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POVECANJE TRAJNO DOZVOLJENOG OPTERECENJA
PODZEMNIH ELEKTROENERGETSKIH KABLOVA
PRIMENOM FOTONAPONSKIH TROTOARA

INCREASING THE AMPACITY OF UNDERGROUND POWER CABLES
BY AN APPLICATION OF PHOTOVOLTAIC PAVEMENTS

Dardan KLIMENTA', Miroljub JEVTIC,
University of Pristina in Kosovska Mitrovica, Kosovska Mitrovica, Serbia,

Jelena KLIMENTA,
Independent Consultant in the Field of Urban and Spatial Planning, Nis§, Serbia,

Bojan PEROVIC,
University of Pristina in Kosovska Mitrovica, Kosovska Mitrovica, Serbia

Ovaj clanak pokazuje da se znacajno povecanje trajno dozvoljenog opterecenja nekog
podzemnog kablovskog voda moZze postici ako se na celoj duzini istog primeni fotonaponski trotoar u
kombinaciji s ventilacionim kanalom i ako se kablovski rov kompletno ispuni termicki stabilnom
posteljicom s ciljem da se poboljsSa odvodenje toplote od kablovskog voda. Dodatna prednost
koris¢enja fotonaponskog trotoara je to Sto proizvodi elektricnu energiju. Ovaj clanak razmatra i ovo
pitanje. Studija slucaja koja ukljucuje 110 kV kablovski vod predstavijena je s ciljem da se pokaze
kako brzina vazduha u ventilacionom kanalu i solarna iradijansa uticu na trajno dozvoljeno
opterecenje 110 kV kablovskog voda. U razmatranoj studiji slucaja dobijeno je da se trajno
dozvoljeno opterecenje mozZe znacajno povecati. Ovo je provereno numericki primenom metode
konacnih elemenata u COMSOL-u.

Kljucéne reci: elektroenergetski kabl; fotonaponski trotoar; metoda konacnih elemenata; trajno
dozvoljeno opterecenje; ventilacioni kanal

This article shows that a significant increase in the ampacity of an underground cable line can
be achieved, if a photovoltaic pavement in combination with a ventilation channel is applied along the
entire length of the line, and if the cable trench is completely filled with thermally stable bedding in
order to improve the conduction of heat away from the cable line. An additional advantage of using
the photovoltaic pavement is that it generates electricity. The present article examines this issue as
well. A case study involving a 110 kV cable line is presented to show how the velocity of the air in the
ventilation channel and solar irradiance affect the ampacity of the 110 kV cable line. In the
considered case study, it is found that the ampacity can be significantly increased. This is verified
numerically using the finite-element method in COMSOL.

Key words: ampacity; finite-element method, photovoltaic pavement; power cable; ventilation
channel

1 Introduction

Surface temperatures of a photovoltaic (PV) pavement can be lower by 11-15 °C and 13-18 °C,
respectively, compared with surface temperatures of conventional asphalt pavements and surrounding
soils [1]. This can be used in power cable engineering to increase the ampacity of underground power
cables. In connection with this, the thermal conductivities of the ethylene-vinyl acetate (EVA) layers
in PV pavements are usually lower than the thermal conductivities of thermally stable bedding materi-
als [2-5], and PV cells generate heat along with electricity. In particular, these thermal conductivities
and heat sources represent barriers to conductive heat transfer between the cables and the earth sur-
face, while the cable bedding represents a conductive path between them. The effect of thermal con-
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ductivities of EVA composite encapsulants can be effectively eliminated by filling the EVA with the
thermally conductive fillers [2,3], and the effect of heat generated in the PV cells can be reduced with
a ventilation channel or a system for forced cooling. In this paper, the effect of cable bedding size is
not considered because it is assumed that the trench is completely filled with bedding, that there is a
ventilation channel in the trench and that the surface of the trench is paved with PV floor tiles.

