
 

1. Introduction 

Determining the thermal parameters of electrical installations, 

including cable ratings, aroused the interest of researchers al-

ready at the end of the 19th century [1]. Currently, the main at-

tention is paid to the continuous current-carrying capacity of 

power cables/wires, which depends on many factors, as stated in 

[2]. A general overview of the basic heat transfer concepts for 

cable systems and associated current-carrying capacity is given 

in [3]. There are different methods for determining this capacity. 

As presented by the authors of the paper [4], these include 

mainly the finite element method (FEM), which is extensively 

analysed in [5] with respect to buried power cables in contact 

with native soil or thermal backfill, as well as the IEC 60287 

method [6,7], but the latter is usually used in practice.  

Standard IEC 60287-1-1 [6], along with the second part  

IEC 60287-2-1 [7], provides relationships that precisely indi-

cate what the current-carrying capacity depends on. In the con- 
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Abstract 

Modern power networks contain a large number of distributed energy sources, particularly photovoltaics. In the case of 
photovoltaic sources, the associated electrical installation components, including cables installed in free air, are exposed 
to solar radiation and significant ambient temperature variability. In the classical approach to calculating the current-
carrying capacity of power cables in free air, a constant ambient temperature is assumed and the direct influence of solar 
radiation is usually not considered. Such an approach, under certain conditions for a given country, may lead to an under-
estimation of this capacity (a cold region of the country) or an overestimation (an exceptionally warm region of the coun-
try). This paper proposes an alternative approach for determining the current-carrying capacity of power cables. The 
concept takes into account daily and annual fluctuations in ambient temperature. This is based on actual data obtained 
from measurements with a measurement step of one hour. As a case study, the results of calculations for sample weather 
scenarios for northern Poland are shown. The analysis indicates that under certain real-world conditions, cables may be 
overheated, which reduces the durability of their insulation. For the case of non-rated ageing of cable insulation due to 
high temperature, a current-carrying capacity correction factor was determined. This approach, different from the norma-
tive scheme, allows for determining the thermal exposure of cables that is close to the real one. The analysis results can 
be useful in designing electrical installations, particularly when components are located on the building facade or roof. 

Keywords: Electrical installations; Heat transfer; Power cables; Solar radiation 

 

 

 

Vol. 47(2026), No. 3, 57‒67; doi: 10.24425/ather.2026.3654 

Cite this manuscript as: Szultka, S., Czapp, S., Tomaszewski, A., & Czapp, M. (2026). A method for determining the current-carrying 

capacity and durability of power cables based on variable ambient temperature and solar radiation. Archives of Thermodynamics, 

47(3), 57‒67.  

http://www.imp.gda.pl/archives-of-thermodynamics/


Szultka S., Czapp S., Tomaszewski A., Czapp M. 
 

58 
 

Nomenclature 

Idd ‒ current-carrying capacity of the cable, A 

Idd-cor ‒ current-carrying capacity of the cable with the effect 

of solar radiation, A 

Ln ‒ rated insulation durability at temperature dd, year 

Lx ‒ insulation durability at temperature x, year 

Lxi ‒ insulation durability corresponding to a given 

   temperature in a time interval ti, year 

Ltot ‒ resultant durability of insulation, year 

Re ‒ electrical resistance of the core of a power cable,  

Rc ‒ thermal resistance related to the heat emitted by the cable, K/W 

ti ‒ relative partial interval of insulation operating time 

   at a specific temperature 

 

Greek symbols 

dd – highest permissible temperature rise of the power cable, K  

dd-cor – corrected permissible temperature rise of the power cable, K  

s – temp. rise of the power cable caused by solar radiation, K  

 – change in temperature which causes a twofold change 

   in the durability of the insulation, K  

dd – highest permissible long-term temperature of the power 

   cable, C 

o – ambient temperature, C 

x – temperature other than the highest permissible long-term 

   temperature, C 

 

Abbreviations and Acronyms 

FEM – finite element method 

IMGW-PIB– Institute of Meteorology and Water Management – 

                      National Research Institute  

PV – photovoltaic  

PVC – polyvinyl chloride 

 
 

text of the relationships indicated there, many publications ana-

lyse the detailed impact of various factors on cables. 

