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Abstract. The work objective is to determine the optimal topology and strategic development directions
for interstate and power system transport networks capable of ensuring electricity supply diversification,
increasing the country's energy security, and successfully integrating it into the European electricity
market. This goal is achieved through the following tasks: developing promising scenarios and creating
corresponding computational models, using these models to calculate normal and enhanced modes, and
analyzing operational parameters to assess the technical efficiency of the proposed options. A
comparative analysis was carried out by modeling several alternative development scenarios, including
the modernization of existing ones, as well as the construction of new 330 and 400 kV transmission
lines, followed by an assessment of the technical efficiency of the proposed solutions. The most
important result is the identification of promising scenarios for the Moldova energy system
development, which, under current conditions, can ensure not only the fulfillment of ENTSO - E
(European Network of Transmission System Operators for Electricity), but also minimize electricity
losses and increase the safety factors for static stability. The options considered can lead to a reduced
probability of system failures, greater flexibility in changing the power balance, and, consequently,
increased reliability of energy supply. The significance of the obtained results lies in their potential to
provide a basis for optimizing decision-making regarding the long-term development of Moldova's
energy sector. The study's findings can also be used for capital investment planning and the development
of long-term development programs in the energy sector, enabling the national energy system to function
effectively within the European energy interconnection, promoting sustainable development and
increasing energy independence.
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Optiuni avantajoase de dezvoltare a retelelor de sistem ale sistemului electroenergetic al Republicii
Moldova in contextul functionarii paralele cu ENTSO-E
Zaitev D., Golub I., Tirsu M., Calosin D., Fortuna X.
Universitatea Tehnica a Moldovei, Institutul de Inginerie Energetica,
Chisiniu, Republica Moldova
Rezumat. Obiectivul studiului este de a determina topologia optima si directiile strategice de dezvoltare pentru
retelele interstatale si celor de sistem capabile sa asigure diversificarea aprovizionarii cu energie electricd, cresterea
securitatii energetice a tarii si integrarea cu succes pe piata europeana de energie electrica. Acest obiectiv este atins
prin rezolvarea urmatoarelor probleme: dezvoltarea de scenarii promitatoare si crearea de modele computationale
corespunzitoare, efectuarea de calcule pentru regimurile normale si severe pe baza acestor modele si analiza
parametrilor de performanta pentru a evalua eficienta tehnica a optiunilor propuse. Studiul a inclus un program de
experimente computationale, determinarea caracteristicilor de performantd ale optiunilor de dezvoltare a retelei si
evaluarea rezervelor de stabilitate statica. O analizd comparativa a fost efectuatd prin modelarea mai multor
scenarii alternative de dezvoltare, inclusiv modernizarea liniilor electrice existente si construirea unora noi cu
tensiuni de 330 i 400 kV, urmata de o evaluare a eficacitatii tehnice a solutiilor propuse. Cel mai important rezultat
este identificarea unor scenarii promititoare de dezvoltare pentru Sistemul Energetic Republican care, in conditiile
actuale, pot nu numai sé asigure respectarea cerintelor tehnice ENTSO-E (Reteaua Europeana a Operatorilor de
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Sistem de Transport pentru Energie Electricd), dar si sa minimizeze pierderile de energie si sd creasca factorii de
siguranta la stabilitate statica. Optiunile luate in considerare pot duce la o probabilitate redusé de defectiuni ale
sistemului, la o flexibilitate mai mare in modificarea bilantului energetic si, in consecinta, la o fiabilitate sporita a
alimentarii cu energie. Semnificatia rezultatelor obtinute constd in potentialul lor de a oferi o bazd pentru
optimizarea luarii deciziilor privind dezvoltarea pe termen lung a sectorului energetic al Republicii Moldova.
Rezultatele studiului pot fi utilizate si pentru planificarea investitiilor de capital si dezvoltarea de programe de
dezvoltare pe termen lung in sectorul energetic, permitand astfel Sistemului Energetic Republican sa functioneze
eficient in cadrul sistemului energetic european, promovand dezvoltarea durabild si crescand independenta
energetica.