When PV cells are not exposed to sunlight, they do not generate electricity. In that case, a PV
pavement behaves as a cool pavement, and the experimental results from [4,5] can be used to analyze
the effect of the equivalent thermal conductivity of the PV pavement on the conduction of heat from a
cable (or cables) to the earth surface. These experimental data refer to the cool pavements, and were
obtained by laboratory simulations using a physical model of an underground cable. This means that
during the execution of the experiments, there was no effect of solar radiation on the experimental
apparatus. According to [1] the thermal emissivity of the PV pavement surface is 0.89 and is compara-
ble to the thermal emissivities of the cool pavements from [4,5], which amounted to between 0.9 and
0.94. In this manner, it is ensured that there is an experimental background required for performing
simulations using small- and large-size FEM-based models in COMSOL. The small-size model corre-
sponds to the experimental apparatus from [4,5], while the large-size model corresponds to a case
study of a 110 kV underground cable line in combination with the PV pavement and ventilation chan-
nel.

The thermal effects of the solar absorptivity of the PV pavement surface and convection in the
ventilation channel on the ampacity of 110 kV cable line are quantified through the mentioned case
study. In this case study, the effect of the most unfavorable ambient conditions during the summer
period is considered. The results obtained for the 110 kV cable line installed parallel to the PV pave-
ment and ventilation channel are compared with the corresponding results obtained in [4] for the same
line installed parallel to the cool pavements. In addition, on the basis of experimental data for PV
pavements from [6,7], four additional operation regimes for the given 110 kV cable line are formulat-
ed and considered. Finally, it is established that the ampacity of the 110 kV underground cable line
can be significantly increased if the earth surface above the line is covered with PV floor tiles ventilat-
ed by forced convection.

2 Experimental background and validation of the method

Since the thermal emissivities of PV pavements are similar to the thermal emissivities of con-
crete surface, acrylic white paint and acrylic black paint, it is evident that the experimental results
reported in [4,5] can be used as an experimental background for the purposes of this paper. This ap-
plies only when PV cells are not exposed to sunlight and when the equivalent thermal conductivity of
a PV pavement is close or equal to the thermal conductivity of concrete blocks of 1.3 W-m™-K™' [4,5].
The main function of the experimental apparatus was to simulate the effects of the thermal emissivity
£ and solar absorptivity « of the different pavement surfaces on the thermal environment of an under-
ground power cable under known ambient conditions in a laboratory; where the effect of the inner
walls of that laboratory was equivalent to the effect of solar irradiance. Some photographs of the ex-
perimental apparatus are shown in Figure 1. The photographs illustrate the following: (a) power sup-
ply and all used devices, (b) pavement made of concrete blocks, (¢) concrete pavement coated with
acrylic white paint, and (d) concrete pavement coated with acrylic black paint.

In the experiments, an uninsulated copper pipe reproduced the cable, a round tubular heater
(having a total nominal power of 800 W) reproduced sources of heat in the cable, river sand repro-
duced the cable bedding, 65-mm-thick concrete blocks reproduced the pavement, and inner surfaces of
the container represented the bedding edges. The container was made from a used refrigerator, filled
with river sand up to 75 mm below its top edges, and covered with concrete blocks. For all the outer
surfaces of the container (except for the upper surface of the pavement), the heat transfer coefficient
amounted approximately to 3 W-m™>-K"'. The heater was connected to the low-voltage power supply
network by means of a temperature regulator and an auxiliary relay. The space between the heater and
the inner surface of the copper pipe was filled with mineral motor oil. The J-type thermocouples were
installed on the copper pipe in four different locations (one in the air, and three in the sand), including
the inner lateral surface of the container, the lower surface of the pavement, the upper surface of the
pavement, and the air surrounding the apparatus [4]. The first thermocouple was connected to the
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measuring input of temperature regulator, while the other seven thermocouples were connected to a
data acquisition system. The data acquisition system was connected to a laptop in order to collect the
measured temperatures. Temperatures of the outer lateral surfaces of the container were measured by
an infrared thermometer [4]. More details on these experiments can be found in [4,5]. The schematic
diagram of the experimental apparatus is also given in the aforementioned papers.

