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Abstract. A steady-state dynamic line rating analysis was performed for a 400 kV overhead transmission
line located in Slovakia, following the standardized methodology defined in CIGRE Technical Brochure 601.
The investigated system corresponded to the V427 corridor originally equipped with aluminium conductor
steel-reinforced 243-AL1/39-ST1A conductors. In the computational study, the conventional conductor was re-
placed by high-temperature low-sag variants, specifically aluminium conductor composite core types, selected
to preserve equivalent mechanical characteristics such as conductor diameter, mass per unit length, and ten-
sile load, thereby minimizing structural interventions on the existing tower design. Meteorological data with a
15-minute temporal resolution, including ambient temperature, wind speed and direction, and global tilted ir-
radiance, were obtained from the Open-Meteo application programming interface to ensure sufficient temporal
granularity for the safe application of dynamic line rating. The thermal model incorporated Joule heating, solar
heat gain, and convective and radiative cooling processes under steady-state conditions. The analysis compared
annual ampacity profiles of both conductor types and quantified the potential benefits of dynamic line rating
implementation relative to the conventional static line rating. The study provided a comprehensive technical ba-
sis for evaluating the feasibility of adopting high-temperature low-sag conductors in combination with dynamic
line rating as an effective and economically viable strategy for enhancing the transmission capacity of existing
400 kV corridors under realistic climatic conditions in the Slovak transmission system.

1 Introduction

The continuous growth of electricity demand, large-scale
integration of renewable energy sources, and increasing
power exchanges between regions impose steadily rising
requirements on the transmission infrastructure. In many
European countries, including Slovakia, the construction
of new overhead transmission lines (OHTL) is constrained
by environmental regulations, public opposition, and long
permitting procedures. As a consequence, transmission
system operators are increasingly forced to maximize the
utilisation of existing corridors rather than expand the net-
work by new line construction [1, 2].

Traditionally, the thermal loading of overhead lines is
governed by the static line rating (SLR), which defines
a fixed current limit based on conservative assumptions
regarding ambient temperature, wind speed, wind angle,
and global tilted irradiance (GTI). These assumptions are
selected to represent rare but severe meteorological con-
ditions, ensuring safe operation under all circumstances.
However, such conservatism leads to systematic under-
utilisation of the real thermal capacity of conductors, as
favourable weather conditions prevail during a substantial
∗Corresponding author: e-mail: lubomir.bena@tuke.sk

portion of the year [1, 3]. This discrepancy between as-
sumed and actual operating conditions has motivated the
development of weather-dependent rating concepts.

Dynamic line rating (DLR) overcomes the limitations
of SLR by continuously adapting the allowable current to
real-time meteorological conditions through the thermal
balance of the conductor. In steady-state DLR, the per-
missible current is obtained from the thermal equilibrium
between Joule heating, solar heat gain, and convective and
radiative cooling processes [4]. Transient DLR further
extends this concept by accounting for the thermal iner-
tia of the conductor, allowing short-term overloads before
the maximum temperature limit is reached [5]. Numer-
ous studies have demonstrated that DLR can significantly
increase operational flexibility and transmission capacity
without physical reinforcement of the grid [3, 6].

In parallel, high-temperature low-sag (HTLS) conduc-
tors have emerged as a mature reconductoring solution
for uprating existing transmission corridors. By employ-
ing advanced core materials and thermally resistant alu-
minium alloys, HTLS conductors permit operation at sub-
stantially higher temperatures while maintaining accept-
able mechanical clearances. Field and simulation studies
consistently report that HTLS technologies can double the
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static ampacity compared to conventional aluminium con-
ductor steel-reinforced (ACSR) conductors when operated
at their design temperature limits. However, most pub-
lished works assess HTLS performance either under fixed
reference conditions or at individual spans, without explic-
itly addressing corridor-level operational constraints [7].

