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Asiillustrated in Fig. 5, both |IEEE and CIGRE standards offer method-
ologies for calculating solar gain, with the IEEE approach utilizing
(10) and the CIGRE model employing (11). On the hottest summer
days, solar radiation reaches peak intensity around midday due to
the high solar elevation angle. This elevated solar input significantly
increases the heat absorbed by the conductor, leading to a notable
rise in its surface temperature. The resulting solar gain presents a
considerable challenge to maintaining thermal equilibrium, as the
conductor relies primarily on convective and radiative cooling to
dissipate the excess heat. The combination of intense solar radia-
tion and elevated ambient temperatures reduces the overall cool-
ing efficiency, underscoring the importance of accurate thermal

modeling to prevent overheating and ensure the safe operation of
the TL.

3) Winter Day Conditions:

The typical winter day is illustrated in Figs. 6, 7, and 8, which
present data on wind speed, ambient temperature, wind angle,
and solar gain. On this day, the combination of lower ambient tem-
peratures, higher wind speeds, and reduced solar radiation creates
favorable conditions for heat dissipation. These factors collectively
enhance the cooling performance of the conductor, allowing it to
maintain lower operating temperatures compared to hot summer
conditions.
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Fig. 6. Wind speed and wind angle variation over a 24-hour winter period.
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Fig. 7. Ambient temperature variation over a 24-hour winter period.

Fig. 8. Solar heat gain profile according to IEEE and CIGRE in winter.
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Wind speed is relatively higher in winter compared to the hottest
summer days, enhancing convective cooling throughout the day.
Additionally, wind speed variations are less pronounced, provid-
ing more consistent cooling conditions. As shown in Fig. 6, both
wind speed and wind angle exhibit noticeable variation, with wind
speeds ranging from 1.5 m/s to over 5.6 m/s and an average winter
wind speed of 4.01 m/s—conditions generally favorable for effective
conductor cooling. Wind angle also plays a significant role in deter-
mining line ampacity. Convective cooling is most effective when the
wind angle approaches 90°, while angles near 0° reduce the cooling
effect despite the presence of wind. In Fig. 6, wind angles range from
0° to a maximum of 80°, with an average of less than 45°, an orienta-
tion typically considered less favorable for optimal convective heat
dissipation.

Ambient temperature remains low throughout the day, with mini-
mal fluctuations. The reduced temperature gradient between the
conductor and the surrounding air enhances the efficiency of con-
vective heat transfer. As shown in Fig. 7, the minimum temperature is
7.7°C, and the maximum is 13.8°C, with an average of 11.55°C. These
values indicate that the seasonal weather conditions are relatively
cold, favoring improved thermal management of the conductor.

In Fig. 8, both IEEE and CIGRE standards provide methods for cal-
culating solar gain, with IEEE utilizing (10) and CIGRE applying (11).
On a typical winter day, solar radiation is considerably lower due to
the sun’s reduced altitude in the sky. This diminished solar inten-
sity results in less heat being absorbed by the conductor, thereby
contributing minimally to conductor heating. The reduced solar
gain, coupled with the generally lower ambient temperatures, sig-
nificantly improves the overall cooling efficiency of the TL, enabling
it to operate at higher ampacity while experiencing less thermal
stress.

Comparing these two scenarios effectively demonstrates how envi-
ronmental factors such as wind speed, wind angle, ambient tempera-
ture, and solar radiation influence the ampacity of TLs. Incorporating
this comprehensive weather data into calculations allows for more
accurate predictions of available ampacity under diverse conditions,
thereby enhancing the efficiency and reliability of the power trans-
mission system.

11l. RESULTS AND DISCUSSION

The analysis was performed using data collected from various sites,
as outlined in Table IX, with a 1-hour resolution. The data covers one
extremely hot summer day (June 25, 2024) and one typical winter
day (January 20, 2024). This timeframe was chosen to ensure both
summer and winter conditions are accounted for, providing a more
comprehensive and reliable assessment of the line's capacity. By
evaluating the TL's performance under extreme heat and moderate
cold, factors such as wind speed, ambient temperature, solar radia-
tion, and wind angle were considered. This approach offers valuable
insights into how the TL behaves under varying seasonal and envi-
ronmental conditions, ultimately improving the understanding of its
dynamic capacity.

