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mission system vari-ants. It was shown that, in terms of technical performance indicators, the overhead and cable
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line option by calculating the cost component of the integral effect of total discounted costs. The results of this
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of selecting the line type, a SWOT analysis was conducted, which demonstrated that the project incorporating a
cable line is more attractive than the project based on an overhead line. The proposed com-prehensive analysis of
the techno-economic characteristics of overhead and cable lines enables a well-grounded decision to be made
regarding the selection of the appropriate facility to enhance the reliability of an electric power transmission sys-
tem with a photovoltaic power plant, provided that the technical parame-ters of the electrical grid are equivalent.
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CMAHYIEI0 WAAXOM KOMIAEKCHO20 QHAAMI3Y MEeXHIKO-eKOHOMIY-
HUX Xapakmepucmuk KabesibHOi ma nosimpsaHOI niHili enekmpo-
nepedasaHHA. O6rpyHmMosaHo eubip Kaacy Hanpyau 00Cioxy-

BGHOI cUC-MeMU, WO MAE MOrosoRito PadianbHOI enekmpu4Hoi

Mepexi 3 HaABHOK hoMoeneKmpPUYHOK CMAHYie0 Ha npulima-
AbHIl nidcmanuii. BionosidHo 0o 0bpaHo20 Kaacy Harnpyau eu-

3HA4YeHO CMpPYMOnpPOo8IOHyY Yac-muHy nosimpaHoi ma KabesbHoi

7iHill, BUKOHAHO NepesipKy repepisie nposodis i #cusa Kabeso 3a
ymosamu 00onycmumozo Cmpymoso20 Ha8aHMAM(eHHA. BusHa-
YeHo napamempu nosimpsAHoi i KabenbHoi AiHil ene-kmponepe-
0a8aHHA Ma 8 npo2pPamMHOMy Komrinekci PowerFactory 30ilic-
HeHO ropieHANbHUL aHAI3 MeXHO-102iuHO20 rpouecy nepedayi
enekmpu4Hoi eHepeii 8 padianvHili Mepexti, 30kpema 8ioxu-
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234 HaujoHaNbHWUM TeXHIYHWI yHiBepcuTeT
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fIeHHA Hanpyau 8 0box sapiaHmax cucmemu nepedadi. loka-

3GHO, W0 30 MEeXHIYHUMU MOKA3HUKAMU rnosimpaHa U KabesbHa AiHii € pisHOUiHHUMU. 3 027190y HA Uue nposedeHo
eKOHOMI4HUU aHani3 019 0brpyHMy8aHHA ONMUMGAAbHO-20 8aPIAHMA AiHIT WAAXOM PO3PAXYHKY 8UMPAMHOI
CK1000801 iHMe2panbHO20 ehekmy CyMapHUX OUCKO-HMOBAHUX 8UMPAM, 3d pe3ysabmamamu K020 8CMAHO8-
AeHo, W0 KabenbHa niHia € Ha 59,4% dopoxcvoro 3a nosimpsaHy. [na ymovyHeHHA douinbHocmi aubopy mury AiHii
8UKoHaHo SWOT-aHani3, 3a pe3yabma-mamu K020 NMPOEKM i3 KabesbHo niHieo suasuscs binbw npusabau-
BUM, HiXt MPOEKM i3 N0BIMPAHOIO niHi€r0. 3anpPornoHo8aHUl KOMAeKCHUU aHANI3 MeXHIKO-eKOHOMIYHUX XAPaK-
mepucmuk nosimpsaHoi ma KabesbHOI 7iHili 0038075€ npuliHAMU 06rpyHMoeaHe piweHHs wodo subopy
06’ekma 05 nidsuweHHa HadiliHocmi cucmemu nepedayi enekKMpPUYHoI eHepeii 3 homoenekmpu4yHoO CMaH-
Ui€r0 30 yMOBU PiIBHOUIH-HUX MEXHIYHUX napamempise enekmpu4dHoi Mepexi.

Knrouoei cnoea: 8i0HO808aHe Oxcepesio eHepeaii, enekmpuvyHa mepexca, KabenoHa niHis, HadiliHicme, no-eim-
PAHA AiHiA, cucmema nepedadyi enekmpu4vHoi eHepeii, MexHIKO-eKOHOMIYHI XapaKkmepucmukKu, gomoe-nekmpu-
YHO CMAHUiA.

