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ABSTRACT

In the current context of increasing loads on power grids and the 
urgent need for energy-saving solutions, the selection of conductor 
cross-sections for transmission lines is highly relevant. The article 
aims to investigate approaches to selecting the cross-section of 
power transmission lines, considering both technical and economic 
aspects; to assess the impact of this choice on energy losses, eco-
nomic efficiency and reliability of the network, taking into account 
modern trends in the design and reconstruction of power trans-
mission lines and the requirements of energy conservation and im-
proving the quality of power supply. The study analyzes methods 
for determining the optimal cross-section, particularly the economic 
current density method and the method of economic intervals. Com-
parative calculations of energy losses for different cross-sections 
are performed, along with an evaluation of each method’s efficiency 
both with and without discounting. The results confirm the appropri-
ateness of applying the economic interval method during the design 
process, especially in the context of network reconstruction. Conclu-
sions emphasize the influence of the selected method on operational 
costs and the overall energy efficiency of the system. This research 
provides a foundation for further development in the field of power 
transmission parameter optimization, considering modern require-
ments for reliability and sustainable energy development.

Key words

Сonductor cross-section, economic current density, electricity 
losses, energy efficiency, power grids, reconstruction, power supply, 
cost optimization.
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INTRODUCTION
Since the invention of electric energy, the 

following issues have been regularly addressed: 
methods and means of transmission, parame-
ters, and modes. The first power transmission 
of significant (at that time) power was carried 
out by the scientist Dolivo-Dobrovolsky in 
1891. It was a three-phase alternating current 
line (Laufen-Frankfurt am Main) 175 km long 
at 35 kV. The works of Dolivo-Dobrovolsky are 
one of the foundations of the creation of elec-
trical networks and alternating current sys-
tems on which modern electrification is built 
in all countries of the world. In developing 
power transmission lines, lines of increasing-
ly higher nominal voltages were subsequent-
ly mastered. Currently, monitoring and cable 
power transmission lines with voltages from 
0.38 to 1150 kV are being monitored. The total 
length of power transmission lines in Ukraine 
is about 1 million km, part of which has spent 
its useful life and requires serious reconstruc-
tion and replacement.

The unsatisfactory condition of electrical 
networks, especially distribution networks, is 
the cause of a noticeable increase in electri-
cal energy losses and a decrease in its quality, 
a reduction in the reliability of power supply 
and safety of operation of power transmission 
lines. Market conditions in the electric pow-
er industry require a guaranteed high-quali-
ty power supply to consumers. In this regard, 
in the coming years, a sharp increase in the 
volume of work on the replacement and re-
construction of all voltage processes should 
be expected, as well as changes in trends in 
power transmission. An essential part is solv-
ing the problem of choosing wire sections and 
residential computers, considering modern 
conditions. As experience shows, selecting 
cross-sections is the most noticeable; there-

fore, insufficient justification and even a slight 
inaccuracy can lead to significant, unjustified 
external costs (Alazazmeh & Asif, 2021; Argy-
roudis, Mitoulis, Chatzi et al., 2021; Dagtekin, 
Kaya & Besli, 2022; Dasović & Klanšek, 2022; 
Fei, Opoku, Agyekum, Oppon, et al., 2021; Fon-
seca, Commenge, Camargo, Falk & Gil, 2020).

LITERATURE REVIEW
The selection of the cross-section of the 

wires of the power transmission line in the 
devices is carried out by the principle of the 
device of electrical installations (Pravyla 
vlashtuvannia elektroustanovok, 2017) ; they 
prescribe the selection of wire cross-sections 
and cross-sections operating in the network 
with a voltage of up to 220 kV, exclusively ac-
cording to economic parameters by the norms 
of financial stability of the current. At the same 
time, in several publications and guidance 
documents (Costa, Silva, Faia, Gomes, Faria & 
Vale, 2024; Galychyn, Fath, Shah, Buonocore 
& Franzese, 2022; Haddad, Hammad, Castro, 
Vasco & Soares, 2021; Hovorov, Kindinova & 
Hovorov, 2021; Hovorov, Khvorost & Kindino-
va, 2023; Khoshnava, Rostami, Zin et al., 2019; 
Kupriyanov, Trishch, Dichev & Kupriianova, 
2022; Picot & Guillaume, 2024; Pravyla vlash-
tuvannia elektroustanovok, 2017; Qiu, Wang & 
Zhang, 2021; Seyrfar, Ataei, Movahedi & Der-
rible, 2020; Sharifhosseini, Niknam, Taabodi 
et al., 2024; Trishch, Cherniak, Zdenek & Pet-
raskevicius, 2024; Tripathi, Sindhwani, Anand 
& Dahiya, 2022; Um-E-Habiba, Ahmed, Alqa-
htani, Asif & Khalid, 2024; Utrilla & Górecki, 
2023; Zech, Plörer, Pfluger & Breu, 2024; Zhu, 
Zhang, Gong & Li, 2023), wire cross-sections 
are selected according to the permissible cur-
rents that result from heating the wires in 
normal modes. Such recommendations can-
not be recognized in reality because, in this 
case, the minimum possible, not the econom-
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ic cross-section, will be selected, and at the 
same time, there will be significant losses in 
productivity. In table. 1 (based on the author’s 
research) lead to a multiplicity of increase in 

power losses δΔР (i.e., lines in addition to the 
economically justified power on the overhead 
line with aluminum wires at jek=1A/mm² and 
Tib=5000 h.