Cuvinte-cheie: linie de transport a energiei electrice, conexiuni intersistemice, schimb de energie, mod normal,
stabilitate statica, pierderi de putere.

IlepcriekTHBHBIC BADHAHTHI PA3BUTHSA CHCTEMO00pa3yIOIIUX ceTell JHeprocucrembl Pecmy6amkn
Moanosa npu napamieabHoi padore ¢ ENTSO-E
3aiines /1., I'oany6o U., Teipmy M., Kasomun /1., ®optyna K.
Texuuueckuilt YHuBepcuteT MonoBsl, IHCTUTYT DHEpreTUKH,
Kummunes, Pecrry0nnka Momnnosa
Annomayus. llens paboOTHl 3aKIIOYaeTCsl B ONpENENCHHH ONTUMAJIbHOW TOMOJOTMH M CTPaTeTHYECKHX
HaNpaBJICHUH pa3BUTHSA MEXIOCYJAPCTBEHHBIX M CHCTEMOOOpa3yIOIMX CETeH, CHOCOOHBIX 00ecrednTh
JIUBEPCUHKALNIO 3IEKTPOCHAOXKEHUsI, TOBBIIICHHE HSHEPreTHYEcKOi O€30IIaCHOCTH CTPaHbl M YCHEUTHYIO
MHTETPALNIO B €BPOINIEHCKUIT PBIHOK 3J1eKTpo3Heprun. [locTaBneHHas nenb JOCTUTaeTesl TOCPEACTBOM PEIICHHS
CJICYIONINX 3a/ad: ()OPMUPOBAHUEM NEPCIICKTHBHBIX CLEHAPHUEB M CO3JaHHEM COOTBETCTBYIOIIMX PAcUETHBIX
MoJieiel, TPOBEACHHEM Ha MX OCHOBE pPacdeTOB HOPMAJBHBIX M YTSDKEICHHBIX PEXHUMOB, a TaKKe aHAIN30M
PEKUMHBIX TApaMETPOB MO3BOJAONIUX OHEHUTh TEXHUYCCKYIO 3¢)¢)CKTI/IBHOCTL npeajiaracMbix BapuaHTOB.
B xoze uccrnenoBanusi ObUTa BBINOJHEHA MPOTrpaMMa PAaCUETHBIX SKCIEPHMEHTOB U OIPEAEICHBI PEXHUMHBIC
XapakTepUCTUKM BapUaHTOB pa3BUTHsS CeTeH, a TaKKe OICHEHBl 3amachl CTaTMYeCKOH YCTOHYMBOCTH.
CpaBHHTeHLHLIﬁ aHaJIN3 OCYIICCTBIIAJICA NMYyTEM MOACIMPOBAHUA HECKOJBLKHUX AaJIbTCPHATHBHBLIX CICHAPUCB
pa3BUTHA, BKIHOYAOIHUX MOJACPHU3AINNIO CYIIECCTBYIOIIHUX, a TaKiKE CTPOUTCILCTBO HOBBLIX JIMHUAM
anekTponepenaun Ha Hanpsbkenue 330 m 400xB, ¢ nocnepyromied oneHKOH TexHHYeCKOW 3()(EeKTHBHOCTH
npeaaraeMeix pemennii. Hanbonee BaKHBIM pe3yabTaToOM SBIAETCS ONPENEICHUE MEPCIEKTUBHBIX CIICHAPUEB
pasButust Pecry0nnkaHCKOI SHEProcuCTEMbI, KOTOPHIE B COBPEMEHHBIX YCIOBHAX MOTYT O0ECIEUUTh HE TOJIBKO
BhINOJIHEHHE TexHuueckux tpeboBannit ENTSO-E (European Network of Transmission System Operators For
Electricity), HO ¥ MHHUMH3AaLMIO IOTEPh O3JEKTPOIHEPIUH, a TAKKE MO3BOJAT YBEIUYUTh 3HAYCHUS
K03((UIMEHTOB 3amaca IO CTATHYECKOW YCTOWYMBOCTH. PaccMOTpeHHBIE BapHMaHTBI MOTYT HPHBECTH K
CHIDKEHHUIO BEPOSITHOCTH CHUCTEMHBIX aBapHuid, Ooiblled I'MOKOCTH IIpM M3MEHEHHWH OajaHca MOIIHOCTH H,
CJIeZI0BaTENIFHO, MIOBBIIICHUIO HaIS)KHOCTH SHEProcHa0XKeHN . 3HAYUMOCTb MTOJyYEHHBIX Pe3yJIbTaTOB COCTOHT B
TOM, YTO OHH MOTYT NPEACTABJIATE OCHOBY IJI ONTUMU3AINU NIPUHATHA peH_[eHI/If/'I B oOjlacTu MEPCHEKTUBHOTO
Pa3BUTHA SHEPTETUYCCKOT'O CEKTOpa MOH}IOBBI. PeSyHLTaTLl HCCIICIOBAHUA TAKXKE MOTYT OBITh MCIIOJIb30BaHbI
JUIA TUTAHUPOBAHMS KalHUTAJIOBIIOKEHHUH, pa3pabOTKH JOJTOCPOYHBIX HMPOTPAMM Pa3BUTHS B IHEPTETHUECKOU
cepe, 4YTO TO3BOJMUT pecrnyOnuKaHCKoi dHeprocucteMe 3(pdexkTuBHO (YHKIHMOHUPOBATH B COCTaBe
€BPOIEICKOT0 3HEProoObEANHEHNS, CIOCOOCTBYSI YCTOWYMBOMY Pa3BHTHIO W IIOBBIIICHUIO HEPTETHYECKOH
HE3aBUCHMOCTH.
Knwouegvle cnoea. nvHUA >SIEKTPONEPENadyH, MEKCHCTEMHasl CBsI3b, SHEProOOMEH, HOPMAIBHBIN pEXnM,
CTaTHYeCKasl yCTOMYMBOCTD, TOTEPU MOIITHOCTH.