List of Symbols and Abbreviations

RES — renewable energy sources TL — transmission line

HV — high voltage OL — overhead line

MV — medium voltage CL — cable line

LV — low voltage EG — electrical grid

EPS — electric power system PVPP — photovoltaic power plant

Introduction. The current development vector of Ukrainian
electric power systems (EPS) is focused on increasing the
share of renewable energy sources (RES), which leads to
the deployment of generating units with a nominal capacity
of less than 20 MW connected to the busbars of electrical
network substations. This approach is driven both by the
need to comply with the requirements of European Union
directives and by the necessity to compensate for the defi-
cit of available generation capacity that has arisen as a re-
sult of targeted attacks on energy infrastructure facilities
under martial law conditions [1].

e use of compact (geometrically optimized) equipment at
step-down substations.

Considering the above-mentioned development directions
of electric power systems (EPS), it should be noted that the
primary means of supplying consumers with electrical en-
ergy are overhead lines (OL) and cable lines (CL). The tech-
nologies used for the construction of OLs and CLs are based
on the same fundamental physical laws (Ohm’s law and
Kirchhoff’s laws), and both systems are technologically ma-
ture. However, this does not imply that one of them is “bet-
ter” or “more technologically advanced” than the other.
The current level of development of equipment and tech-
nologies enables the purposeful application of both types
of lines.

According to [1], in the post-war period, the design and re-
construction of electric power transmission systems should
be carried out in the following main directions:

e consideration of renewable energy sources (RES) at

electrical network substations; At the same time, the technical feasibility of a particular so-
lution does not necessarily imply its expediency. The crite-
ria for selecting an overhead or cable line should not be de-
termined by subjective opinions of network operators,

policymakers, or experts, but rather by fundamental

e development of ring electrical networks combined with
deep 110 kV connections;

e preferential application of cable lines (CL) with cross-
linked polyethylene (XLPE) insulation;
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physical laws that define the key constraints. These factors
include [2, 3]:

Voltage and current. The higher the voltage of a transmis-
sion line, the greater the required safety clearance. If such
a clearance cannot be ensured (as in the case of cable
lines), appropriate insulation is required to guarantee the
safety of the line and the surrounding environment even at
minimal distances.

Grid operating mode. This is another important factor af-
fecting the feasibility of using overhead lines (OL) or cable
lines (CL). In the arc-suppression (compensated neutral) op-
erating mode, only a limited total length of cable can be in-
stalled; compliance with these length constraints (so-called
arc-suppression limits) is critically important for the safe
operation of transmission lines. In other operating modes
of electrical grids, this limitation does not apply; however,
additional interactions arise that must be taken into ac-
count when selecting the line type in an electric power
transmission system, especially in the presence of RES at
the substation.

Therefore, the selection of a particular line type in an elec-
tric power transmission system should be based on a com-
prehensive analysis of the techno-economic characteristics
of OL and cable lines CL to ensure a well-founded decision
regarding the choice of the facility, provided that the tech-
nical parameters of the electrical network are equivalent.

This issue has been addressed in numerous studies by both
Ukrainian and international researchers. In [4], the specific
aspects of ensuring operational reliability of electric power
systems with decentralized generation based on renewable
energy sources are identified. It is shown that an increase
in the share of RES in the generation mix requires consider-
ation of their static and dynamic characteristics, which sig-
nificantly affect the operating modes of electrical grids.
Consequently, this necessitates a comprehensive analysis
when selecting the design of the supplying transmission
line for a substation integrating RES.

Researchers [5, 6] compared the parameters of overhead
lines (OL) and cable lines (CL) with cross-linked polyeth-
ylene (XLPE) insulation. They showed that cable lines are
better protected against external factors and have a com-
pact design that reduces electromagnetic impact on the
surrounding environment and do not require the allocation
of large land areas. However, a comprehensive techno-eco-
nomic analysis was not provided.

Researchers [7-11] presented examples of pilot transmis-
sion line projects of various voltage classes employing XLPE
and gas-insulated (SFe) technologies, as well as overhead
air-insulated solutions. In particular, researchers in [7] ad-
dressed the selection of cable lines for different operating
conditions and reported successful implementations in for-
eign electrical grids. This experience may be valuable for
the post-war design and reconstruction of electric power
transmission systems in Ukraine, provided that it is appro-
priately adapted to domestic conditions.