The remainder of the paper is structured as follows.
Section 2 details the study case, corridor discretization ap-
proach, meteorological dataset, and the steady-state ther-
mal model based on CIGRE Technical Brochure (TB) 601.
Section 3 presents the static and corridor-level dynamic
ampacity results. Section 4 provides a critical interpreta-
tion of the findings in relation to existing literature, and
Section 5 summarizes the main conclusions and outlines
directions for future work.

List of abbreviations

OHTL – overhead transmission line
SLR – static line rating
DLR – dynamic line rating
GTI – global tilted irradiance
HTLS – high-temperature low-sag
ACSR – aluminium conductor steel-reinforced
ACCC – aluminium conductor composite core
ACCR – aluminium conductor composite reinforced
ACSS – aluminium conductor steel supported
KTACSR – thermal-resistant aluminium alloy conductor
steel reinforced
ZTACIR – zirconium-type thermal-resistant aluminium
conductor Invar reinforced
API – application programming interface
TB – Technical Brochure

2 Methodology

2.1 Study case and corridor sampling

The study was conducted on a 400 kV OHTL located in the
Slovak Republic, corresponding to the V427 corridor. The
transmission corridor was discretized into a set of spatial
evaluation points in order to explicitly capture the spatial
variability of meteorological conditions along the route.
For each time step, the thermal rating was evaluated at all
points, and the corridor-level ampacity was defined by the
most critical location.

This formulation reflected practical system operation,
where the admissible current of a transmission corridor
was governed by the locally most unfavorable thermal
conditions.

All data processing, CIGRE TB 601 calculations, and
figure generation were performed in MATLAB.

2.2 Meteorological data

Meteorological time series were obtained from the Open-
Meteo historical forecast application programming inter-
face (API) with a temporal resolution of 15 min. The
dataset comprised ambient air temperature at 2 m, Ta (°C),

wind speed at 10 m, V (m s−1), wind direction (deg), and
GTI IT (W m−2).

All variables were time-aligned to Central European
Time to ensure consistency with operational practice. The
selected dataset provided spatially and temporally con-
sistent meteorological coverage suitable for corridor-level
thermal rating studies. The high temporal resolution was
selected to ensure safe application of steady-state DLR un-
der realistic operating conditions.

2.3 Thermal rating model

The steady-state thermal balance of the overhead conduc-
tor was formulated according to CIGRE TB 601. Un-
der steady meteorological conditions, thermal equilibrium
was reached when internal heat generation equalled heat
dissipation to the surrounding environment. For practical
ampacity assessment, the heat balance equation was ex-
pressed as [4]:

I2RAC(Ts) + Ps = Pc + Pr, (1)

where I is the conductor current (A), RAC(Ts) is the
AC resistance per unit length evaluated at the conductor
surface temperature Ts (Ωm−1, ◦C), Ps denotes the solar
heat gain (W m−1), and Pc and Pr represent the convective
and radiative cooling (W m−1), respectively.

Corona heating and evaporative cooling were ne-
glected to retain a conservative thermal rating consistent
with standard operational practice [4].

By rearranging (1), the steady-state ampacity was ob-
tained as [4]:

I =

√
Pc + Pr − Ps

RAC(Ts)
. (2)

This formulation constituted the core of the steady-
state DLR calculation applied throughout this study.

2.4 Wind angle of attack for corridor-level
evaluation

For corridor-level DLR, the wind angle of attack was eval-
uated separately at each spatial point in order to capture
local wind-to-line geometry. The local line azimuth was
obtained from the forward azimuth between adjacent cor-
ridor coordinates. Wind direction provided by the mete-
orological dataset (direction from) was converted to the
direction towards by adding 180◦. The wind-to-line angu-
lar difference was wrapped to ⟨−180◦, 180◦⟩ and mapped
to an acute angle θ ∈ ⟨0◦, 90◦⟩ in accordance with the CI-
GRE TB 601 definition.

2.5 Surface properties of conductors

In the thermal rating calculations, conductor surface prop-
erties were selected to represent realistic ageing conditions
rather than idealized new-conductor assumptions. Specifi-
cally, solar absorptivity αS and surface emissivity εS were
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adopted from the reference ranges recommended in CI-
GRE TB 601 for weathered conductors [4, 9].