Microprocessor-based temperature regulator NIGOS 1011P

Power Bl SCHRACK multimode
supply relay MT 326230

Analog

Laptop with
b3 multi-meter

software

Digital Data acquisition
(a) multi-meter system Agilent 349704 || (b)

Figure 1. Photographs of the experimental apparatus: (a) power supply and devices, (b) apparatus
with a grey surface, (c) apparatus with a white surface, and (d) apparatus with a black surface.

The references [4] and [5] provide more details related to the experimental results, measurement
procedure, governing equation, boundary conditions, heat sources and other material properties.

If the pavement from the aforementioned experiments is replaced by a sandwich composed of
21.18-mm-thick PV floor tiles and 43.82-mm-thick concrete blocks, a structure of identical thickness
would be obtained. In this case, PV floor tiles would represent the PV pavement, and the concrete
blocks would represent its base layer. A computational domain of small-size corresponding to such
experimental apparatus and the cross-section of the considered PV floor tile are given in Figures 2a
and 2b, respectively. The thermal conductivities of the materials appearing in Figure 2a are given in
[4,5], while the equivalent thermal conductivity of the PV floor tile in Figure 2b is 1.02 W-m™"-K™".

The results obtained by simulating the temperature field distribution over the computational
domain in Figure 2a are reported in Table 1. This table outlines the simulation results obtained for the
actual laboratory conditions from [4,5], i.e. for temperature of the surrounding air 7,=23 °C, wind
velocity v,=0 m's”', coefficient which takes into account heat transfer due to convection between the
PV pavement surface and the surrounding air #=7.382 W-m™K™" and solar irradiance Q5,=0 W-m™.
According to [6,7], the thermal emissivity and solar absorptivity of the upper surface of the considered
PV floor tiles are 0.89 and 0.927, respectively. Based on these values, it is obvious that the simulation
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results obtained for the PV floor tiles can be compared with the experimental results obtained in [4,5]
for the concrete pavement coated with acrylic black paint. The temperature differences between the
simulation results and corresponding experimental values are listed in Table 2.

0.02118 PV floor tile, k,=1.02 W-m K1
—Anti-slip front tempered
5 glass, k,=0.98 W-m-K-!
—4—0.002 River sand ;
0.001 —PV cells, k,=148 W-mLK!
=2
§ —EVA encapsulation,
3 k,=2.85 WmrK!
E All dimensions < f
= e in meters - 8 10_01 w©
] T 2 g
<] s = =
S| | Jo.o1 =
— Rear tempered glass,
O/ Copper pipe k,=0.98 W-m 1K
0.022 -
'1:—6—6 -3 Polystyrene —EVA encapsulation,
: Low-carbon steel k=285 Wm K"
0.057 Polyurethane foam All dimensions in meters and
k, is the thermal conductivity in Wm'K-!
0.6
(a) (W]

Figure 2. (a) Computational domain of small-size corresponding to the experimental apparatus with
PV floor tiles, and (b) PV floor tile configuration.

Table 1. Simulation results obtained using the computational domain in Figure 2a
for the actual laboratory conditions.

PV pavement surface Temperature [°C]
Experiment Emissivity [—] Copper pipe Lower surface of | Upper surface of
concrete blocks PV floor tiles
1 0.89 60 26.02 24.77
2 0.89 65 26.42 25.01
3 0.89 70 26.83 25.25

Table 2. Temperature differences between the values calculated for the domain in Figure 2a and the
experimental values obtained for the concrete pavement coated with acrylic black paint.

PV pavement surface Temperature difference [°C] *
Experiment Emissivity [—] Copper pipe Lower surface of | Upper surface of
concrete blocks PV floor tiles
1 0.89 -1.0 -0.78 -1.13
2 0.89 -0.8 -0.88 -1.29
3 0.89 -0.7 -0.27 -0.65

* Temperature differences are calculated for the actual laboratory conditions.