Paper [8] indicates that underground cables are affected by 

the temperature distribution around the cables, the burial depth 

of the cables, distances between the cables, the thermal resistiv-

ity of the soil, as well as the material for cable backfilling. The 

influence of soil parameters and soil structure on cable current-

carrying capacity is also analysed in [9,10]. These papers em-

phasise the accuracy of the capacity calculations when cables 

are laid in multi-layered soils or within stabilised/thermal back-

fill. Good modelling results for such systems have been 

achieved in these papers. Paper [11] considers the temperature 

distribution of cables arranged in layers in cable channels. The 

layered arrangement affects the uneven temperature distribution 

of the cable layers, which can lead to local overheating of the 

cable’s insulation. As shown in [12], for high-voltage cables, the 

bonding method of the metal sheaths is also crucial. Currents 

circulating in the metal sheaths may significantly heat the ca-

bles, reducing their current-carrying capacity. The authors of the 

paper [13] draw attention to the specific heat transfer character-

istics when cables are placed in ducts. Previous standard-com-

pliant approaches may lead to unacceptable inaccuracies, so 

their paper proposes a more precise approach that is simple 

enough to implement in computer calculations. The permissible 

load of underground cables is also associated with the phenom-

enon of local drying out of the soil (due to heat emission from 

the cables or the influence of local heat sources). This issue is 

discussed in detail in [14]. In [15], the phenomenon of drying 

out of the soil is also considered, but in a different scheme – it 

is assumed that the top layer of soil near the ground surface dries 

out, while the layer of soil under the cables does not dry out. 

This is related to some extent to the effect of solar radiation on 

the ground surface. An important factor determining the current-

carrying capacity is the ambient temperature [16] – as the au-

thors note, it has been changing around the world in recent years 

and even in one country it may result in different permissible 

loads for the same cable systems. Very high air temperatures in 

summer may affect the drying out of the soil around the cables 

and, consequently, the deterioration of the current-carrying ca-

pacity of the cables, as discussed in [17]. The authors point out 

that in some regions the temperatures may exceed 50°C. High 

summer temperatures and solar radiation may result (following 

strong heating of the ground surface) in a significant increase in 

the temperature of the soil surrounding the cable – it affects the 

permissible current of this cable, which is also raised in [18]. In 

some cases, a forced cooling system is used to improve the ther-

mal conditions of buried power cables [19]. In advanced analy-

sis using the FEM-based Arrhenius thermal aging model in-

cluded in [20], the authors draw attention to the unfavourable 

thermal conditions of the cable environment as well. They point 

out possible solar irradiance and high ambient temperature lev-

els, which should be taken into account when determining the 

current-carrying capacity of cables. In [21], the FEM-based Ar-

rhenius approach is applied again; here, to assess the durability 

of cable lines exposed to thermal effects of a heating pipeline 

and several different types of pavements (for different levels of 

thermal conductivity, emissivity and solar absorptivity). Power 

cables may be laid in free air for some sections and exposed to 

direct solar radiation. This radiation is the source of the temper-

ature increase of the cable insulation [22], even if cables are laid 

in protective pipes [23]. Particularly strong exposure of electri-

cal installation elements, including cables, to high temperatures 

occurs in the case of photovoltaic (PV) systems, which are nu-

merically demonstrated in [24] and measured in [25]. Paper [26] 

notes that PV cable systems are exposed to harsh operating con-

ditions, among others, ultraviolet radiation and thermal stress. 

As a result, the cable insulation degrades, both in terms of elec-

trical and mechanical properties. To decrease the temperature of 

the PV modules, cooling systems are applied [27,28] – this may 

beneficially reduce the temperature of the cable connectors in 

these modules.  

A review of the literature and international standards allows 

us to draw the following conclusions: 

 analyses of the current-carrying capacity of power cables 

usually concern the case when these cables are laid in the 

ground; 

 previous studies have considered the direct impact of so-

lar radiation on outdoor cables to a limited extent, but 

with the increasingly widespread use of PV systems, this 

issue has become highly relevant and large-scale; 
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 ambient temperature of cables (initial temperature before 

current loading) for a given region of the world is usually 

assumed to be constant throughout the year, as specified 

in the standard [29], however, in real conditions for elec-

trical devices placed in the air, the ambient temperature 

can vary significantly throughout the day and throughout 

the year. 

In the context of the above-mentioned observations, a re-

search gap can be identified regarding a more detailed analysis 

of the thermal conditions of cables laid in the air – it is mainly 

about the direct impact of solar radiation and the daily-annual 

variability of ambient temperature. The exposure of cables to 

direct solar radiation, as well as the actual ambient temperature, 

is strongly related to the durability of cable insulation. It should 

be remembered that unexpected rapid ageing of this insulation 

reduces its insulating properties and may be the cause of fire and 

electric shock. 