Table 1. 	 Multiplicity of excess power losses
Source: Authors

Cross-sections, F, mm² 35 50 70 95 120
Idop., A 175 210 265 330 390

δΔР, (o.s.) 25.0 17.6 14.4 12.3 10.9

As is evident from Table 1, selecting wire 
cross-sections according to heating conditions 
in normal mode compared to economy leads 
to increased losses (11+25) times, which con-
tradicts modern energy-saving requirements. 
Normal mode is a long-term mode in which 
the criteria for reliability and quality of elec-
tricity are met at the highest economic rates. 
After the cross-section is selected according to 
economic conditions, it is necessary to check 
the technical heating conditions in normal 
mode and some post-war and repair modes.

The simplest method is the selection of 
cross-sections of economic current density.

		 (1)
Where F is the economic cross-section of 

the cable core, mm; Ip is the calculated current 
value, A; jek is the normalized value of the 
economic current density, A/mm².

The values ​​of economic current density 
are normalized depending on the conductor 
material and design and the number of hours 
of use of the maximum load given in the (Pra-
vyla vlashtuvannia elektroustanovok, 2017).

GOALS
The study analyzes approaches to choos-

ing the cross-section of power transmission 
lines, considering both technical and eco-
nomic aspects. The primary attention is paid 
to assessing the impact of this choice on en-
ergy losses, economic efficiency, and network 

operation reliability. An important aspect is 
to consider modern trends in the design and 
reconstruction of power transmission lines 
based on energy-saving requirements and im-
proving the quality of power supply.

METHODOLOGY
The research methodology includes a the-

oretical analysis of scientific publications, 
regulatory documents, and modern standards 
that determine the optimal parameters of 
power transmission lines. Mathematical mod-
eling allows you to estimate economic costs 
and energy losses depending on the selected 
cross-section and compare the effectiveness 
of different methods for its determination. Ex-
perimental research is based on analyzing ac-
tual operating indicators of existing networks, 
which allows you to check the correctness of 
the calculation models. In addition, compar-
ative analysis helps to assess the advantages 
and disadvantages of different approaches, 
which, in the future, will allow you to for-
mulate recommendations for optimizing the 
selection of parameters of power transmis-
sion lines.

RESULTS AND DISCUSSION
Despite its extreme simplicity, the method 

of selecting wire cross-sections and calculat-
ing the economic current density has several 
serious drawbacks:
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	▷ The standards given in (Pravyla vlashtu-
vannia elektroustanovok, 2017)  were es-
tablished back in the 1950s and have not 
undergone any changes. By now, the cost 
ratios (electrical equipment, electricity 
costs) have changed;

The scale of standard cross-sections is re-
sponsible. When considering cross-sections, 
the costs were regarded as a continuous func-
tion of the wire cross-section, and this requires 
that the found cross-sections be rounded to 
standard cross-sections, i.e., the method does 
not give unambiguous solutions;

	▷ A linear dependence of the cost of 
building a line of one kilometer on the 
cross-section is provided. It is inconve-
nient to do this, especially when using 
unified supports;

The essence of the economic interval 
method is to analyze the change in costs for a 
series cross-section Fi depending on the cur-
rent I and is based on the following assump-
tions (Dagtekin, Kaya & Besli, 2022; Dasović & 
Klanšek, 2022; Fei, Opoku, Agyekum, Oppon, 
et al., 2021; Fonseca, Commenge, Camargo, 
Falk & Gil, 2020):

	▷ The power transmission line is construct-
ed in the first year of the settlement peri-
od (Tc = 1 year), and the one-time capital 
investment is Kot = Ko, after which its 
regular operation begins, for some time 
T until the end of the settlement period  
(Te = Tp - Tc);

	▷ annual deductions from capital invest-
ments for maintenance of the AOBSL, 
repair, and renovation of arenas, as well 
as the price of electricity С0 during the 
calculation period remains constant  
AOBSL = const, arena = const, C0 = const;

	▷ Part of the load schedule along the line 
during the calculation period remains the 
same (Tnb = const);

	▷ losses from interruptions in the power 
supply of consumers and the quality of 
electricity are not considered in the cost 
functions.