In [8], researchers analyzed the environmental impact of
overhead lines (OL) and cable lines (CL). It was demon-
strated that cable lines have significantly fewer external im-
pact parameters and exert a much lower impact on the en-
vironment; however, the study does not provide a
comparison of the technical performance indicators of
transmission lines. In [9], researchers addressed the issue
of improving the efficiency of operating modes of overhead
lines in electrical networks, but the possibility of applying
cable lines was not considered.

In [10], the advantages and disadvantages of using sulfur
hexafluoride (SFe) as an insulating medium in electric
power systems are discussed. Gas-insulated transmission
lines (GILs) are considered. It was demonstrated that such
lines employ internal insulators, which limit the route bend-
ing radius and the permissible short-circuit currents. In ad-
dition, the high cost and maintenance complexity of GlLs
compared to overhead lines with similar transmission ca-
pacity were highlighted.

In [11], scientific developments of high-voltage compact
air-insulated lines installed in underground collectors are
presented. As opposed to transmission line projects of var-
ious voltage classes reported in [7-10], these solutions
have not yet been implemented in practice. Transmission
lines with uninsulated conductors installed in collectors are
extremely hazardous, as the installation of uninsulated cur-
rent-carrying parts in confined spaces may lead to short cir-
cuits, fires, electric shock, and, consequently, damage to
the entire electric power transmission system.

For safe installation in collectors and other confined spaces,
only insulated current-carrying parts may be applied [5-8,
10], since any accidental contact of an uninsulated conduc-
tor with collector walls, other structural elements, or per-
sonnel may result in a fault condition. An additional risk is
the lack of natural ventilation: in the event of a short circuit
or fire, this leads to the rapid accumulation of toxic gases
and makes safe evacuation impossible.

Thus, a systematic assessment of the selection of a trans-
mission line for an electric power transmission system with
a photovoltaic power plant, based on a comparison of OL
and CL under equivalent technical parameters of the elec-
trical network, constitutes a relevant scientific and practical
task.

Purpose of the Article. The purpose of this article is to in-
vestigate the reliability of an electric power transmission
system with a photovoltaic power plant through a compre-
hensive analysis of the techno-economic characteristics of
overhead and cable transmission lines, in order to make a
well-founded decision regarding the selection of the appro-
priate facility under equivalent technical parameters of the
electrical grid.

Research Materials and Methods
Input Data of the Electric Power Transmission System

The electric power transmission system with a photovoltaic
power plant is located in the Eastern region of Ukraine and
has a radial electrical grid topology, which is shown in Fig. 1.
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Fig. 1. Diagram of a radial electrical grid

The power supply center of the electrical grid (Fig. 1) is sub-
station SS1 with a voltage level of 330/110 kV.

The length of the supplying TL is L=34 km.

At SS2 (Fig. 1), a photovoltaic power plant is installed and
connected to a common switchgear together with the load,
which is supplied through a power transformer.

The load of the power transformer at SS2 (Fig. 1) under the
maximum load condition of the electrical grid is as follows:
on the low-voltage (LV) side, S.v=20 MVA with a power fac-
tor cospwv=0.93; on the medium-voltage (MV) side,
Smv=15.5 MVA with a power factor cos¢mv=0.89.

The short-circuit current is Isc=35 kA. The relay protection
at SS2 clears the short-circuit current within t=0.3 s.

Load Calculations of SS 2

Considering the current state of the electrical grid, it can be
stated that the integration of renewable energy sources
(RES) has the greatest impact on the operational perfor-
mance of power transformers compared to its impact on
transmission lines. However, for the development of sub-
station reconstruction projects with integrated photovol-
taic power plants, in accordance with [1], it is critically im-
portant to take into account the operating mode of the
supplying transmission line and the magnitude of power
delivered to the power transformer from the electric power
system.

For this purpose, during the analysis of the technological
process of electric power transmission supplied from the
electric power system, it is necessary to separately consider
the active (P) and reactive (Q) power components on all
voltage sides of the power transformer under the maxi-
mum load condition of the electrical grid. These quantities
are calculated according to the following relations [12, 13]:

Py =S -cosey Qv =Sy - Singuy; (1)

Pyy = Syy - cos @y Quv = Suc * Sin @uyy; (2)

Suy = Swv + Suv; Puv = Prv + Puy;Quv = Qv + Quy (3)
where Siv, Smv, cos@Ly, cos@my are taken from the input data

From calculations (1) — (3), the power was determined as
follows:

- on LV side of the power transformer —

Sw = (17,8 +j9,12) MVA;

- on MV side of the power transformer—

Swmv = (14,42 +j5,69) MVA;

- on HV side of the power transformer—
Swv = (32,22 +j14,81) MVA.