This approach avoided the use of constant or overly
optimistic surface parameters (e.g., αS = εS = 0.5), which
are commonly assumed in simplified studies, and ensured
that solar heat gain and radiative cooling were evaluated
under conservative and operationally realistic conditions.
The same surface property values were consistently ap-
plied across all conductor types to enable a fair compara-
tive assessment.

2.6 Electrical resistance modelling

Accurate representation of conductor resistance was es-
sential for reliable thermal rating calculations. The DC
resistance was corrected from 20 ◦C to the operating tem-
perature using a quadratic temperature model. The AC
resistance was subsequently obtained using an empirical
AC–DC conversion factor as recommended in [10], pro-
viding a more realistic estimation of Joule heating than
simplified constant-resistance assumptions.

2.7 Conductor selection and comparison
framework

The investigated conductors were selected to construct
a technically realistic uprating scenario for an existing
400 kV transmission corridor. The reference case cor-
responded to the conventional ACSR 243-AL1/39-ST1A
conductor currently installed on the line. The alterna-
tive conductors comprised representative HTLS types se-
lected to preserve comparable geometric and mechanical
characteristics, including outer diameter and mass per unit
length, in order to avoid major structural modifications of
the existing tower system.

This selection strategy ensured that the observed dif-
ferences in ampacity performance primarily reflect ther-
mal and electrical characteristics of the conductors rather
than changes in mechanical loading conditions.

To enable a consistent comparison, all conductors were
first evaluated at a common operating temperature of Ts =

80 ◦C, corresponding to the conventional SLR limit. This
“80 ◦C equivalence” provided a uniform baseline inde-
pendent of the maximum design temperature of individual
HTLS conductors. Subsequently, each HTLS conductor
was also evaluated at its respective high-temperature oper-
ating limit in order to quantify the additional operational
headroom enabled by advanced conductor technologies.

The set of investigated conductors comprised ACSS
Flicker 242, ACCC Lisbon 250, KTACSR/AW 240/30-7,
ZTACIR 240/55, and ACCR 470-T16. The principal phys-
ical and electrical parameters employed in the thermal cal-
culations were summarized in Table 1. The full names
corresponding to the conductor acronyms are listed in the
List of Abbreviations.

2.8 Corridor-level dynamic line rating

For each conductor type and each time step k, the steady-
state ampacity was computed at all spatial evaluation

points i along the corridor. The corridor-level DLR was
defined as

IDLR(k) = mini {Ii(k)} , (3)

representing the most restrictive thermal bottleneck
along the route. This bottleneck-based definition reflected
operational practice, where the admissible corridor load-
ing was governed by the most thermally constrained span.
The location of the limiting point and its corresponding
meteorological conditions were recorded for subsequent
analysis.

2.9 Static line rating baseline

For reference, SLRs were computed as a baseline case
at Ts = 80 ◦C under standardized conditions specified in
STN EN 50341-2-23: Ta = 35 ◦C, V = 0.5 m s−1, θ = 45◦,
and IT = 1000 W m−2. This ensured a consistent base-
line for comparison with weather-dependent dynamic rat-
ings [11].

3 Results

3.1 Static line rating comparison

Figure 1 presents a comparison of the SLR of the inves-
tigated conductors evaluated at a common operating tem-
perature of Ts = 80 ◦C under standardized reference con-
ditions. This baseline assessment isolates the influence of
conductor physical and electrical properties by excluding
the effects of weather variability.

At Ts = 80 ◦C, the conventional ACSR 243-AL1/39-
ST1A exhibited a static ampacity of 548 A. All HTLS
alternatives demonstrated equal or moderately higher rat-
ings, ranging from 543 A for KTACSR/AW 240/30-7 to
633 A for ACCC Lisbon 250. The relatively small spread
among conductors at identical temperature reflects their
intentionally similar geometrical and mechanical charac-
teristics, as summarized in Table 1.