When making assumptions, the expres-
sion leads to the total discounted costs for the 
construction and operation of 1 km of line will 
be as follows:

Specific construction costs:
Зсоор.оі = К0баз.і • (1+Е)-1 	 (2)
Specific maintenance and repair costs for 

the period of operation until the end of the 
billing period:

		
(3)

Specific costs for compensation of electric-
ity losses at a constant design load for the pe-
riod of operation Ipt =Ip

 	 (4)

Specific costs, proportional liquidation 
 costs	

		 (5)
where is the dimension of time; is the con-

ditional discounted period of operation, is the 
availability

E – discount rate during sensitivity analy-
sis of optimal solutions at the level of changes 
can be taken as 0.05%1.5

K0base – the base cost of line construction.
Thus, the expression of individual dis-

counted costs (per 1 km of single-circuit line) 
can be presented in the following video.

 		
				 

		  (6)

The last expression (6) can be written in 
the form of two examples, the first of which 
is proportional to the value of the line stability 
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cost, and the second characterizes the specific 
expenses of electricity losses.

 	 (7)

		 (8)
		 (9)
The expression in square brackets is some 

equivalent discount factor Dec.
		 (10)

IfandTo ensure this location, the value of 
the limiting current is determined under con-
ditions of equal flows 	

(11)
When the expression is balanced, the costs 

per section are obtained as Fi and Fi+1.
		 (12)
Apply the limiting current for the sections 

Fi and Fi+1 will be equal to
 	

		 (13)

A graphical representation of economic in-
tervals is shown in Fig. 1.

Source: Authors

Figure 1. Dependence of costs on the 
design current Ir for three corresponding 

cross-sections Fi-1 <Fi <Fi+1

Applying the time factor accounting 
method using the compound interest for-
mula (discounting) does not raise any fun-
damental objections. However, it is not a 
recovery in the most straightforward cases 
when annual operating costs remain un-
changed throughout the entire service life 
of the facility, and additional capital invest-
ments in the facility are not made since they 
are made once during the first year. In these 
cases, methods for estimating savings using 
the payback method at average full costs 
Z=(En+Ra)≥� K+I give the same result as calcu-
lations of discounted costs based on reduc-
ing the sum of capital investments and cur-
rent costs to one year (Pravyla vlashtuvannia 
elektroustanovok, 2017) . It can be assumed 
that the payback or cost method sufficiently 
considers the timeliness of capital and cur-
rent expenses (Kupriyanov, Trishch, Dichev & 
Kupriianova, 2022).

It should be remembered that with the 
parliament of options for total costs over the 
entire service life of the object (discounting), 
it is necessary to deduct the depreciation of 
instability from the composition of current 
expenses. At the same time, it must be consid-
ered when using the cost-based depreciation 
deduction method.

The standard payback period is Tn. In this 
case, three possible cases exist: T<Tn, T>Ti 
and T=Tn. If the actual payback period T is 
less than the standard Tn, the option with sig-
nificant capital investments is more econom-
ical. If T is more critical than Tn, then it will 
be more economical to consider capital invest-
ments. If T = Tn, then the compared options 
are equally economical.

The payback period is 8 years. For new 
technical equipment (computers, micropro-
cessor devices, etc.), the standard payback pe-
riod is equal to 3 years. The reciprocal value 
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Ен=1/Тн=1/8=0.12 is called the standard co-
efficient of comparative efficiency. In a mod-
ern market economy, the standard payback 
period and the corresponding standard coef-
ficient of efficiency, depending on the existing 
conditions and requirements of the investor, 
the values ​​Тн and Ен can prevent changes 
both in the more significant and in the lesser 
direction.

In addition to the above costs, other crite-
ria for the economic efficiency of capital in-
vestments can be used in Ukraine. The final 
decision is made considering the analysis of 
the calculation results of one or more cases, 
depending on the nature of the problem being 
solved (Picot & Guillaume, 2024). The criteria 
include the integral discounted profit, which 
characterizes the excess of income over ex-
penses. The profitability of investments is 
about revenue and costs. The payback period 
is the time during which investments are re-
turned through income.

In this example, we will calculate the in-
terval of economic cable lines of 10 kV with 
and without discounting. The fourth cable 
line l = 1 km of the AASHv type is laid in a 
trench in urban conditions with the follow-
ing initial data: Tp = 10 years. Ts = 1 year. 

Tm = 3000 hours, E = 0.1, С0 = 0.65, aobsl = 
0.008 e./hour.

Calculation considering discounting.
According to formula (5), the estimated dis-

counted period of operation during the term is 
calculated.

Then the equivalent discounting factor, 
according to formula (11) without considering 
the liquid value, will be equal to

We find the number of hours of maxi-
mum losses τ

And considering τ, the value of the coeffi-
cient Bл is determined by the formula (9)

We find the boundary points Igr i,i+1 of the 
economic intervals using formula (13) and the 
values ​​of the CL parameters (Table 2 - based 
on the author’s research).

