AP1000 reactors at Ukrainian nuclear power plants [14], including in the Odesa region on the territory
of the former construction site of the Odesa NTPP (Teplodar) [15]. AP1000 is an American double-
circuit water nuclear reactor (PWR) [16] with an electrical power unit of about 1.1 GW, developed by
the Westinghouse Electric Company. AP1000 became the first reactor for generation 111 +NPP power
units to receive a certificate from the US Nuclear Regulatory Commission (NRC) [16, 17] Table 2.

Table 2
Technical characteristics of the AR 1000 project

Installed electric capacity of the power unit, MW 1100
Nominal thermal power of the reactor, MW 3400
Project term of the NPP, years 60
The coefficient of use of the installed capacity, % More 93
Efficiency coefficient, net, % 32
Duration of the period between fuel overloads, months Up to 18
Probability of severe damage to the reactor zone, reactor/year 5.09 E-7
Probability of marginal emergency release, reactor/year 5.94 E-8
Horizontal acceleration at ground level during an earthquake is taken 0.5 g (corresponds to 9 and above
into account in the project points on the Richter scale)

The AP1000 reactor is the cheapest among other 3rd generation reactor designs. Service life:
60 years.

In AR 1000 generation Il1+ reactors, the level of safety has been significantly increased due to
the use of passive safety systems, which do not require active control elements or operator interven-
tion, but instead rely on gravity or the nature of convection to mitigate the impact of extreme
events [18].
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The design of the AR 1000 power unit has significantly increased seismic resistance, which ena-
bles its placement in the Odesa region.

In the AP1000 reactor, heat is dissipated by atmospheric air passing into the space between the
steel containment and the concrete shield building (annular space) and beyond the top of the shield
building. There are also tanks with a volume of about 1.500 m® of water, located on top of the concrete
shield. After LOCA, the water is carried by gravity to the outer surface of the steel containment and is
converted to steam, which is carried by the air circulating through the annulus. The system is com-
pletely passive as the safety systems are activated and operated by stored nitrogen pressure or gravity,
and there is no need for driven pumps, chillers or emergency diesel generators. The passive contain-
ment cooling system in the AP1000 [19] is a safety-related system that functions to reduce the temper-
ature and pressure in the containment after a loss of coolant accident (LOCA), main steam line burst
(MSLB) accident inside the containment or other events that cause a significant increase in pressure
and temperature in the containment. The function of the AP1000’s passive containment cooling sys-
tem (PCCS) is to prevent the containment from overheating and exceeding the design pressure, which
could cause the containment to breach and lose the final barrier to radioactive release. PCCS consists
of the following components [19]:

— air intake and exhaust paths built into the building structure with shield protection;

— air barrier located between the steel containment and the concrete panel building;

—a passively cooled containment water storage tank (PC CWST) built into the structure of the
shield protection building above the containment;

— water distribution system.

Safety systems provide heat removal from the active zone and cooling of the containment for 72
hours without the use of station and external power sources. The time of non-interference of the opera-
tor in the operation of automation is 30 minutes.

The energy supply of systems important for safety is carried out from accumulator batteries of
class 1 E, which eliminate the need for sources of reliable power supply at the NPP site (blackout con-
ditions).

The strategy of keeping the core melt inside the reactor body has been implemented.

Conclusions

With careful design and proven operation, nuclear power plants are a safe source of energy that
can provide large electrical capacities for consumption and significantly reduce the environmental
burden. Due to the practically zero level of emissions of greenhouse gases into the atmosphere, nuclear
power plants can significantly affect the ecological picture of the world, which is an extremely im-
portant task in the context of solving the problem of global climate change. The planned placement of
power units with AP1000 reactors can generate electricity for the entire Odesa region, as well as sup-
ply electricity and heat to the city of Chornomorsk and Teplodar itself.
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