INTRODUCTION o reduce the total installed capacity of power
The general desire to interconnect power systems  plants due to longitudinal and latitudinal effects;
stems from the significant advantages of large e more fully utilize energy resources through
systems over energy pools consisting of  optimal coverage of the load schedule;
individual power plants and consumers connected ¢ increase  the efficiency of electricity
to them. Power systems located in different  generation;
economic regions within the ENTSO-E are linked ¢ increase the unit capacity of units with better

by high-voltage intersystem transmission lines  technical and economic indicators.

[1-4]. Interconnecting power systems enablesthe o increase the reliability of power supply to
exchange of power and offers the following  ynsumers through redundancy:

advantages:
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e increase maneuverability in energy systems
and provide mutual assistance in case of accidents
and scheduled repairs;

relieve the load on main power transmission
lines and reduce electricity losses during
transmission;

e optimize the number of repair personnel.

The disadvantages of integrated systems include
more complex relay protection, automation, and
mode control.

The development of cross-border relations is
given great attention in the energy programs of
both Moldova and its immediate neighbors —
Romania and Ukraine [5-7].

Currently, much attention is being paid to issues
related to cross-border electricity trade and
increasing the reliability of integrated energy
systems [8-13]. The consolidation of energy
systems allows for the joint use of large volumes
of electricity produced from renewable sources,
i.e.,, it can reduce the impact of instability in
renewable energy sources through the import and
export of electricity between neighboring regions
[14-15].

ENTSO - E interconnections operate under rules
that help regulate operators and determine how
electricity is provided to consumers across the
EU. As electricity supplies across the EU become
increasingly interconnected, pan-European rules
enable efficient management of electricity flows.
These rules, known as network codes or
guidelines, are legally binding implementing
regulations of the European Commission. They
govern all cross-border transactions in the
electricity market and the operation of systems,
along with the Regulation on Network Access
Conditions  for  Cross-Border  Electricity
Exchanges [16-18]. Since the Republican Power
System is connected to ENTSO - E, future
developments of cross-border networks must take
into account the current regulations.

Energy security in the Republic of Moldova has
been one of the most pressing issues facing the
country for decades. The electricity supply system
has historically been highly dependent on a
limited number of external sources, leading to
structural problems in terms of reliability and
diversification of supplies. In recent years, this
challenge has become critical due to the
deteriorating geopolitical situation, necessitating
the immediate development and implementation
of promising scenarios for the development of
high-voltage interconnections.