Justification of the Rated Voltage of the Analyzed Electric
Power Transmission System

Since the electric power transmission system has a radial
electrical grid topology (Fig. 1), an active power of
Pnv=32.22 MW flows through the transmission line.

The justification of the nominal voltage of the electrical grid
is performed using a formula that provides satisfactory re-
sults over the entire range of nominal alternating-current
voltage levels from 35 to 1150 kV [12, 13]:

Unom = 1000/,/(500/L + 2500/P,), (4)

where L — length of the line, km; PL = Puv — power transmit-
ted through the line, MW.

The results of the calculations for the justification of the
rated voltage of the electrical grid according to (4) yield
U=104.17 kV. This indicates that electric power transmis-
sion is carried out at a nominal voltage level of 110 kV. The
determination of the nominal voltage class is necessary for
selecting the current-carrying component of the transmis-
sion line.

Selection of the Current-Carrying for a 110 kV Transmis-
sion Line

The selection of the current-carrying component of the 110
kV transmission line “SS1-SS2” is carried out in accordance
with the Electrical Installation Regulations (PUE) [14] and
SOU-N MEV 40.1-37471933-49:2011 [15].

According to [14] and [15], the current-carrying compo-
nents of the transmission line are recommended to be im-
plemented as follows:

— for the OL 110 kV: using an ACSR 2(240/32) mm? con-
ductor;

— for the CL 110 kV: using an APvEgP-110 1x240 mm? ca-
ble laid in a trench.

The short-circuit current through the cable screen (Iscr) for
this cable type, assuming a short-circuit duration of t=1s, is
determined by the following expression [15]:

= lser Vt. (5)

According to the input data and Eq. (5), the screen short-
circuit current is Iscr=19.2 kA. For this short-circuit current,
a copper screen with a cross-sectional area of 95 mm? is
required [15]. Thus, the current-carrying component of the
110 kV cable line should be implemented using an APvEgP-
110 1x240/95 cable.

ISCT‘

Verification of the Current-Carrying Component of the 110
kV Transmission Line

110 kV Overhead Line. According to [12], the verification of
the current-carrying component of the 110 kV overhead
line is performed based on the permissible continuous cur-
rent-carrying capacity using the following expression:
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Icalc.TL <

I

perms

(6)

where /e 1L is the calculated current flowing through the
overhead line under the maximum operating condition; /-
erm is the permissible continuous current-carrying capacity
of the conductors for the temperature range from +25oC to
700C.

The calculated current (/caic i) for verifying the conductors
of the 110 kV TL is determined by the following expression
[13, 14]:

Leaiert = SHV(max)/(\/g' Unom), (7)

where Spy(msx)is the load on the HV side of the power
transformer located at SS 2 (Fig. 1).

Based on the results of calculation (7), the calculated cur-
rent I.4;.7.=186.5 A.

The permissible continuous current-carrying capacity (/perm)
for verifying the conductors of the 110 kV overhead line is
determined by the following expression:

(8)

where ke is the temperature correction factor for ambient
air temperature in the given region during the maximum
load period, determined in accordance with [14], and for
the Eastern region of Ukraine, it equals kq = 1,24.

Iperm = Lngx * ko,

For the conductors of the 110 kV overhead line with a cross-
sectional area of 240/32 mm?, the maximum current-carry-
ing capacity (/max) is Imax=605 A [12, 13]. Accordingly, the
permissible continuous current (/perm) is determined as fol-
lows:

Iperm = 605+ 1,24 = 750,2 A.

Thus, the ACSR 240/32 mm? conductor is capable of ensur-
ing the technological process of electric power transmis-
sion for the OL 110 kV n terms of permissible current-car-
rying capacity under heating conditions.

110 kV Cable Line. According to [15, 16], the verification of
the current-carrying component of the CL laid in a trench is
performed based on the permissible continuous current-
carrying capacity using the following expression:

(9)

where lcalc is the calculated current corresponding to the av-
erage half-hour maximum current, the highest value
among the average half-hour currents of a given grid ele-
ment; lperm is the permissible continuous current for the
corresponding cable conductor cross-section.