Therefore, this paper, being a modified and extended version 

of the conference paper [30], presents the results of measure-

ments of daily-annual variability of ambient temperature for 

a selected region of Poland and the results of numerical calcula-

tions of the solar radiation effect. Based on this, sample scenar-

ios of cable temperature changes throughout the day for differ-

ent seasons are presented, enabling the assessment of the actual 

thermal exposure of cables in sunny locations. Having the ex-

pected temperatures of cable insulation throughout the year, 

their thermal durability is calculated. A correction factor for the 

current-carrying capacity of power cables is also determined to 

achieve insulation ageing at the rated level. 

The concept proposed by the authors, based on numerical 

modelling of solar radiation and taking into account daily and 

annual ambient temperature variations, is an alternative ap-

proach to the design of cable systems. This concept can be used 

when designing power systems located outdoors and exposed to 

solar radiation. 

2. Current-carrying capacity of cables and nume- 

rical calculations of the solar radiation effect 

2.1. Current-carrying capacity of power cables  

according to the standards 

The current-carrying capacity Idd of power cables/wires for low-

voltage systems can be determined based on the standards [6,7] 

and presented in the following simplified form [30]: 

 𝐼dd = √
Δ𝛩dd

𝑅𝑒𝑅𝑐
= √

𝜏dd−𝜏𝑜

𝑅𝑒𝑅𝑐
, (1) 

where: dd – the highest permissible temperature rise of the 

power cable, dd – the highest permissible long-term temperature 

of the power cable, o – ambient temperature, Re – electrical re-

sistance of the core of a power cable, Rc – thermal resistance 

related to the heat emitted by the cable to the environment. 

For further considerations, the key parameters in Eq. (1) are 

temperatures dd and o. The temperature dd is related to the in-

sulation material, and for polyvinyl chloride (PVC) insulated ca-

bles commonly used in electrical installations, it is dd = 70°C. 

For design purposes, the ambient temperature in Poland is as-

sumed to be o = 25°C [29], and it is stated that the analysed 

element of the electrical installation is not exposed to solar radi-

ation. Under such conditions, the maximum permissible temper-

ature rise is dd = 45 K (70°C – 25°C). In the case of solar 

radiation, the current-carrying capacity Idd should be corrected, 

taking into account the temperature rise of the conductor caused 

by this radiation. This is presented in the following relation: 

 𝐼dd-cor = √
Δ𝛩dd-cor

𝑅𝑒𝑅𝑐
= √

(𝜏dd−𝜏𝑜)−Δ𝛩𝑠

𝑅𝑒𝑅𝑐
, (2) 

where: Idd-cor ‒ current-carrying capacity of the cable with the 

effect of solar radiation, dd-cor – corrected permissible tem-

perature rise of the power cable, s – temperature rise of the 

power cable caused by solar radiation. 

The main difficulty in determining the current-carrying ca-

pacity according to Eq. (2) is calculating the temperature rise 

caused by solar radiation. This rise depends, among other things, 

on solar irradiance, which in turn depends on latitude, season 

and time of the day. The temperature rise of the conductors 

caused by solar radiation has been estimated based on the devel-

oped numerical model. 

2.2. Numerical calculations of the effect of solar radia-

tion on cables 

Numerical calculations were performed for a sample single-core 

low-voltage cable having a cross-sectional area of the core equal 

to 35 mm2 (a cable with copper conductors, insulation and 

a PVC sheath, 2 m long), which is buried for half its length and 

arranged in free air for the remaining half (Fig. 1).  

Since the ground surface is not perfectly smooth, a small ob-

stacle (0.1 m high) is modelled in front of the cable. Computer 

simulations are intended to show, among other things, the ca-

ble’s most vulnerable areas to overheating. The calculations 

 

Fig. 1. Temperature distribution around a vertically placed cable 

exposed to solar radiation. The cable is not loaded with current. 

Maximum temperature: 73.40°C [30]. 
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were performed for atmospheric conditions that often occur dur-

ing summer in Poland or at similar latitudes. The air temperature 

was assumed to be 25°C, and the soil temperature at a depth of 

1.2 m was taken as 12°C (consistent with geological data [31]). The 

calculations were performed for a wind speed of 1 m/s. The thermal 

conductivity of the soil was assumed to be 0.4 W/(m.K), which cor-

responds to a thermal resistivity of 2.5 (m.K)/W. It is considered to 

be quite unfavourable from the point of view of determining  

the continuous current-carrying capacity of power cables/wires 

[32,33]. The numerical model assumed solar radiation with an in-

tensity of 1000 W/m2 incident at an angle of 45° on the vertical ca-

ble – this angle reflects average summer conditions. The absorption 

coefficient of solar radiation for the cable insulation surface was set 

at 0.9. It was also assumed that the cable is not loaded with current. 