When the simulation results from Table 1 are compared with the corresponding experimental
data in [4,5], the following observations can be made: (i) For each temperature of the copper pipe,
under known laboratory conditions, approximately the same temperature distribution is obtained re-
gardless of the type of the pavement surface. (ii) The calculated temperature of the copper pipe is low-
er by 0.7-1.0 °C than the corresponding average temperature of the copper pipe obtained for the black
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concrete-pavement surface. (iii) The difference between the calculated temperature of the lower sur-
face of the concrete layer below the PV floor tiles and its corresponding value measured for the black
concrete-pavement surface ranges from -0.27 °C to -0.88 °C. (iv) The difference between the calculat-
ed temperature of the upper surface of the PV floor tiles and its corresponding value measured for the
black concrete-pavement surface ranges from -0.65 °C to -1.29 °C. The first observation is based on
approximately equal values for the emissivity of the considered surfaces, while the remaining three
observations indicate a satisfactory level of accuracy on account of the created model.

The thermal effect of the laboratory interior on the upper surface of the PV floor tiles in the ex-
perimental apparatus would be equivalent to the thermal effect of outdoor solar radiation. For the up-
per surface of the PV pavement the product a-Qs, equals 388.17 W-m™. This means that the results
from Table 1 would also be obtained in the case that the experimental apparatus was located outdoors
and that the solar irradiance Qs corresponding to the previously given product o-Qs, was incident on
the pavement surface. If O, was 0 W-m™, significantly lower temperatures would correspond to each
particular case from Table 1. More details related to this issue can be found in [4,5].

3 Computational domain of large-size

Computational domain of large-size which will be used for confirmation of the initial assump-
tion that the ampacity of underground power cables can be increased by the PV pavement is shown in
Figure 3a. The considered cables are of the type AXLJ 1x1000/190 mm* 110 kV, and the dimensions
of their structural elements are given in Figure 3b. Abbreviations appearing in Figure 3 have the fol-
lowing meanings: XLPE — cross-linked polyethylene, PE — polyethylene and HDPE — high-density
polyethylene.

PV pagement - E Semi-conducting XLPE
. oncrete S| g a . .
Wind Styrodur | < Grassy earth Semi-conducting PE
—— < _ surface Copper

% Y Aluminium

z =

8

=i

2 Ventilation

-g channel

= w; ol =

U H

g = | cable & g

= bedding = =)

3 ° |z
p 110 KV c
b Q

**************

19.4 Dke— d,/2=19.2 mm -
«—— d,/2=20.95 mm —
d;/2=34.05 mm —
d,/2=35.05 mm —
d5/2=35.65 mm —

5 P d/2=37.55 mm —
i 19.9157 b d,/2=38.15 mm —
! b d5/2=38.35 mm —

40.0 dy/2=42.15 mm —

Native
soil

@ (b)

Figure 3. (a) Computational domain of large-size, and (b) dimensions of the construction
elements of the AXLJ 1x1000/190 mm’ 110 kV cable.

Figure 3a shows the computational domain for the case when the cable trench is completely
filled with the bedding material. Compared with the computational domain in Figure 2a, the dimen-
sions of the domain in Figure 3a are large and selected in accordance with the rule saying that external
boundaries of a computational domain should be positioned in places where the constant temperature
and homogenous boundary conditions are satisfied simultaneously [8].
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For the purposes of simulations using the COMSOL Multiphysics software, the AXLJ
1x1000/190 mm* 110 kV cables are modeled by an equivalent construction composed of the alumini-
um conductor, XLPE insulation, copper screen and outer PE sheath with outer diameters d;, ds, dg and
do, respectively. According to [8], the equivalent construction is created in the following manner: (i)
the semi-conducting screens and swelling tapes under the metal screen are added to the block repre-
senting the XLPE insulation; and (ii) the swelling tapes over the metal screen and water-sealing alu-
minium layer are modeled by an equivalent metal screen with thermal properties of copper. The outer
diameters d;-dy are indicated in Figure 3b.