Icalc < Iperm'

The calculated current (lcaic c) for verifying the 110 kV cable
is determined by the following expression [15]:

LeaiccL = SHV(max)/(\/E *Unom),

where Syy 6 is the load on the HV side of the power trans-
former located at SS 2 (3).

(10)

According to the results of calculation (10), the /caicc:=186.5
A. The permissible continuous current (/perm) for the con-
ductor cross-section of the APvEgP-110 1x240/95 cable,

taking into account the correction factors (k;), is deter-
mined in accordance with the methodology described in
[15] using the following expression:

Iperm cL = Iperm table " Kz, (11)

where lpermzable - permissible continuous current for 110 kV
cables with cross-linked polyethylene (XLPE) insulation and a
nominal conductor cross-section of 240 mm? is 422 A [15].

It should also be taken into account that the permissible
continuous current of the cable line lpermcL must be adjusted
to account for cable laying and operating conditions using
correction factors [15, 16].

The values of the correction factors (kz) for the Eastern region
of Ukraine were determined in accordance with [14, 15].

The permissible current for the given conditions of cable in-
stallation in a trench was calculated using expression (11)
and, taking into account the correction factors [14, 15],
amounts to lpermcL = 383,0 A. This confirms the adequacy of
the 240 mm? conductor cross-section under the selected
installation conditions.

Thus, the XLPE-insulated cable of type APvEgP-110
1x240/95 is capable of ensuring the technological process
of electric power transmission for the CL 110 kV in terms of
permissible current-carrying capacity under heating condi-
tions.

Parameters of the 110 kV Transmission Line

110 kV Overhead Line. The calculation of the parameters of
the 110 kV overhead line is performed using the expres-
sions given in [13]:

Ry =7g"L; Xrp =% L; By, = by L; Qe = qo* L, (12)

where ro, Xo, bo, go — parameters per 1 km of line length with
an ACSR 240 mm? conductor [13].

The results of the calculations using expressions (12) are as
follows:
Rmi= 4,08 Ohm; X7 = 13,77 Ohm;

BoL =95, 54 10°° cm; Qch = 1,28 MVar.

110 kV Cable Line. The calculation of the parameters of the
110 kV cable line (Fig. 3) is performed using the expressions
given in [13]:

Rep =710 L; Xep = x0 - L; Be, = bo * L; Qe = qo (13)
where ro, Xo, bo are the specific parameters of the APvEgP-

110 1x240/95 cable [13]; go is the specific charging current,
defined as qo = by * UZ,y

The results of the calculations using expressions (13) are as
follows:
Rr=5,37 Ohm; X1.= 6,53 Ohm;

BoL=1611,6 10° cm; Qch = 19,5 MVar.

In addition, for the 110 kV cable line, dielectric losses (APq)
are calculated using the following expression:

APy = APy - Ly, (14)
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where APqgo - specific dielectric losses
APyo = go - U? (15)

where gois the specific active conductance of the 110 kV

cable line, S/km:
Jo = by - tan §, (16)

where tan § = 0,006 the dielectric loss tangent of the insu-
lation at phase voltage [15].

The dielectric losses in the 110 kV cable line calculated us-
ing expressions (14)—(16) are as follows:

AP, =0,1168 MBT.

The parameters of the overhead and cable lines are used in
the analysis of the technological process of electric power
transmission and voltage levels in the studied electrical grid.

Analysis of the Technological Process of Electric Power
Transmission

Since the repair of a damaged cable line takes more time
than that of an overhead line, the analysis of the

technological process of electric power transmission for the
cable line is performed for a single cable circuit.

The investigated electric power transmission system is im-
plemented with a radial electrical grid configuration (Fig. 1),
which, for the analysis of the technological process under
the maximum load condition of the electrical grid, is repre-
sented in Fig 2.

§551-sszb
— >

SS1

e
Sss1-552

— Sss2

(Rss1-ss2 + j Xssi-ss2)/ 2

Fig. 2. Electrical grid diagram for the analysis of the tech-
nological process

The analysis of the technological process of electric power
transmission under the maximum load condition of the
electrical network, based on expressions (1)—(3) and the
scheme shown in Fig. 2, was performed using the Power-
Factory software package and is presented in Fig 3.