In this way, the effect of solar radiation alone on the cable temper-

ature rise can be determined.  

Stationary calculations were performed in Ansys Fluent, tak-

ing into account the effect of gravity. The k-ε standard turbulence 

model was used with the ‘enhanced wall treatment’ function acti-

vated, and ‘full buoyancy effects’ were enabled in the additional 

options to correctly model the effect of buoyancy during free con-

vection modelling. The energy equation was activated to model 

thermal phenomena and obtain the temperature distribution in the 

computational domain. Air density varied with temperature ac-

cording to the ideal gas equation of state. The airflow velocity was 

specified at the inlet, and the ‘pressure outlet’ boundary condition 

was applied at the outlet. 

The temperature of the warmest points of the cable is as high 

as 73.40°C (Fig. 1), even though the cable is not loaded with cur-

rent. The highest temperature area occurs just above the ground 

(the area above the ground is shielded from the wind by the afore-

mentioned 0.1 m obstacle) on the side facing the incident sun.  

Analysing the cable cross-section and the surrounding area at 

a height of 0.5 m above the ground, the simulation data shows that 

it is slightly over 51°C, which is significantly lower than for the 

section just above the ground, because air movement caused by 

the wind (cable cooling) is important. The exact temperature dis-

tribution in the cross-section at a height of 0.5 m is shown in Fig. 2. 

Numerical analyses indicate that solar radiation can cause 

a cable temperature rise of: 

• almost 50 K (73.40°C – 25°C) under very unfavourable con-

ditions (intense sunlight, cable surrounded by still air, e.g. in 

a roof recess), 

• 26 K (51°C – 25°C) under more favourable conditions (in-

tense sunlight, but cable is cooled by wind). 

The results of numerical analyses of the temperature increase 

of cable insulation caused by solar radiation were used to calculate 

the expected temperatures of this insulation for a selected region 

of Poland and assumed weather scenarios. The expected temper-

atures of the cables at specific times of day and year were used to 

determine the expected durability of the insulation. 

3. Annual ambient temperature variation 

and cable thermal rating  

Design calculations for cable current-carrying capacity and insu-

lation durability usually refer to standard temperature conditions, 

which are generally considered to be the highest possible (most 

unfavourable) during the considered period of operation of the 

electrical installation. Design assumptions are generally known 

and available, but actual temperature conditions can vary signifi-

cantly depending on the time of day and season. To provide a re-

alistic estimate of the assumed ambient temperature variability for 

power cables installed outdoors, the authors of the study compiled 

daily temperatures for 2024, considering three weather scenarios: 

 Scenario 1 (the most restrictive) – the highest tempera-

ture was assumed for each day considered; 

 Scenario 2 – the average temperature was assumed for 

each day considered; 

 Scenario 3 – the lowest temperature was assumed for 

each day considered. 

The data regarding ambient temperature comes from the 

Gdańsk Świbno weather station, in northern Poland, and was pro-

vided by the Institute of Meteorology and Water Management – 

National Research Institute (Instytut Meteorologii i Gospodarki 

Wodnej – Państwowy Instytut Badawczy, IMGW-PIB).  

As a result of the analysis of the distribution of the highest 

temperatures throughout the year (Scenario 1 – the most restric-

tive of those considered, Fig. 3), one warmest day was identified 

in each quarter of the year. The selected days and their tempera-

ture distributions are presented in Fig. 4 (bars ‘A’). It was then 

assumed that electric current flowing through the power cables is 

equal to the current-carrying capacity, resulting in a 45 K increase 

in the cable insulation temperature (bars ‘B’ in Fig. 4).  

Furthermore, it was assumed that for half of each quarter, solar 

radiation affects the power cables and causes a specific increase 

in insulation temperature – elevated ‘C’ columns relative to ‘B’ 

columns at selected times of the day. Table 1 provides, for exam-

ple, a detailed summary of temperatures on a given/selected 

warmest day in the third quarter of 2024 – this is a numerical rep-

resentation of the data from Fig. 4c. Column 2 in Table 1 contains 

a summary of the maximum hourly ambient temperatures based 

on meteorological data. Column 3 contains the cable insulation 

temperatures, assuming that the current flowing through the cable 

is equal to the current-carrying capacity – then the cable insulation 

  

Fig. 2. Temperature fields in the cable cross-section at a height  

of 0.5 m above the ground. The arrangement is as in Fig. 1. 