4 Steady-state operation regimes

FEM simulations of steady-state temperature distribution over the domain in Figure 3a are con-
ducted for the following eight cases of operation regimes:

1. Temperature of the air contacting the earth surface 7,40 °C, wind velocity v,=0.22 ms”, solar
irradiance Q5,=1000 W-m™, power output of one PV floor tile 0.~19.92 W, equivalent volume
power of heat sources in the PV floor tiles O0p,=40005.7 W-m~, heat transfer coefficient due to
convection between the PV floor tiles and the air /p,=8 W-m’z-K'l, heat transfer coefficient due
to convection between the grassy earth surface and the air hgg—12.654 W-m?2K", velocity of
the air in the ventilation channel (i.e. interior air) v,=0 m-s™, heat transfer coefficient due to
convection between the upper surface of the ventilation channel and the interior air 4.,=1.82
W-m'z-K'l, heat transfer coefficient due to convection between the bottom surface of the ventila-
tion channel and the interior air /.,=4.795 W-m'z-K'l, and heat transfer coefficient due to con-
vection between the lateral surfaces of the ventilation channel and the interior air 4.~4.074
W-m>K".

2. T,=40 °C, v,=0.22 m's”, Q5,=1000 W-m?, 0.=19.92 W, 0p;=40005.7 W-m", hp=8 W-m>-K",
hoes=12.654 W-m>K"', v,=0.5 m:s™, h,=2.159 W-m>K", h,=6.413 W-m>K", and h.=5.459
W-mZK™"

3. T,=40 °C, v,=0.22 m's™", O5,=1000 W-m?, 0.~19.92 W, 0p;=40005.7 W-m™, hpy=8 W-m*-K™,
hoes=12.654 W-m>K", v,=1 ms™, h,=2.543 W-m*K", h,=7.55 Wm>K", and h.,=7.233
W-m=K™".

4. T,=40°C, v,=0.22 m's”, Q5,=1000 W-m?, 0.=19.92 W, 0p;=40005.7 W-m", hp=8 W-m>-K",
hoes=12.654 W-m>K™', v,=2 ms", h,=3.312 Wm™>K", ©,=9.392 W-m>-K", and 4.~=10.915
W-mZK™"

5. T,=25°C,v=0 ms”, O5=1000 W-m?, Q,~21.2 W, 0p=39764.4 W-m™, hp;=6.782 W-m*-K ™,
hops=11.4 W-m™>K"', v,=1 ms", h,=2.543 W-m™>K", h,=7.55 Wm™>K", and h,~=7.233 W-m’
2 -1
K.

6. T,=25°C,v/=0 ms", 05=960 W-m~, 0,~20.5 W, 0p=38149.2 W-m”, hp;=6.782 W-m>-K ™,
hops=11.4 W-m>K™', v,=1 ms", h,=2.543 W-m>K", h,=7.55 W-m>K", and h,~=7.233 W-m’
2 -1
X

7. T,=25°C, v/=0 ms”, Q5,=863 W-m?, 0.,~18.6 W, Qp=34258.7 W-m™, hp=6.782 W-m>-K",
hops=11.4 W-m™> K", v,=1 ms”, h,=2.543 W-m>K", h,=7.55 Wm™>K", and h,~7.233 W-m’
2 -1
K.

8. T,=25°C, v=0 ms”, Qs5,~615 W-m?, Q.,=13.7 W, 0p=24324.8 W-m, hp;=6.782 W-m>-K ",
hops=11.4 W-m>K™', v,=1 ms", h,=2.543 W-m>K", h,=7.55 W-m>K", and h,~=7.233 W-m’
2 -1
X