Currently, the state of the Moldova energy system
can be characterized as follows:
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e Generating sources: the possible abandonment
of in-house generating sources will lead to a
significant reduction in the reliability of
electricity supply to consumers, a sharp increase
in active power losses in the networks, and the
need to resolve issues with the voltage regime.
Network infrastructure:  for  successful
integration into ENTSO-E and to meet internal
needs, it is necessary to determine the optimal
topology and strategic directions for the
development of interstate and system-forming
networks [19].

The military conflict in Ukraine has sharply
exacerbated all the challenges facing the
republic's energy system, transforming them from
strategic to operational:

e Threat to transit and supplies: Ongoing attacks
on Ukraine's energy infrastructure are destroying
a significant portion of its generating capacity,
impacting regional energy exchanges, and
jeopardizing the security of supply, including to
Moldova.

Regional Synchronization: The crisis and
military action have made synchronization with
ENTSO-E an urgent necessity. Energy
cooperation is an important factor in
strengthening the energy security of Ukraine and
Moldova within the pan-European energy space.
Investment climate: Proximity to a conflict-
affected area negatively impacts investment in the
energy sector, making it difficult to implement
long-term  modernization and construction
projects.

In the development of cross-border connections,
considerable attention is paid to issues of stability
analysis [20-24], as well as the reduction of
power losses [25—-35].

Thus, the task of determining the optimal
topology and strategic directions for the
development of interstate and system-forming
networks capable of ensuring the diversification
of electricity supply, increasing the country's
energy security, and successful integration into
the European electricity market is significant and
relevant.

CHARACTERISTICS OF THE CURRENT STATE
OF THE MOLDOVA ENERGY SYSTEM

Currently, the state of Moldova’s transport
networks is characterized by the following
features:
The low reliability of single-circuit transit
between the Straseni 330 kV substation and the
Balti 330 kV substation, as well as the
N.Dnestrovskaya 330 kV substation in the
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northern part of the republic, significantly
complicates the execution of various switching
operations during repairs, etc.;

not entirely satisfactory reliability of the
Vulcanesti 400 kV junction in the southern part of
the country;

impossibility of guaranteed flow exchange
between the Ukrainian and Moldovan power
systems in the sections of the Podolskaya 330 kV
substation — the Rybnitsa 330 kV substation;

The existing topology of the system network
does not allow for full access to the European
electricity market.

The geographical position of the republic, with
the increasing transit importance of its transport
networks, suggests the implementation of various
scenarios and solutions to the issues that arise in
this regard.

The main characteristics of the baseline mode are
given in Table 1.

Table 1
Main characteristics of the baseline mode.
Moldova |[Romania |Ukraine Another
network
Pgen y
MW 1127 1026 7 32418 78 183
Quen. 520 2305 12459 30476
Mvar
Pload )
MW 1151 9416 30502 77769
Quoad | 439 3449 | 10046 | 32501
,Mvar
\P, MW | 44.31 298 911 19 02
AQ 199 868 | 4126 | -3949
Mvar
xt, MW| - 69 552 1004 -14 88
Qext 155 -276 -1713 1834
Mvar

When modeling promising cross-border grid
development options, a database derived from an
analysis of forecasts for 2015-2025 was used as a
basis. The database contains information on the
power systems of Romania, Moldova, Ukraine,
and the Black Sea basin countries. All simulation
experiments were conducted using the maximum
winter conditions, which were adopted as the
baseline and used to construct experimental
simulation models.

The components of active power losses in the
baseline mode for Moldova as a whole, as well as
by voltage classes, are given in Table 2.
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Table 2
Components active losses power

Un AP 10ad=AP,| AP, | APy, | APig,

MW MW MW MW
Moldova 40.87 37.26 3.61 3.44
400kV 3.92 3.75 0.18 0.75
330kV 125 11.59 0.91 2.27
110kV 21.97 21.93 0.04 0.42

PROMISING OPTIONS FOR DEVELOPING CROSS-
BORDER CONNECTIONS WITH ENTSO - E
For comparative analysis, 7 scenarios for the
development of intersystem and system-forming
connections of the Moldovan energy system were

proposed:

1. Construction and commissioning of 400 kV
lines from Vulcanesti 400 kV substation to
Chisinau 330 kV substation and Balti 330 kV
substation to Suceava 400 kV substation.