The cable is not subjected to any current. The maximum 

temperature in the analysed cross-section is 51.05°C. 
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temperature increase is 45 K. This corresponds to conditions with-

out solar radiation lasting half of the quarter (assumed to be  

45 days). In the case of solar radiation (the remainder of the 

quarter – also assumed to be 45 days), a further increase in insu-

lation temperature is assumed at individual hours (column 4 in 

Table 1; Note: there is no column 4 for days without solar radi-

ation). The resulting temperature values are shown in column 5. 

Similar calculations as in Table 1 were made for the remaining 

quarters of 2024. 

The rated durability of the insulation (Ln) is assumed to be 

25 years. The long-term permissible temperature dd for PVC in-

sulation is 70C. The temperature x was determined for each 

hour of the day (Fig. 4 and sample detailed data in Table 1), with 

45 days without solar radiation and 45 days with radiation at 

specific times assumed for each quarter.  

Based on the assumptions made above, the durability of the 

insulation at temperature x was calculated according to the fol-

lowing relationship: 

 𝐿𝑥 = 𝐿𝑛2
𝜏dd −𝜏𝑥

𝛥𝜏 , (3) 

where Ln is the rated insulation durability at temperature dd,  

dd – the highest permissible long-term temperature of the power 

cable, x – temperature other than the highest permissible long-

 

Fig. 3. The highest temperature for each day in 2024. Data from the IMGW-PIB Gdańsk Świbno station. 

Own elaboration based on data from IMGW-PIB [30]. 

a) b) 

           
 

c) d) 

             
 

Fig. 4. Daily variation of air and cable insulation temperatures for selected days of 2024 in each quarter (Scenario 1): a) March 31 b) June 30,  

c) August 30, d) October 10. Bars: A – air temperature (IMGW-PIB data from the Gdańsk Świbno measuring station); 

B – calculated temperature of cable insulation in places shielded from direct solar radiation, cable loaded with current (Idd); 

C – calculated temperature of cable insulation in places exposed to direct solar radiation, cable loaded with current (Idd) [30]. 
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term temperature,  – a change in temperature which causes 

a twofold change in the durability of the insulation (assumed 

8 K). Sample calculation results based on Eq. (3) are included in 

Table 2. 

Due to the estimated variation of the cable insulation tem-

perature over time, it is necessary to use the relationship for the 

resultant insulation durability: 

 𝐿tot =
1

∑ (
𝑡𝑖

𝐿𝑥𝑖
)𝑁

𝑖=1

, (4) 

where Lxi ‒ insulation durability corresponding to a given tem-

perature in the considered partial time interval ti, ti ‒ relative par-

tial interval of insulation operating time at a specific tempera-

ture. 

By applying Eq. (4), using the data presented in Fig. 4 and 

other assumptions, it was calculated that the insulation durabil-

ity for the analysed conditions is 17.1 years. The calculations 

show that the expected actual insulation durability is signifi-

cantly lower than the rated durability (25 years). Therefore, to 

maintain the rated insulation durability, the load should be re-

duced by 5.3% compared to the standard current-carrying capac-

ity of power cables in the analysed case. Table 3 presents the 

results of the current-carrying capacity correction, for example, 

PVC-insulated cables with data included in the standard [33]. 

This correction allows for reducing the temperature rise of the 

cables caused by the flowing current from 45 K to approxi-

mately 40 K, which is sufficient to achieve an insulation dura-

bility of 25 years.  

For a different weather scenario, the correction factor will 

have a different value and can be estimated based on tempera-

ture data for the analysed region of the country/world using the 

methodology presented in this study.  

In order to better illustrate the usefulness of the indicated 

calculation method for determining the correction factor, two 

further scenarios were used, based on the actual average temper-

atures (Scenario 2) and lowest temperatures (Scenario 3) from 

the Gdańsk Świbno station, and based on operating time at 

a specific temperature in the year 2024. 

Scenario 2 focuses on the use of average temperatures 

throughout each analysed day. The annual distribution of aver-

age (median) temperatures throughout the year is shown in 

Fig. 5. Similarly to Scenario 1, in Scenario 2, each representa-

tive day in each quarter was selected. The selection was based 

on the temperature in each quarter, as shown in Fig. 6.  