When evaluated at their respective maximum allow-
able operating temperatures, the HTLS conductors pro-
vided substantially higher SLR. In particular, ACCR 470-
T16 and ACSS Flicker 242 reached 1170 A and 1198 A,
respectively, while ACCC Lisbon 250 achieved 1211 A.

A pronounced separation between conductor ratings
was observed at elevated operating temperatures compared
to the limited differences at Ts = 80 ◦C.

3.2 Corridor-level dynamic line rating profiles

Figure 2 presents the corridor-level DLR profiles at 15-
min resolution for a representative winter day (12 Decem-
ber 2024) for the conventional ACSR conductor and the
investigated HTLS conductors. For clarity, the results are
divided into two panels corresponding to two conductor
groups (left: Group 1, right: Group 2).

When applying the corridor-based evaluation ap-
proach, the resulting ampacity profile was not uniquely
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Table 1: Key physical and electrical parameters of the investigated conductors used in the thermal rating calculations

Conductor
Mass

(kg km−1)
Solar absorptivity

αS (–)
Emissivity
εS (-)

Temp. coeff.
α (K−1)

DC resistance
RDC,20 (Ω km−1)

Outer strand
diameter (mm)

Outer conductor
diameter (mm)

Max. eval.
Ts (◦C)

ACCC Lisbon 250 946 0.5 0.5 4.00 × 10−3 0.0887 3.67 21.79 200
ACCR 470-T16 793 0.5 0.5 4.00 × 10−3 0.1153 3.40 21.60 240
ACSR 243-AL1/39-ST1A 980 0.5 0.5 4.00 × 10−3 0.1181 3.45 21.75 80
ACSS Flicker 242 914 0.5 0.5 4.03 × 10−3 0.1142 3.58 21.49 250
KTACSR/AW 240/30-7 1038 0.5 0.5 4.00 × 10−3 0.1220 3.20 22.40 150
ZTACIR 240/55 1085 0.5 0.5 3.80 × 10−3 0.1171 3.20 22.40 210
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Fig. 1. Steady-state ampacity comparison of conventional ACSR and selected HTLS conductors under identical environmental condi-
tions (Ta = 35 ◦C, V = 0.5 m s−1, θ = 45◦, IT = 1000 W m−2 ), calculated using the CIGRE TB 601 methodology

determined by a single location but varied according to
the most restrictive point along the transmission route at
each time step. As a consequence, the corridor-level DLR
exhibited pronounced temporal variability.

Out of the 111 spatial evaluation points along the corri-
dor, 54 points were identified as limiting locations at least
once during the analysed day. The corridor-level rating
was therefore determined by a subset of repeatedly occur-
ring locations rather than by a fixed bottleneck point.

All investigated HTLS conductors maintained higher
ampacity than the conventional ACSR conductor through-
out the entire day in both panels of Fig. 2. The magnitude
of this difference was not constant but varied over time,
with temporary maxima and minima observable across all
conductor profiles.

Figure 3 also shows the meteorological variables at the
corridor’s critical location in each time interval, i.e., at the
spatial point that determined the minimum ampacity of the
line. These variables represented the local weather condi-
tions used as direct inputs for the dynamic ampacity cal-
culation at every time instant.

4 Discussion

The results revealed two distinct regimes. Under standard-
ized reference conditions at a common operating tempera-

ture of Ts = 80◦C, only minor differences in SLR were
observed among the investigated conductors. This be-
haviour was consistent with the fact that HTLS conductors
were designed as geometrically compatible replacements
for conventional ACSR; therefore, their heat transfer con-
ditions (convection and radiation) remained comparable,
and the resulting SLR values clustered closely. A compa-
rable observation was reported by Parvizi et al. [12], who
showed under standardized sag–tension–temperature test-
ing (CIGRE 426) that ACSR and ACSS conductors ex-
hibit similar sag–tension responses due to their steel cores,
while the superior performance of ACCC becomes evident
beyond the knee-point temperature, where the mechani-
cal load is fully transferred to the composite core with an
ultra-low coefficient of thermal expansion. An exception
was observed for the HTLS ACCC conductor, which ex-
hibited a higher SLR already at the original operating tem-
perature, indicating that it can be effectively utilised with-
out increasing the permissible conductor temperature.