This section first analyzes the conductor's temperature under real
load conditions, as illustrated in Figs. 3, 4, and 5 for summer and
Figs. 6, 7, and 8 for winter, using (5) and (6) for IEEE and CIGRE,
while considering all relevant weather conditions at that time. The
analysis shows the conductor’s surface temperature under varying

conditions, providing a comprehensive understanding of how differ-
ent environmental factors influence its thermal behavior.

. One hour after current begins flowing through the conductor, the
surface temperature rises to 28.35°C. This increase is primarily influ-
enced by Joule heating (5.36 W/m), zero solar heat gain, radiative
cooling (0.035 W/m), and convective cooling (0.79 W/m). The values
of P_and P, are calculated based on wind speed, wind direction, and
ambient temperature, as shown in Figs. 3, 4, and 5.

However, between 03:00 and 04:00, the conductor temperature
decreases despite an increase in load current from 200.9 A to 214.2
A. During this period, the wind speed remains steady at 0.5 m/s, the
wind direction shifts from 40° to 60°, the ambient temperature drops
from 23.1°C to 21.1°C, and solar heat gain is zero. According to the
IEEE standard, Joule heating is calculated as 5.55 W/m, radiative cool-
ing as 1.381 W/m, and convective cooling as 5.694 W/m, resulting in
a surface temperature decrease from 27.89°C to 27.19°C. Similarly,
under the CIGRE standard, Joule heating is calculated as 5.54 W/m,
radiative cooling as 1.74 W/m, and convective cooling as 5.62 W/m,
leading to a surface temperature drop from 27.58°C to 26.75°C.
Despite the increase in current, which would typically lead to higher
Joule heating, the cooling effect due to the change in wind angle
was more significant. Additionally, the drop in ambient temperature
further enhanced the cooling effect, causing a reduction in the con-
ductor surface temperature even with the increase in current.

However, between 10:00 and 11:00, the conductor surface tempera-
ture increases despite a decrease in load current from 150.1 Ato 141.6
A.During this period, the wind speed rises from 1.5 m/s to 2.1 m/s, the
wind direction shifts from 40° to 50°, and the ambient temperature
increases from 26.8°C to 29.5°C. Additionally, solar heat gain increases
from 7.9 W/m to 9.4 W/m according to the IEEE standard, and up to
12.65 W/m according to the CIGRE standard, as shown in Figs. 3, 4,
and 5. Based on the IEEE standard, Joule heating is calculated as 2.49
W/m, radiative cooling as 1.06 W/m, and convective cooling as 8.75
W/m, resulting in a surface temperature rise from 35.49°C to 36.95°C.
Under the CIGRE standard, Joule heating is 2.5 W/m, radiative cooling
is 2.02 W/m, and convective cooling is 11.838 W/m, leading to a tem-
perature increase from 37.21°C to 37.8°C. Between 05:00 and 19:00,
the conductor temperature calculated using the CIGRE standard is
consistently higher than that of the IEEE standard due to the higher
solar heat gain, which remains constant at 12.65 W/m. This tempera-
ture rise can be attributed to the combined effect of the increased
solar radiation and the higher ambient temperature, which, despite
the reduction in current, led to a net increase in the heat absorbed
by the conductor, overriding the effect of the reduced load current.

As shown in Fig. 10, the conductor surface temperature reflects
the thermal behavior of the line during a typical winter day, illus-
trating how environmental factors such as ambient temperature,
wind speed, and solar radiation influence the conductor’s thermal
dynamics.

In Fig. 10, the surface temperature is assumed to be 12°C at 01:00,
equal to the ambient temperature. After 1 hour of carrying a current
of 356 A, the conductor’s surface temperature rises to 18°C, indicating
that the surface temperature lags slightly behind the current flowing
through the conductor. From 01:00 to 02:00, the current through the
conductor decreases from 365 A to 342.6 A. As shown in the figure,
the surface temperature also decreases under both standards, but
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Fig. 9. Variation of load current and conductor surface temperature based on IEEE and CIGRE standards in summer.

with different values. According to the IEEE standard, Joule heat-
ing is calculated as 13.65 W/m, radiative cooling as 1.35 W/m, and
convective cooling as 17.65 W/m, resulting in a surface temperature
drop from 18°C to 15.55°C. Similarly, under the CIGRE standard, Joule
heating is 13.64 W/m, radiative cooling is 1.78 W/m, and convective
cooling is 19.28 W/m, leading to a temperature decrease from 18°C
to 14.52°C. These values for Joule heating, radiative cooling, and con-
vective cooling are derived from Figs. 6, 7, and 8, respectively.