Bars ‘A’, ‘B’ and ‘C’ presented in Fig. 6 were determined 

similarly to Scenario 1. Based on the assumptions made in Sce-

nario 1, the insulation durability at a given temperature was cal-

culated. Example results are provided in Table 4. By applying 

Eq. (4) and the assumptions previously described, the resulting 

insulation durability is 35.31 years. The calculated durability is 

therefore significantly higher than the assumed rated durability 

of 25 years of the insulation.  

To fully utilise the technically assumed durability of cables, 

it is possible to increase the current-carrying capacity of power 

cables. For the assumed weather  Scenario 2,  the  current-carrying  

Table 1. Hourly temperature distribution (°C) for the warmest day 

in the third quarter of 2024 (Scenario 1) – representative day 2024-

08-30 (data from IMGW-PIB). Bars ‘A’, ‘B’, and ‘C’ from Fig. 4. 

 

Time  

of the 

day,  

h 

Ambient 

temp. 

(bars ‘A’), 

°C 

Temperature 

of the cable 

loaded with 

current (Idd), in 

places not ex-

posed to solar 

radiation (bars 

‘B’), °C 

Assumed in-

crease in ca-

ble tempera-

ture due to 

solar radia-

tion, °C 

Temperature of 

the cable loaded 

with current (Idd), 

in places exposed 

to solar radiation 

(bars ‘C’), °C 

0:00 19.5 64.5 0 64.5 

1:00 18.9 63.9 0 63.9 

2:00 18.4 63.4 0 63.4 

3:00 18.3 63.3 0 63.3 

4:00 18.2 63.2 0 63.2 

5:00 18.8 63.8 0 63.8 

6:00 21.7 66.7 0 66.7 

7:00 24.1 69.1 3 72.1 

8:00 25.0 70.0 6 76.0 

9:00 27.7 72.7 9 81.7 

10:00 29.9 74.9 12 86.9 

11:00 31.8 76.8 15 91.8 

12:00 32.5 77.5 18 95.5 

13:00 32.2 77.2 21 98.2 

14:00 25.3 70.3 24 94.3 

15:00 24.0 69.0 27 96.0 

16:00 23.8 68.8 24 92.8 

17:00 22.7 67.7 21 88.7 

18:00 22.4 67.4 18 85.4 

19:00 21.4 66.4 15 81.4 

20:00 20.7 65.7 12 77.7 

21:00 20.2 65.2 9 74.2 

22:00 19.5 64.5 6 70.5 

23:00 18.9 63.9 3 66.9 

 

Table 3. Correction of the current-carrying capacity of PVC-insu-

lated cables to achieve the rated insulation durability (25 years). 

Cables installed in locations exposed to solar radiation. Scenario 1.  

Cross-section of 

conductor, mm2 
2.5 2.5 4 4 6 6 

Number of loaded con-

ductors 
2 3 2 3 2 3 

Current-carrying capa-

city without correction, 

A (according to [33])  

23 19.5 31 26 39 33 

Correction factor 1⨯0.947 

Current-carrying capa-

city after correction, A 
21.8 18.5 29.4 24.6 36.9 31.3 

 

Table 2. Example calculation results based on Eq. (3); Scenario 1.  

Parameter Value Lx, year Comments 

τo, °C 29.9 − − 

τdd, °C 70 − − 

Δτ, K 8 − − 

Δτdd, K 45 − − 

τx1,°C 74.9 16.35 
places not exposed 
to solar radiation 

Δs, K 12 − − 

τx2, °C 86.9 5.78 
places exposed to 

solar radiation 
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capacity of power cables can be adjusted/increased by 4.1%. Ex-

ample values of the current-carrying capacity of power cables be-

fore and after applying the correction factor are given in Table 5. 

The next scenario, i.e. Scenario 3, is based on the use of the 

lowest temperatures throughout each considered day. It is the 

most optimistic and somewhat risky scenario. The annual distri-

bution of the lowest temperatures throughout the year is shown 

in Fig. 7. Similar to the previous two scenarios, each representa-

tive day in each quarter was selected.  

 

Fig. 5. The average temperature for each day in 2024. Data from the IMGW-PIB Gdańsk Świbno station. Own elaboration based on data from IMGW-PIB. 

a) b) 

           
 

c)  d) 

             

Fig. 6. Daily variation of air and cable insulation temperatures for selected days of 2024 in each quarter (Scenario 2):  

a) February 20, b) June 9, c) July 12, d) November 17. Bars: A – air temperature (IMGW-PIB data from the Gdańsk Świbno measuring  

station); B – calculated temperature of cable insulation in places shielded from direct solar radiation, cable loaded with current Idd;  

C – calculated temperature of cable insulation in places exposed to direct solar radiation, cable loaded with current Idd. 