2. Construction and commissioning of the 400
kV lines Vulcanesti 400 kV — Chisinau 330 kV
and Balti 330 kV — Suceava and the second circuit
of the 300 kV line Chisinau 330 kV — Straseni 330
kV — Balti 330 kV — N.Dnestrovskaya 330 kV.

3. Construction and commissioning of 400 kV
lines Vulcanesti substation - Chisinau substation
330 kV and Balti substation 330 kV - Suceava 400
kV, Straseni substation 330 kV - Gutinash.

4. Construction and commissioning of 400 kV
lines Vulcanesti substation - Chisinau substation
330 kV and Balti substation 330 kV - Suceava 400
kV. Disconnection of 330 kV lines Rybnitsa
substation 330 kV - Podolskaya substation 330
kV.

5. Construction and commissioning of 400 kV
lines from Vulcanesti 400 kV to Chisinau 330 kV
and Balti 330 kV to Suceava 400 kV, Straseni 330
kV to Gutinas 400 kV. Disconnection of 330 kV
lines from Rybnitsa 330 kV to Podolskaya 330
kV.

6. Construction and commissioning of 400 kV
lines Vulcanesti 400 kV — Chisinau 330 kV line
and Balti 330 kV line — Suceava 400 kV line. The
second circuit of the 300 kV line Chisinau 330 kV
— Straseni 330 kV line — Balti 330 kV line —
N.Dnestrovska 330 kV line. Two parallel 330 kV
lines Balti 330 kV — Rybnitsa 330 kV line.

6* Implementation of option #6 with the
shutdown of two 330 kV lines: Rybnitsa 330 kV
substation — Podolskaya 330 kV substation.

7. Construction and commissioning of 400 kV
lines Vulcanesti 400 kV substation — Chisinau
330 kV substation, Balti 330 kV substation —
Suceava substation, Straseni 330 kV substation —
Gutinash 400 kV substation. The second circuit of



PROBLEMELE ENERGETICII REGIONALE 1 ( 69) 2026

the 300 kV line Chisinau 330 kV substation -
Straseni 330 kV substation — Balti 330 kV —
N.Dnestrovskaya 330 kV substation. Two parallel
330 kV lines Balti 330 kV substation — Rybnitsa
330 kV substation.

7 * Implementation of option No. 7 with the
disconnection of two circuits of the 330 kV lines
Rybnitsa substation 330 kV - Podolskaya

to Shahtl to Dnestrovskaia HPP

to Dnestrovskaia HPP o Nemia
to Nellp visi
%/

‘* to'Porogi
\ \

\' / ﬁ@"f

to Stinca— -

-
----
-

Suceava

substation 330 kV, and the line Beltsy substation
330 kV — N. Dnestrovskaya substation 330 kV.
The power transmission lines included in the
above scenarios are shown as dotted lines in the
diagram Fig. 1.

to Podolsk

to lujno Ukrainskaia NPP
to Podolsk

10 Razdelinaia
to Usatovo

to Novo-Odesskaia

oldavskaia TPP

to Beleaevka

\ .
t0 Artiz to Starokazachie

Fig. 1. Scheme of development of cross-border connection with ENTSO - E.

The static stability of the power system was assessed
by analyzing the values of the safety factors for active
power and voltage in the modes under consideration
and compared with the minimum permissible standard

indicators K ;. and K . (see Table 3).
Table 3
Standard safety factors for static stability
Regime | KPmin KU min

Normal

>0.2

>0.15

Hard

>0.08

>0.10

The safety factor for static stability by voltage K, was
determined for the node with the lowest voltage in

normal mode using the formula:
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Uu-u
—_—K \where

kr
U - node voltage in the analyzed mode;
U, — the critical voltage at the same node.

