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Abstract

This article is devoted to the development of measures using the method of
economic current density to choose the optimal section of power lines in order to
improve the quality of electricity in low-voltage electrical networks.
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AHHOTanI VA

B maHHOM cTaThe C WMCIIOIb30BAaHVEM METOIVKM SKOHOMWMYECKOV IUIOTHOCTU
TOKa OCYVeCTBJIsIeTCsS BBIOOp ONTMMAJIBHOIO CeUeHMs JIMHUI 3JIeKTpollepeadnt C
LIeJIbIO MOBBIIIeHVST KadecTBa 3JIEKTPO3SHePIUN B HU3KOBOJIBTHBIX 3JICKTPUYECKMX
CeTsIX.

KiroueBsbie cioBa

JIviHus; onITVIMasIbHOE cedeHme; pacxoabl; SKOHOMMYECKOVI INIOTHOCTY TOKa

The traditional method for economically rational selection of cross-sections of
power transmission lines is based on the indicators of economic current density.
The use of outdated economic indicators leads to a deterioration of the technical
and economic performance of the network. The initial conditions for selecting an
economically feasible cross-section of wires and cables are clear: as the cross-section
increases, the cost of power transmission lines rises, but electrical energy losses
decrease, and accordingly, the cost of lost energy is reduced.

In the current methodology for selecting the cross-sections of wires and cable
conductors based on economic current density, apart from general guidelines, there
are no clear recommendations for determining the calculated load. It is necessary to
consider development prospects for at least 5 years, as well as the annual growth
rate of electricity prices [2].
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The selection of conductor cross-sections should be carried out according to a
certain calculated current value, taking into account load changes over the
calculation period [2].

The calculated current is determined as:

Lyc=To-(1+q-t) (1)

where [p- nominal current, A; g - coefficient considering load growth
dynamics; t- calculation period, years.

The cost of electrical energy is determined as:

C=Co-(1+z-t) ()

where Cy- initial electricity price for the base calculation period, UZS/kWh; z -
coefficient reflecting the growth rate of electricity prices; t- calculation period,
years.

Capital costs for power transmission lines are modeled by a linear function
including two components .

K=AL+yFL=L-(A+yF) 3)

Where A - part of the capital costs accounting for installation of the
transmission line, million UZS; L - length of the transmission line, km; y - part of
capital costs proportional to the conductor cross-section, million UZS/(km mm?); F-
conductor cross-sectional area, mm? .

Discounted costs are determined as:

3-Colxuc>Tp-L
apsi(AL+yFL)+=—08e TP

(1+E)t

3=AL+yFL+ Z:’;t =—> MuH (4)

According to the criterion of minimum discounted costs, the analytical optimal
cross-sectional area can be obtained from expression (4). Solving the equation
ar® =0 makes it possible to derive an economically justified formula.

The main cross-section of the conductor is determined as [3]:
as L Z Qagen- VL YL ZTp 3-(Co-(1+2zt)-(Ip'(14+q-t))?-Tp-L (5)

t=to (1+E)t t=to F2.(1+E)t
Tp Tp
z3-(CO-(1+z-t)-(10-(1+q-t))2-T-p-L_ YL + agc, YL
F2-(1+E)t B (1+E)t
t=t0 t=t0

S0, 3 G Atz ) (o (L+q )2t p L (L+E)
T
Ztito(l + E)t ) (YL + aa6cn-yl‘)

Fek_

L3223 (Co (1420 Uy (L+q D) 7 p- (L+E)
L 'Zfito(l + E)t- (v + Qasen )
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(6)

\/3-p-zfi’t0 T-(Ig*(1+q-t)-(Co-(1+2t))2-(1+E)t
Y(+3F, ) dasen(1+E)E
where dasen - coefficient of capital costs for maintenance and repair of the line,
UZS/year; p - resistivity of the conductor material, Om MM2/ M;
- time of maximum losses; E - discount rate equal to the return on capital, %
When constructing the technical and economic model of economic current
density, the following assumptions are made:

1. Linear dependence of the construction cost of 1 km of line (Ko) on the
section.
2. Possible differences in linear active resistances.

The economic current density, A/mm? is determined by the following

expression:
. Ixuc
Jox = KKT/
T,
_ h _, YA+ X2, asen(1+ E)7E)
] k = = 0" =
7 R 3:p- 7 T (I (1+q-0) - (Co-A+z-t)- A +E)
T,
_ )/(1 + thto aaﬁcn(l + E)_t)
3:p- 2, T (1+q-02(Co- (L+z-t)- (1+E)
Table 1

Dynamics of electricity consumption growth in the region

Year Electricity Consumption (%)
2021 100

2022 101.17

2023 103.56

2024 104.32

2025 106.15
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Figure 1. Dynamics of electricity consumption growth in the region.

Analysis of the obtained results allows us to draw the following conclusions:
in order to use traditional methods for selecting economically optimal cross-
sections of wires and cables based on economic current density, it is necessary to
recalculate economic current density tables for different variants of initial data.
However, many technical and economic parameters influencing the economically
justified value of conductor cross-sections remain uncertain, including constant
changes in the cost of cable and wire products and the construction of power
transmission lines.

The increasing trend in electricity prices, as well as the cost of cable and
overhead transmission lines, justifies the use of larger cross-sectional areas for more
efficient energy utilization, which in turn reduces the value of economic current
density. Taking into account the actual value of economic current density in the
design of cable and overhead transmission lines increases the validity of
engineering decisions.
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