The remaining parameters which are the same for all of these operation regimes are as follows:
equivalent thermal conductivity of the PV floor tiles kp=0.8555 W-m™-K"', continuously permissible
temperature of the considered XLPE cables 7,,=90 °C, thermal emissivity of the upper surface of the
PV floor tiles £,=0.89, thermal emissivity of the grassy earth surface £;55=0.94, solar absorptivity of
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the upper surface of the PV floor tiles ap;=0.927, solar absorptivity of the grassy earth surface
aes=0.6, thermal conductivity of the cable bedding in a dried-out state k.,=1 W-K!'m", thermal con-
ductivity of the native soil in a dried-out state k,,=0.4 W-K'm", thermal conductivity of concrete
k=13 W-m"-K"', thermal conductivity of styrodur k,=0.033 W-m-K™", thermal conductivity of alu-
minium k,=239 W-m"-K", thermal conductivity of XLPE ky;pz=0.286 W-m™-K", thermal conductivi-
ty of copper k¢, =385 W-m‘l-K'l, and thermal conductivity of PE kpz=0.286 W-m' K"

The values of the coefficients 4., 4., and A are estimated using empirical correlations from [9]
for the case that the difference between the temperature of the channel walls and the temperature of the
interior air is 10 °C. The first four operation regimes are chosen so that the obtained results are compa-
rable to the results obtained for traditional and cool pavements in [4], while the remaining four are
chosen to demonstrate how the solar irradiance affects the conduction of heat from cables to the earth
surface. It is also assumed that the thickness of the structure composed of PV floor tiles, concrete and
styrodur (thermal insulation) equals 0.17118 m for each of the eight cases and that there are grassy
areas on the both sides of the PV pavement.

5 Results and discussion

In order to generalize the results obtained for the small-size domain, the large-size FEM-based
model with 110 kV cables was created and represented geometrically in Figure 3a. For the purposes of
determining the ampacity of the 110 kV cable line 7, two sequences of simulations over this compu-
tational domain are performed. The first sequence of simulations is performed with the solar irradiance
of 1000 W-m™ and the following four velocities of the air in the ventilation channel: 0, 0.5, 1 and 2
m-s” (operation regimes 1-4). The second sequence of simulations is performed with the velocity of
the air in the ventilation channel of 1 m-s™ and the following four values of the solar irradiance: 1000,
960, 863 and 615 W-m™ (operation regimes 5-8). The values for the volume power of heat sources O,
are gradually increased from an arbitrary prescribed initial value (for instance 1.5 kW-m™) to its con-
tinuously permissible value (corresponding to the temperature 7,,=90 °C). Then, these volume powers
of heat sources and the corresponding equation from [4] are used to calculate the cable ampacities.
The results corresponding to the first and second sequences of simulations are given in Tables 3 and 4,
respectively.

Table 3. Volume powers of heat sources in cables’ conductors Q, and ampacities 1., calculated for a
constant solar irradiance Qs,=1000 W-m™ and different velocities of the interior air v,;.

Thermal environment del-] | va[ms'] |0, [W-m?] 1, [A]
Figure 3a + operation conditions 1 1.042 0.0 15045 652.608
Figure 3a + operation conditions 2 1.042 0.5 15285 657.793
Figure 3a + operation conditions 3 1.042 1.0 15405 660.370
Figure 3a + operation conditions 4 1.042 2.0 15545 663.364

Table 4. Volume powers of heat sources in cables’ conductors Q, and ampacities 1., calculated for

. . . . . R . 1
different solar irradiances Qs and a constant velocity of the interior air v,;=1 m-s".

Thermal environment del-]| Os [Wm?] |Q, [Wm™]| I,[A]
Figure 3a + operation conditions 5 1.042 1000 19425 741.544
Figure 3a + operation conditions 6 1.042 960 19620 745.257
Figure 3a + operation conditions 7 1.042 863 20085 754.037
Figure 3a + operation conditions 8 1.042 615 21310 776.691

For the large-size domain, base values for O, and [, are selected in such a manner so that they
correspond to surface radiation properties of the traditional asphalt-pavement (« and &) from [4],
thermal conductivity of the asphalt k,=1.2 W-K™-m™" and continuously permissible temperature of the
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cables 7,,=90 °C, as follows: 0,=11260 W-m™ and 1,=564.58 A. All required input parameters are
constant and specified in [4].