The critical voltage at a load node corresponds to the
static stability limit of the electric motor load and is
usually determined based on actual data on its
permissible operating conditions. In the absence of this
information, the value U, at the load nodes was
assumed to be the greater of two values:
u,=07U_,, ,0rU,=075U where

U . — Nominal voltage of the electrical network;
U ___—voltage at the considered load node in normal

norm
mode.
To control compliance with the standard static stability
reserves for voltage, their permissible values in the
controlled nodes were established by calculations of
the power system modes.
The safety factor for static (aperiodic) stability for
active power in the cross-section K, was calculated
according to the expression:

P —(P+APR)

Ky

nom ! norm !

_ extr
i Pextr

P, — the maximum static aperiodic stability flow of

active power in the controlled section, MW,

P — active power flow in the controlled section in the

considered mode, MW;

AP, — amplitude of irregular oscillations of active

, Where

power in the controlled section, MW.

The amplitude magnitude of the active power irregular
oscillations in a controlled section, including a set of
elements of one or more electrical connections, the
simultaneous disconnection of which leads to the
power system separation into two isolated operating
parts, was calculated using the formula:

—P“ R where

AP, =K
Pu+Ps

B., B ,— total load power from each side of the

section under consideration, MW,
K — a coefficient characterizing the method of
regulating the active power flow in the controlled

section (\/W) .

The value of the coefficient K was taken to be equal
to: 1.5 - for operational regulation of the active power
flow in the controlled section; 0.75 - for automatic
regulation or limitation of the active power flow in the
controlled section.

To determine the static stability safety factors for the
Moldova power system, a cross-section was selected,
i.e, a set of cross-border connections whose
disconnection would lead to complete separation of the
power system from adjacent ones (see Fig. 2). The
safety factors were determined for limiting modes
obtained by weighting the initial normal ones using a
stepwise increase in load at network nodes by 100+ j
20 MVA.

Ukraine

o ©
o 3 2 — I
Il of £ ¥ s =
gl & = 8 g ¢
83 & 5 < S z
< - © ) o s
2l 8| £ g g 2

c =
= 2 = £ 5 5
i) a [e) z 73 z
x| z| 2| 2| z| :
8 S S S S S|
o™ - — - - -
_ | 4 - _ i
@] (o] o (e} (o] o]

OL330kV Rybnitsa-Podolskl

OL110kV Stinca-Costesti

a»
OL110kV Tutora-Ungheni
Romania | 5| 110Ky Husi-Cioara Moldova
OL400kV Isaccea-Vulcanesti

OL330kV Rybnitsa-Podolsk2
OL330kV Mold. HPP-Podolsk
OL330kV Mold. HPP-Novo-Odesskaya
OL330kV Mold. HPP-Usatovo
OL330kV Mold. HPP-Artsyz
OL110kV Vasilyevka-Kr.Okna
OL110kV Mold. HPP-Starokazachee
OL110kV Mold. HPP-Razdelinaia
OL110kV Mold. HPP-Belyaevka
OL110kV Vulcanesti-Bolgradl
OL110kV Vulcanesti-Bolgrad2
OL110kV Vulcanesti-Etalon

Ukraine

OL110kV Vulcanesti-Reni
OL110kV Etulia-Budzhak

Fig. 2. List of cross-border relations of the Republic of Moldova.
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COMPARATIVE ANALYSIS OF THE OBTAINED
RESULTS

The modeling results were analyzed using a
specific set of parameters: the level of active
power losses in the Moldova power system both
overall and by voltage level, the level of active
power imports in extreme conditions, and the
static stability factors for active power and
voltage. Comparisons were made both relative to

250 | MW

©
C”.
©
IN
ol

212.72

200

150

100

50

2 3 4

the Dbaseline and between the
development scenarios.

For clarity, the analyzed parameters are presented
in histograms. Thus, the active power loss levels
in the Moldova power system under normal and

extreme conditions are shown in Fig. 3.

proposed

® AP normal regime

® AP limit regime

5 6 6* *

Fig.3 . Active power losses in the power system.