Table 4. Example calculation results based on Eq. (3); Scenario 2.  

Parameter Value Lx (y) Comments 

τo, °C 22.1 − − 

τdd, °C 70 − − 

Δτ, K 8 − − 

Δdd, K 45 − − 

τx1, °C 67.1 32.14 
places not exposed to 

solar radiation 

Δs, K 12 − − 

τx2, °C 79.1 11.36 
places exposed to so-

lar radiation 
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The selection was based on the coldest day in each quarter, 

as shown in Fig. 8. Bars ‘A’, ‘B’ and ‘C’ presented in Fig. 8 

were determined similarly to Scenario 1 and Scenario 2. Based 

on the assumptions made in the example presented, the insula-

tion durability at a given temperature was calculated. The results 

of a sample calculation are provided in Table 6. The resultant 

durability of insulation was obtained as 81.23 years. Similarly 

to Scenario 2, the resulting durability of insulation is higher than 

the rated durability of 25 years. Hence, it is possible to increase 

the current-carrying capacity of power cables by as much as 

12.4%. Further, theoretically, it is possible to introduce a correc-

tion (in this case a significant increase) of the current-carrying 

capacity (Table 7). 

It is obvious that for scenarios 2 and 3 there is no need to 

correct/increase the current-carrying capacity – it can remain at 

the normative level (to maintain a high margin of safety).  

The presented results should be interpreted with consideration 

of the uncertainty associated with the adopted input data and mod-

elling assumptions. First, the numerical analysis was performed 

for a selected set of environmental conditions, including air tem-

perature of 25°C, soil temperature of 12°C, wind speed of 1 m/s, 

solar irradiance of 1000 W/m2, solar incidence angle of 45°, soil 

thermal conductivity of 0.4 W/(m·K), and solar absorptivity of the 

cable surface equal to 0.9. Therefore, the obtained temperature 

rises should be treated as representative for the assumed scenario 

and may vary under different local operating conditions. 

An additional source of uncertainty results from the simplifi-

cations adopted in the numerical model. The calculations were 

carried out as steady-state simulations using the standard k-ε tur-

bulence model with enhanced wall treatment and full buoyancy 

effects. In real outdoor conditions, however, airflow and solar ex-

posure reveal transient behaviour and may change over short peri-

ods. Consequently, the model should be regarded as an engineering 

approximation of the thermal effect rather than reproducing every 

instantaneous operating condition exactly. The uncertainty of the 

cable’s durability calculations is also related to the adopted 

Table 5. Correction of the current-carrying capacity of PVC-insu-

lated cables to achieve the rated insulation durability (25 years). 

Cables installed in locations exposed to solar radiation. Scenario 2.  

Cross-section of 

conductor, mm2 
2.5 2.5 4 4 6 6 

Number of loaded con-

ductors 
2 3 2 3 2 3 

Current-carrying capa-

city without correction, 

A (according to [33])  

23 19.5 31 26 39 33 

Correction factor 1⨯1.041 

Current-carrying capa-

city after correction, A 
23.9 20.3 32.3 27.1 40.6 34.4 

 

 

Fig. 7. The lowest temperature for each day in 2024. Data from the IMGW-PIB Gdańsk Świbno station. Own elaboration based on data from IMGW-PIB. 

Table 6. Example calculation results based on Eq. (3); Scenario 3.  

Parameter Value Lx, year Comments 

τo, °C 9.9 − − 

τdd, °C 70 − − 

Δτ, K 8 − − 

Δdd, K 45 − − 

τx1, °C 54.9 16.35 
places not exposed 
to solar radiation 

Δs, K 6 − − 

τx2, °C 60.9 54.99 
places exposed to 

solar radiation 

 

Table 7. Correction of the current-carrying capacity of PVC-insu-

lated cables to achieve the rated insulation durability (25  years). 

Cables installed in locations exposed to solar radiation. Scenario 3.  