Concerning the quantification of the effect of the PV pavement in combination with the ventila-
tion channel on the ampacity of the considered 110 kV cable line, the following can be observed: (i) In
comparison with the base case (traditional asphalt-pavement), the PV pavement in combination with
the ventilation channel can increase the ampacity of the considered 110 kV cable line by 95.79 A
when v,=1 m-s" and Q5,=1000 W-m™. (ii) The decrease in the temperature of the air contacting the
earth surface from 40 to 25 °C can additionally increase the cable ampacity by 81.174 A when v,~1
m-s” and Q5,=1000 W-m™. (iii) The increase in the velocity of the interior air from 0 to 2 m-s”" can
increase the cable ampacity by only 10.756 A when Q5,~1000 W-m™. (iv) The decrease in the solar
irradiance from 1000 to 615 W-m™ can increase the cable ampacity by 35.147 A when v,=1 m-s™.
This means that the cable ampacity can be significantly increased if the traditional asphalt-pavement is
replaced by the PV pavement in combination with the ventilation channel and if the cable trench is
completely filled with the bedding material.

In addition to these observations, it is interesting to demonstrate whether the PV pavement can
lead to an increase in the cable ampacity if there is no ventilation channel in Figure 3a. The best way
to do this is to compare the temperature distribution corresponding to such a computational domain
with the temperature distribution corresponding to the base case taken from [4]. In order for these
computational domains to be comparable, it is assumed that the total thickness of the PV pavement
and the concrete layer below it is 0.05 m and that the same operation conditions apply as in the case of
the base case. The isotherms of 50, 60 and 70 °C which are obtained by simulation of the steady-state
temperature distribution over these two domains are presented in Figures 4 and 5. Figure 4 shows the
isotherms generated within the domain corresponding to the base case, while Figure 5 shows the iso-
therms generated within the domain with PV pavement and no ventilation channel.

surface: Temperature [°C] Contour: Temperature [°C] Subdomain marker: Temperaturs [°C] Max: §9.996  Max: 70,0
e

1 T 0 » 70

60

¥ [m]

[

.H.QQSTIQ

25 2 -1.5 -1 0.5 0 0.5 1 1.5 2 2.5 E bl 50
X [m] Min: 44,527 Min: 50.0

Figure 4. Temperature distribution over the computational domain corresponding to the base case.

Based on the results shown in Figures 4 and 5, for the same cable ampacities, it is more than ev-
ident that the temperature of the cables’ conductors cannot be decreased below the continuously per-
missible temperature 7,,=90 °C using only the PV pavement (without a ventilation channel). Accord-
ing to these two figures, the maximum conductor temperature of cables in Figure 5 is higher by 4.63
°C than the temperature 7,,. When this maximum temperature is equal to 90 °C, the cable ampacity
corresponding to the case with the PV pavement is lower by 36.263 A than the cable ampacity corre-
sponding to the base case (i.e. than /,=564.58 A).
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Figure 5. Temperature distribution over the computational domain with PV pavement and no ventila-
tion channel, which is equivalent to the one corresponding to the base case.

6 Conclusions

The main conclusions that can be drawn from the presented results and discussion are:

e Using the PV pavement and ventilation channel, compared to the base case, the ampacity of the
considered 110 kV underground cable line can be increased by 98.784 A when the velocity of
the air in the ventilation channel is 2 m-s" and when the solar irradiance is 1000 W-m™.

e Using only the PV pavement without a ventilation channel, the ampacity of the considered 110
kV underground cable line cannot be increased above the ampacity value corresponding to the
base case.

e The proposed method for increasing the ampacity of underground cable lines is new, it can be
easily implemented within current practice, it would generate enough electricity to meet demand
for ventilation and cooling purposes, and it would result in significant economic benefits.

e The increase in the velocity of the interior air from 0 to 2 m-s™ does not significantly affect the
ampacity of the considered 110 kV cable line, so that the electricity generated by the PV pave-
ment does not have to be used for forced-air ventilation.
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