Analyzing the information presented in Fig. 3, it
is evident that all options 1, 2, 3, 6, 6*, 7 provide
a reduction in normal mode in the range of 1.54 +
6.17 MW or 3.5 + 13.9% relative to the baseline,
respectively. It should be noted that in options 4,
5, 7*, losses in normal mode are higher than in the
baseline and vary in the range of 26.6 ~ 36.16
MW. In percentage terms, the increase in active
power losses will be in the range of 60.1 =+ 80% of
the baseline.

When comparing losses in limiting modes, an
opposite trend is observed, due to the higher
throughput capacity of the calculated sections
(Fig. 4) and the increase in the number of
introduced cross-border connections.
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The nature of the distribution of active power
losses in networks of different voltage classes in
normal modes is shown in Fig. 5.

Fig. 5 shows that all the considered options
provide a reduction in active power losses in 400
KV networks. Losses in 330 kV networks are
reduced for options 2, 6, 7, and 7* by a percentage
in the range of 10-32%, while for options 1, 3, 4,
5, and 6*, losses increase in the range of 1.2-34%.
The highest active power losses are localized in
the 110 kV network. This is especially noticeable
in scenarios 4, 5, and 7, with the loss of 330 kV
cross-border connections.

As the results of calculation experiments have
shown, the degree of 110 kV network losses is
quite significant.
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Fig.4. Capacity of cross-border lines.
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Fig.5. Losses in the power system in normal regime.

Histograms of the distribution of active power
losses in networks of different voltage classes in
the limiting static stability modes are shown in Fig.
6. It is evident that, compared to normal modes,
active power losses in all voltage classes increase
significantly due to the increase in the throughput
of the equivalent cross-section.

The maximum level of active power losses, as in
normal modes, is concentrated in the 110 kV
network.

Fig. 7 shows information on the static stability
safety factors for active power and voltage for
various cross-border grid development scenarios,
as well as information on the standard values
(shown as straight lines). The top line indicates

4
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400kV
M 330kV
m 110kV

5 6 6*

the standard value of the active power safety
factor, and the bottom line indicates the standard
value of the voltage safety factor.

Analyzing the diagram Fig. 7, the following
conclusions can be drawn:

e The static stability reserve factor for active
power for all considered options is higher than the
standard indicators;

o factor for static stability in voltage for the
options under consideration is around 25% with a
standard of 15% in all cases under consideration,
except for options 4.5.
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Fig.6 . Losses in the power system in limit regime.
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Fig.7 . Static stability safety factors .

Summarizing the obtained data, the following
provisions can be formulated:

For the first stage of the energy system
modernization, it is advisable to consider scenario
1. Itis the least capital- and resource-intensive and
allows for the unification of energy systems and
entry into a new market;

Scenario 6 is recommended to be considered
as the main vector for the development of the
energy system. It covers all areas of development,
including both integration with ENTSO - E and
strengthening of the energy system.

158

e Scenarios 4 and 5 lack sufficient reliability, as
disconnecting the Rybnitsa-Podolsk lines results
in a sharp reduction in the capacity of the external
cross-section and, consequently, in the safety
factors. Any emergency on these lines causes an
imbalance in the entire system.

e Options 6 and 7 make it possible to fully
compensate for possible outages of intersystem
high-voltage connections with Ukraine in the
northern part of the republic;

In Scenario 3, the transmission capacity, net of
losses, increased by only 20 MW. In Scenario 7,
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it increased by 150 MW due to the increased 330
KV transit through the Republic of Moldova.

e From a technical point of view, the capacity of
cross-border connections of the Republic of
Moldova can be increased by £400 MW.

CONCLUSIONS

As a result of this work, a comparative analysis of
the technical effectiveness of the proposed
options for developing cross-border connections
in the Moldova energy system was conducted.
Based on these results, conclusions were drawn
regarding the acceptability of using certain
options in the long-term development planning of
the republic's backbone electrical connections.
The completed research can be used to formulate
the key principles for the strategic development of
Moldova's high-voltage transmission grids. A
comparative analysis of alternative development
scenarios (including the modernization of existing
and the construction of new 330 and 400 kV
transmission lines) will identify those that
minimize losses, increase static stability reserves,
and, consequently, maximize power supply
reliability in the new regional reality. The results
obtained can serve as a basis for optimizing
decision-making in the strategic development of
Moldova's energy sector.
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