Cross section of conduc-

tor, mm2 
2.5 2.5 4 4 6 6 

Number of loaded  

conductors 
2 3 2 3 2 3 

Current-carrying capa-

city without correction, 

A (according to [33])  

23 19.5 31 26 39 33 

Correction factor 1⨯1.124 

Current-carrying capa-

city after correction, A 
25.9 21.9 34.8 29.2 43.8 37.1 
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thermal-ageing model. In particular, the insulation lifetime was 

estimated using the assumed temperature interval causing a two-

fold change in durability, equal to 8 K, and by applying repre-

sentative daily temperature profiles for selected quarters of the 

year. Thus, the calculated insulation lifetime/durability should be 

interpreted as an estimate of expected long-term thermal exposure 

under the assumed scenarios, rather than as an exact prediction for 

every installation site. Despite these limitations, the proposed 

methodology remains useful for engineering analysis because it 

captures the dominant factors affecting free-air cable thermal 

loading, namely solar radiation and time-varying ambient tem-

perature. The results are therefore suitable for comparative as-

sessments, conservative design studies, and the determination of 

practical correction factors for cable current-carrying capacity. 

4. Conclusions 

The standard and practical determination of the current-carrying 

capacity of power cables assumes a constant design ambient 

temperature throughout the year. The authors of this paper, how-

ever, have proposed an alternative approach based on daily-an-

nual variability of ambient temperature with a step of one hour, 

and accounting for the  direct solar radiation. 

The presented method for determining the expected cable 

temperature and associated insulation durability can be applied 

to electrical installations located in selected regions of the coun-

try or world, knowing, among other things, the local daily and 

annual ambient temperature variability. Taking into account lo-

cal weather conditions, including expected solar radiation, al-

lows for an estimate of cable insulation durability that is close 

to this realistic one. The approach proposed is particularly suit-

able for electrical installations placed on the facade or roof of 

a building. 

The results obtained clearly demonstrate that solar radiation 

may significantly affect the thermal conditions of power cables 

installed in free air, which is consistent with previous findings 

reported in the literature. According to the obtained numerical 

modelling results, the authors’ study indicates that under unfa-

vourable local conditions (e.g. limited airflow), the temperature 

rise may reach values of up to 50 K above the ambient, which is 

comparable to or even exceeds typical design assumptions used 

in standard approaches. 

In comparison with studies focusing on underground cables, 

where the thermal behaviour is strongly governed by soil prop-

erties and relatively stable boundary conditions, cables installed 

in free air are subject to much higher variability of environmen-

tal parameters. This variability is particularly related to insola-

tion level, as well as daily and seasonal changes in ambient tem-

perature, which are usually not taken into account in standard-

based calculations (e.g., IEC 60287), where constant ambient 

temperature is assumed.  

The results obtained in this paper are also consistent with 

other studies analysing the effect of ambient temperature pro-

files on cable current-carrying capacity, which indicate that the 

a) b) 

           
 

c)  d) 

             
 

Fig. 8. Daily variation of air and cable insulation temperatures for selected days of 2024 in each quarter (Scenario 3): a) January 8, b) April 21,  

c) September 30, d) November 23. Bars: A – air temperature (IMGW-PIB data from the Gdańsk Świbno measuring station); 

B – calculated temperature of cable insulation in places shielded from direct solar radiation, cable loaded with current Idd; 

C – calculated temperature of cable insulation in places exposed to direct solar radiation, cable loaded with current Idd. 
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use of constant design temperature may lead to inaccurate esti-

mation of permissible current. However, the present study ex-

tends this approach by combining real hourly temperature data 

with the effect of solar radiation and linking these thermal con-

ditions directly with insulation ageing. 

The contribution of this work is the analytical evaluation of 

insulation durability under realistic operating conditions. While 

previous studies have mainly focused on temperature distribu-

tion or current-carrying capacity calculations, the present ap-

proach demonstrates that neglecting natural environmental var-

iability may lead to a substantial reduction of insulation life-

time/durability (e.g. from 25 years to 17.1 years in the most re-

strictive scenario). This finding highlights the importance of 

considering both solar radiation and time-dependent ambient 

temperature in the design of outdoor electrical installations. 

Furthermore, the proposed methodology allows for the de-

termination of current-carrying capacity correction factor levels 

based on actual climatic data. This represents an advancement 

over standard approaches, which typically do not provide tools 

for such adjustments under variable environmental conditions. 

The obtained correction values (from approximately −5.3% to 

+12.4%, depending on the scenario) indicate that both conserva-

tive and optimised design strategies can be developed using the 

presented method. 

Among the presented scenarios/assumptions for calculating 

the resultant durability of insulation of power cables, the meas-

urement data leading to the determination of the lowest durabil-

ity should be selected. Regarding the data analysed by the au-

thors, it is suggested to adopt Scenario 1 (the most restrictive, 

but the safest) as a representative scenario for determining the 

current-carrying capacity of cables. If the cable system is criti-

cal, one may consider analysing historical temperature data from 

the last few years and taking the least favourable year. 
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