As shown in Fig. 10, at certain times, the difference between the two
standards becomes more noticeable. For instance, between 08:00
and 09:00, the surface temperature difference between the IEEE and
CIGRE standards reaches approximately 3°C. According to the IEEE
standard, Joule heating is calculated at 7.05 W/m, radiative cooling
at 1.65 W/m, convective cooling at 17.56 W/m, and solar heat gain
increases from 3.4 to 5.9 W/m. In contrast, under the CIGRE standard,
Joule heating is 7.04 W/m, radiative cooling is 2.089 W/m, convective
cooling is 16.571 W/m, and solar heat gain remains constant at 10.1
W/m throughout the day. Although all parameters influence temper-
ature variation, at this time, solar heat gain appears to have the most
significant impact. This is evident in the consistently higher surface
temperature observed under the CIGRE standard. These values for
Joule heating, radiative cooling, and convective cooling are derived
from Figs. 6, 7, and 8, respectively.

Taking into account the environmental conditions for both summer
and winter, and applying the internationally recognized IEEE and
CIGRE standards, the conductor’s ampacity under steady-state condi-
tions has been accurately calculated using (2) and (4) at its maximum

surface temperature. This calculation evaluates DLR and assesses TL's
optimal performance under varying environmental conditions. As
shown in Figs. 11 and 12 for summer and winter, respectively, the
analysis demonstrates how seasonal variations significantly affect
the ampacity and efficiency of the TL.

According to Table VIII, the static line rating (SLR) of the overhead
TL was set at 412.4 A for the summer season, corresponding to its
designed ampacity. As shown in Fig. 11, the ampacity calculated
using DLR reveals noticeable differences between the two stan-
dards at certain points. Specifically, at 01:00, the ampacity calculated
using the CIGRE standard is higher than that of the IEEE standard.
The primary factor contributing to this difference is convective cool-
ing, with CIGRE estimating it at 88.212 W/m, while IEEE calculates it
at 86.2 W/m. These values were derived from Figs. 3, 4, and 5, with
a wind speed of 1.5 m/s, an ambient temperature of 25.9°C, and a
wind angle of 70°. In low wind speed conditions, the CIGRE method
places greater emphasis on the impact of wind angle, resulting in
a higher ampacity calculation compared to the IEEE method. These
findings underscore the importance of considering environmental
factors and the assumptions inherent to each standard in accurately
determining the ampacity of overhead TLs.

Additionally, at 05:00, a significant difference is observed between
the two standards, with the ampacity calculated using the CIGRE
method being lower than that of the IEEE method. This discrepancy
primarily arises from the difference in solar heat gain, which is esti-
mated by CIGRE at 12.65 W/m, whereas IEEE calculates it as 0.218
W/m. The convective cooling values show only a slight difference,
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Fig. 10. Variation of load current and conductor surface temperature based on IEEE and CIGRE standards in winter.
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Fig. 11. Line ampacity variation in summer based on IEEE and CIGRE standards with SLR reference.
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Fig. 12. Line ampacity variation in winter based on IEEE and CIGRE standards with SLR reference.

with CIGRE at 29.8 W/m and IEEE at 30.43 W/m. These values were
derived from Figs. 3, 4, and 5, with a wind speed of 0 m/s, an ambi-
ent temperature of 21.7°C, and a wind angle of 10°. A key distinc-
tion between the two methods lies in their treatment of solar heat
gain: the CIGRE method assumes it to be constant, while the IEEE
method accounts for its variation throughout the day. As a result,
the ampacity calculated by CIGRE is lower than that calculated by
IEEE during this time. This comparison emphasizes the importance
of considering varying environmental factors and their treatment in
each standard, ultimately influencing the calculated ampacity and
performance of the TL.