Table 2. 	 CL parameters and intervals
Source: Authors.

Fi, mm2 35 50 70 95 120 150 185 240 Characteristic

C0, thou-
sand UAH. 38 44 51 62 71 89 103 125 Association 

"Promkabel"
r0, Ohm/
km 0.89 0.62 0.44 0.326 0.258 0.206 0.167 0.129

Irp i,i+l, A 0-36.1 36.1-
47.8

47.8-
75.3

75.3-
88.2

88.2-
142.6

142.6-
144.9

144.9-
182.0

182.0 and 
above

Economic in-
tervals

jek, A/
mm2 1.03 1.03-

0.96
0.96-
1.08

1.08-
0.93

0.93-
1.19

1.19-
0.96

0.96-
0.98

0.98 and 
above

Estimated 
energy-saving 
lamp current
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Calculation based on the cost criterion 
without discounting

The expression for the cost of constructing 
1 km of cable line, in this case, has the form

		 (14)
where En is the standard efficiency coeffi-

cient equal to En = 0.12 oe, Pa is the deprecia-
tion deduction Pa = 0.063 oe

Then, the formula for determining the 
value of the limiting current Iгp,i,i+1 will 
be the same

		 (15)

The calculation results are given in Table 3 
(based on the author’s research).

Table 3. Economic intervals and current density
Source: Authors.

Fi, mm2 35 50 70 95 120 150 185 240 Characteristic

Irp i,i+l, A 0-36.1 36.1-
48.1

48.1-
75.8

75.8-
88.8

88.8-
143.6

143.6-
145.9

145.9-
183.3

183.3 and 
above

Economic 
intervals

jek, A/
mm2 1.04 1.04-

0.96
0.96-
1.08

1.08-
0.93

0.93-
1.2

1.2-
0.97

0.97-
0.99

0.99 and 
above

Estimated 
energy-saving 
lamp current

Analyzing the calculated values ​​of eco-
nomic current intervals with and without dis-
counting (Table 2 and Table 3), they coincide. 
This is confirmed by the premise that in the 
case of one-time capital investments during 
the first year of construction of the power 
transmission line and fixed costs during the 
service life, calculations can be made using 
the cost criterion without discounting.

The obtained values ​​of economic current 
density (Table 2 and Table 3) are 1.5+1.7 times 
lower than those ​​of normalized economic cur-
rent densities given in (Pravyla vlashtuvannia 
elektroustanovok, 2017) . The choice of wire 
cross-section and measurements at dynamic 
intervals allow the reduction of active power 
losses in lines by 2-3 times, contributing to 
the solution of energy-saving problems.

CONCLUSIONS
1. 	 Due to their originality and mass, The 

economically justified choice of param-
eters of power transmission lines, pri-

marily wire cross-sections and structures, 
can be changed to solve the most critical 
tasks. Insufficient scientific substantia-
tion of the task’s technical and econom-
ic model and the model’s inadequacy of 
actual conditions can lead to significant 
calculation errors and damage.

2. 	 The normalized values ​​of current den-
sity in the (Pravyla vlashtuvannia elek-
troustanovok, 2017) do not have suf-
ficient scientific and methodological 
justification. The recommended val-
ues ​​of current density were established 
in the 50s of the last century, and the 
initial conditions adopted during the 
calculations have now changed. There-
fore, using normalized current density 
results when choosing economic wire 
cross-sections and measurements can-
not be better.

3. 	 The method of economic intervals allows 
you to determine the accuracy of stan-
dard wire cross-sections and residential 
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measurements and obtain unambiguous 
solutions manually. In this case, you can 
use the calculations not to average spe-
cific indicators but to essential values ​​of 
basic costs (K, CT, E. R., etc.). The method 
makes it possible to analyze and obtain 
more reliable and economically justified 
solutions individually for each calcula-
tion, thereby solving the problems of re-
source and energy conservation in mar-
ket conditions.

4. 	 Calculations show that the values ​​of 
current densities corresponding to the 
obtained economic intervals are 1.5+1.7 
times lower than those normalized by the 
(Pravyla vlashtuvannia elektroustanovok, 
2017) . Thus, the choice of wire cross-sec-

tion and calculations based on economic 
intervals allow for reducing power losses 
in power transmission lines with a volt-
age of 10-220 kV by 2-3 times.

5. 	 Power transmission lines in distribution 
networks are usually constructed with 
one-time capital investments during the 
year, and additional costs during the ser-
vice life are assumed to be unchanged. 
Therefore, the choice of economic pro-
cessing of wire cross-section data and 
measurement can be made according to 
the criterion of costs without considering 
their discounting. Lines with economic 
changes in operation provide maximum 
profit regardless of the forms of owner-
ship in the industry.
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