A pronounced separation occurred when each HTLS
conductor was evaluated at its maximum allowable op-
erating temperature. The increase in ampacity was gov-
erned primarily by the extended permissible temperature
range enabled by advanced core and aluminium materi-
als rather than by fundamentally different cooling charac-
teristics. This interpretation is consistent with recent ex-
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Fig. 2. Corridor-level DLR profiles of the conventional ACSR conductor and selected HTLS conductors for a representative winter day
(12 December 2024) at 15-min resolution. Left: Group 1. Right: Group 2.
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Fig. 3. Meteorological variables at the corridor limiting location used as input for the corridor-level DLR calculation on 12 December
2024 (Ta, V , θ, IT, 15-min resolution)

perimental findings, where HTLS conductors were shown
to achieve substantially higher current densities while the
heat transfer mechanisms remained governed by the same
convective and radiative processes [13]. Consequently,
the benefit of HTLS technologies became significant only
when elevated operating temperatures were utilised.

The corridor-level DLR profiles exhibited substantial
temporal variability because the limiting location was not
fixed but changed with time. The identification of 54 lim-
iting points out of 111 spatial evaluation points confirmed
that corridor thermal constraints migrated along the route.
The meteorological variables shown in Fig. 3 represented
the local conditions at the critical location in each time in-
terval, i.e., the point determining the minimum corridor
ampacity at that instant. This minimum-based corridor
formulation is conceptually analogous to temporally dis-
cretised probabilistic DLR approaches, where the admis-
sible rating is governed by the minimum value within a
correlated time window [14]. Previous work has shown
that neglecting correlation in extreme-value aggregation
may lead to biased rating estimates, highlighting the im-
portance of explicitly accounting for the structure of lim-
iting conditions.

The consistently higher corridor-level ampacity ob-
served for all investigated HTLS conductors throughout
the analysed day indicated that HTLS reconductoring and
DLR were complementary approaches. While HTLS
conductors increased the attainable thermal ceiling, DLR
enabled time-dependent utilisation of this ceiling under
favourable meteorological conditions.

5 Conclusion

This paper analysed the SLR and DLR of a 400 kV trans-
mission corridor using the CIGRE TB 601 methodology,
with emphasis on corridor-level DLR and the application
of HTLS conductors. The results confirmed that, under
moderate operating temperatures, conventional ACSR and
HTLS conductors exhibited comparable static ampacity,
whereas the principal benefit of HTLS conductors origi-
nated from their extended allowable thermal limits.

The corridor-level DLR analysis showed that the lim-
iting location was not fixed but migrated along the trans-
mission route in response to spatially non-uniform meteo-
rological conditions. This finding highlighted that the se-
lection of a representative critical span is a demanding task
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for long transmission corridors and cannot be reliably ad-
dressed using a single measurement point.

Moreover, the results indicated that accurate corridor-
level DLR requires spatially resolved monitoring of mete-
orological conditions along the conductor. In practical de-
ployments, this introduces substantial logistical challenges
related to sensor placement, installation and maintenance
effort, data acquisition, and communication infrastructure.
These operational aspects must be considered when imple-
menting DLR schemes in real transmission grids.

Despite these challenges, the combination of HTLS
reconductoring with corridor-based DLR represents an
effective approach for increasing transmission ampacity
without new line construction. Future work will focus on
improving the accuracy and robustness of corridor-level
rating by advanced access to meteorological data, opti-
mised sensor deployment, and alternative ampacity calcu-
lation approaches, including practical field measurements
on HTLS conductors and the extension of the framework
towards transient DLR.

During the preparation of this manuscript, the authors
used ChatGPT 5.2 (OpenAI) and Google Translate solely
for language editing and readability improvement. The au-
thors reviewed and edited the content and take full respon-
sibility for the final manuscript.
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