However, at 18:00, the ampacity calculated by CIGRE exceeds that
of IEEE. The primary differences between the two methods are
found in both solar heat gain and convective cooling. Specifically,
CIGRE estimates the solar heat gain at 12.65 W/m, while IEEE cal-
culates it as 1.69 W/m. Additionally, the convective cooling values
are higher in CIGRE, with 176.38 W/m compared to 154.74 W/m in
IEEE. These values were derived from Figs. 3, 4, and 5, using a wind
speed of 6.1 m/s, an ambient temperature of 34.8°C, and a wind
angle of 50°. A key distinction between the two methods is that
in the CIGRE method, high wind speed has a more pronounced
effect on convective cooling, while in IEEE, the effect is less sig-
nificant. Furthermore, solar heat gain is considered constant in
CIGRE, whereas it varies throughout the day in IEEE. As a result,
the ampacity calculated by CIGRE is higher than that of IEEE during
this period. This comparison underscores the significant influence
of wind speed and solar heat gain assumptions on the calculated

ampacity, illustrating how different environmental factors are han-
dled in each standard.

According to Table VI, the overhead TL is rated for a SLR of 674.8
A during the winter season, reflecting its designed current-carrying
capacity. Fig. 12 illustrates notable differences in ampacity values
calculated using the IEEE and CIGRE standards. At 06:00, the ampac-
ity based on the IEEE method is lower than those of the CIGRE
method and the SLR. This difference primarily arises from convec-
tive cooling, estimated as 49.5 W/m by CIGRE and 46.3 W/m by IEEE.
These values were calculated using Figs. 6, 7, and 8, considering a
wind speed of 1.5 m/s, an ambient temperature of 11.5°C, and a
wind angle of 0°. Under adverse weather conditions, such as low
wind speed and high ambient temperature, DLR may require a lower
current limit than the SLR. This reduction is necessary to prevent
conductor overheating and excessive sag, ensuring safe operation
within thermal limits. Limiting the current helps protect the TL from
potential damage due to thermal stress, thereby reducing the risk of
failure [11, 36]. Between 07:00 and 11:00, the IEEE ampacity exceeds
that of CIGRE. This trend aligns with the wind and temperature pro-
files presented in Figs. 6 and 7, where wind speeds remain below 2.5
m/s and ambient temperatures are relatively low. For the remainder
of the day, however, the CIGRE ampacity is generally higher than the
IEEE value. This outcome is attributed to increased wind speeds dur-
ing winter, with an average value of 4.17 m/s as indicated in Fig. 6.
Under higher wind conditions, the CIGRE method tends to estimate
greater convective cooling, leading to higher ampacity values com-
pared to IEEE. These findings highlight the influence of wind speed
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on ampacity calculations and the impact of methodological differ-
ences between the IEEE and CIGRE approaches in varying environ-
mental conditions.

IV. CONCLUSION

This study highlights the important role of DLR in improving power
transmission systems by allowing real-time adjustments based on
environmental conditions. Unlike traditional SLR, which relies on
fixed, conservative assumptions and often results in underused
transmission capacity, DLR uses real-time weather and load data to
continuously update ampacity values. By comparing the IEEE Std
738 and CIGRE TB 601 standards, both based on the heat balance
principle but differing in their methods and sensitivity to parame-
ters, this paper shows how ampacity changes under different envi-
ronmental conditions.

The results demonstrate that DLR provides a significant improve-
ment over static ratings, with both the IEEE and CIGRE methods
increasing average ampacity by over 35% in both summer and
winter. Seasonal variations show that ampacity is much higher in
winter—26.9% higher for IEEE and 29.8% higher for CIGRE—due to
cooler temperatures and higher wind speeds, which enhance con-
vective cooling. Additionally, the study finds that the CIGRE method
predicts higher ampacity under high wind conditions, while the IEEE
method works slightly better in low wind situations.

These findings emphasize the need to select the right standard
based on local climate conditions and the requirements of the power
network. Using DLR effectively could reduce the need for expen-
sive infrastructure upgrades, improve the integration of renewable
energy, and make the grid more flexible, efficient, and resilient.

Future research could look into challenges in implementing DLR in
real-time, its integration with grid management systems, and how
sensor accuracy and data delays affect its performance. Expanding
the study to consider DLR behavior during faults or emergencies
could provide more insights into its reliability in real-world situations.
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