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Temperatures of a PV pavement can be lower by 11-15 C and
13-18 C, respectively, compared with temperatures of
conventional asphalt pavements and surrounding soils.
This can be used in power cable engineering to increase the
ampacity of underground power cables.
Thermal conductivities of the EVA layers in PV pavements
are lower than the thermal conductivities of bedding
materials, and PV cells generate heat along with electricity.
The thermal conductivities and heat sources represent
barriers to conductive heat transfer, while the cable bedding
represents a conductive path.
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.

Experimental background
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.

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

Validation of the method
•

Simulation results obtained using the computational domain of
small-size for the actual laboratory conditions.

•

Temperature differences obtained for the concrete pavement
coated with acrylic black paint and actual laboratory conditions.

(a) Computational domain of large-size, and (b) dimensions of the
construction elements of the AXLJ 11000/190 mm2 110 kV cable.

Steady-state operation regimes
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The first four operation regimes are chosen so that the
obtained results are comparable to the results obtained for
traditional and cool pavements.
FEM simulations of the first four operation regimes over the
large-size domain are conducted with: Ta=40 °C, va=0.22 m∙s-1,
QS,s=1000 Wm-2, Qel=19.92 W, QPV=40005.7 Wm-3, hPV=8
Wm-2K-1, hGES=12.654 Wm-2K-1, and vai=0, 0.5, 1 and 2 ms-1.
The second four operation regimes are chosen to demonstrate
how the solar irradiance affects the conduction of heat from
cables to the earth surface.
FEM simulations of the second four operation regimes over
the large-size domain are conducted with: Ta=25 °C, va=0 m∙s1, Q =1000, 960, 863 and 615 Wm-2, h =6.782 Wm-2K-1,
S,s
PV
hGES=11.4 Wm-2K-1, vai=1 ms-1, hcu=2.543 Wm-2K-1, hcb=7.55
Wm-2K-1, and hcl=7.233 Wm-2K-1.

Simulation results – 1/4
•

Values for Qv and Icp calculated for a constant solar irradiance
QS,s=1000 Wm-2 and different velocities of the interior air vai.

•

Values for Qv and Icp calculated for different solar irradiances QS,s
and a constant velocity of the interior air vai=1 ms-1.

Simulation results – 2/4
•

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 the large-size domain.

•

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.

•

Large-size computational domain with traditional asphaltpavement represents the base case.

Simulation results – 3/4
•

Temperature distribution over the computational domain
corresponding to the base case (traditional asphalt-pavement).

Simulation results – 4/4
•

Temperature distribution over the computational domain with
PV pavement and no ventilation channel, which is equivalent
to the one corresponding to the base case.

Conclusions
◼

◼

◼

◼

Using the PV pavement and ventilation channel, compared to the
base case, the cable ampacity can be increased by 98.784 A when the
velocity of the air in the ventilation channel is 2 ms-1 and when the
solar irradiance is 1000 Wm-2.
Using only the PV pavement without a ventilation channel, the cable
ampacity cannot be increased above the cable ampacity value
corresponding to the base case.
The proposed method for increasing the cable ampacity 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.
The increase in the velocity of the interior air from 0 to 2 ms-1 does
not significantly affect the cable ampacity, so that the electricity
generated by the PV pavement does not have to be used for forced-air
ventilation.
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