F=32.7 pa227
Q=18 Q=189
=0 154 1=0.183
o .
= ==
- =
L
=%
]
L=
P=322
G=-18,8
=0,18%
LU=1137 R,
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P=144 F=14,4 P=17 B
Q=57 Q=57 Q=511
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Fig. 3. Graphical representation in PowerFactory of the electrical network maximum operating conditions for the over-
head line (right) and the cable line (left)
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According to Fig. 3, the power transmitted via the 110 kV
overhead line to the power transformer located at SS 2 is
as follows:

—on the high-voltage (HV) side of the power transformer
Shv =(32,22 +j18,7) MVA;

— on the medium-voltage (MV) side of the power trans-
former —

Swv = (14,4 + j5,7) MVA;

—on the low-voltage (LV) side of the power transformer
Sw=1(17,8+j9,1) MVA.

According to Fig. 3, the power transmitted via the 110 kV
cable line to the power transformer located at SS 2 is as fol-
lows:

— on the high-voltage (HV) side of the power transformer
Swv =(32,22 +j18,5) MVA;

— on the medium-voltage (MV) side of the power trans-
former

Swv = (14,4 + j5,7) MVA;
—on the low-voltage (LV) side of the power transformer
Sw=(17,8+j9,1) MVA.

Based on the results of the maximum operating condition
analysis of the electrical grid performed in PowerFactory
(Fig. 3), it follows that the technological performance indi-
cators of electric power transmission for the overhead and
cable lines are equivalent. The difference between the an-
alytical calculations (1)—(3) and the simulation results (Fig.
3) is less than 3%, which confirms the reliability of the ob-
tained data.

Analysis of Electric Power Quality Parameters

One of the main reliability indicators of an electric power
transmission system is the voltage deviation ((AU), which is
regulated in accordance with [17, 18]. Using the calculation
results (Fig. 3), the voltage drop is determined as a function
of the electric power transmission method using the follow-
ing expression [13]:

AUgs1_ss, =

(Pds1-ss2 * Rss1-ss2 + Qbs1-ss2 * Xss1-s52)/ Uss1, (17)

where P _ g5, +jQ%1_ss, - the power transmitted
through the TL (Fig. 3);Rss1-ss2 + jXs51-s52 — the parame-
ters of the OL (12) and the CL (13)

The percentage voltage deviation is calculated according to
the following expression [13]:

_ A_U i _ PR+QX .
AU, = () 100_< g ) 100.

b b

(18)

The results of the calculations using formulas (17)—(18) are
presented in Table 1.

As follows from Table 1, the voltage deviation under the
maximum operating condition of the electric power trans-
mission system for both transmission line options lies
within £5%, which confirms compliance with power quality
requirements [17, 18] and the equivalence of the analyzed
alternatives.

Table 1. Voltage parameters of the electric power trans-
mission system for overhead and cable lines

Parameters oL CL
Ussi, kV 115,5 115,5
Uss2, kV 112,21 113,7
A Ussiss2®, kV 3,4 1,8
AU, % 3,01 1,64

Economic Justification of the Electric Power Transmission
System

For problems that do not require the determination of over-
all evaluation efficiency, it is possible to calculate the cost
component of the integral effect of total discounted costs
(C). This indicator is recommended to be used as the main
criterion for tasks in which the construction of energy facili-
ties extends over more than one year and the operating pa-
rameters change throughout the calculation period [19, 20].

In the calculations, monetary symbols are treated as mon-
etary units (m.u.).

In static problems, the indicator (C) is determined by the
expression given in [20].

Ceonstrr = Co + CoL/E; Ceonstc = Ccr + Cer/E, (19)

where Ceonstti, Ceonstct the construction cost of the line,
which is determined based on aggregated cost indicators of
electrical grid elements; CoL, CcL annual costs, which are de-
termined without taking into account depreciation charges
for renovation, m.u; E is the real (net) discount rate, which
is adopted in accordance with the recommendations of the
Ministry of Economic Development and Trade of Ukraine,
as specified in the Letter on the preparation of state invest-
ment projects, and is equal to 12% [21].

Based on the above, Ko is calculated using the following
expression [20]:

Crp =KoLy, (20)

where Ko is the cost per 1 km of the 110 kV transmission line,
determined in accordance with [15, 17]; Lt is the line length.

The annual costs for operation and maintenance TL (BowmrL)
are calculated using the expressions given in [20]:

Comor = %omrr * Cor;  Comcr = %omrr * K, (21)

where agyr = 0,012 for 110 kV lines — the annual opera-
tion and maintenance and repair costs of transmission lines
expressed as a percentage of the fixed asset value of the
transmission line, m.u.

The results of the calculations using formulas (19) — (21) are
presented in Table 2.

Table 2. Economic indicators of the electric power trans-
mission system for power transmission via overhead and
cable lines

Indicators oL CL
Cr, m.u. 1394 000 2 346 000
ComTL, M.u. 16728 28 152
C, m.u. 1533400 2 580 600

32



BiaHoBAtoBaHa eHepreTvka. Ne 1/2026 | KomniekcHi npobaemu eHepreTUYHUX cMCTEM Ha ocHosi HBJE

Since, in [19], the construction cost values of 110 kV elec-
trical networks are given in U.S. dollars and were adopted
in the calculations as monetary units (r.u.) (Table 2), con-
version to the national currency is performed using the of-
ficial exchange rate of the National Bank of Ukraine (NBU)
at the time of the calculations. Using the coefficient
Kneu=42.02 UAH per 1 m.u. as of July 2025, the cost compo-
nent of the integral effect of total discounted costs (19),
without taking inflation into account, is as follows:

for OL 64 433 468 UAH;
for CL 108 436 812 UAH.

As follows from the calculations, the cost component of the
integral effect of total discounted costs for the 110 kV cable
line is 59.4% higher compared to the corresponding value
for the 110 kV overhead line.

The obtained results of the calculations of technical perfor-
mance indicators and the cost component of the integral
effect of total discounted costs for the overhead and cable
lines necessitate conducting a SWOT analysis of the project
in order to substantiate the selection of the most appropri-
ate transmission line option.

SWOT Analysis

Using the SWOT analysis components of a project pre-
sented in [22], a comparison of electric power transmission
systems with overhead and cable lines was performed.

Project 1. Electric Power Transmission System with a
110 kV Overhead Line

Strengths

1. Maximum separation from populated areas;

2. Low project implementation cost.
Weaknesses

1. Alarge number of crossings with road infrastructure;

2. Complexity of crossing railway lines;

3. The need to coordinate land acquisition and right-of-
way along the line route with landowners.
Opportunities

1. Accelerated project implementation.

Threats

1. Alow level of operational safety during line operation;

2. Issues related to adverse weather conditions;

3. Problems associated with force majeure events caused

by third parties.

Project 2. Electric Power Transmission System with a
110 kV Cable Line

Strengths

1. Minimal impact on the environment;

2. Significant improvement in safety;

3. Ensured uninterrupted operation of critically important
infrastructure even under adverse weather conditions;

4. Low maintenance costs during the operational period
and, consequently, a long-term economic advantage.
Weaknesses

1. Alarge volume of approvals required from various or-

ganizations;

2. High capital cost (59.4% higher compared to the over-
head line).
Opportunities

1. Comprehensive resolution of technical, operational,
environmental, land-use, and social issues.
Threats

1. Therisk of extending the project implementation time-

line by 1-1.5 years.
Conclusion of the SWOT Analysis

As follows from the above, based on the conducted SWOT
analysis, Project 2 is more attractive, whereas Project 1 is
less attractive.

Conclusions

A study of the reliability of an electric power transmission
system with a photovoltaic power plant was carried out
through a comprehensive analysis of the techno-economic
characteristics of overhead and cable transmission lines.
This approach enables a well-founded decision to be made
regarding the selection of the appropriate facility under
conditions of equivalent technical parameters of the elec-
trical grid.

Based on the research results, it was established that: the
overhead and cable lines have the same current-carrying
conductor cross-section of 240 mm?; the overhead and ca-
ble lines are characterized by equivalent technical perfor-
mance indicators; the cable line is 59.4% more expensive
than the overhead line; according to the conducted SWOT
analysis, the project employing a cable line is more attrac-
tive compared to the project based on an overhead line.

Thus, in order to enhance the reliability of an electric power
transmission system with a photovoltaic power plant, un-
der conditions of equivalent technical parameters of the
electrical network and taking into account the combined in-
dicators of the comprehensive techno-economic analysis,
the application of a cable line is more reasonable than the
use of an overhead line.
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