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Abstract

This study investigates the potential of photovoltaic (PV) systems to offset non-renewable energy

use at Leicester’s King Power Stadium by harnessing solar power. Through modelling the perfor-

mance of a monocrystalline-silicon PV system installed on the stadium’s roof, we estimate that the

system could provide renewable energy equivalent to 20% of the stadium’s annual energy demand.

Introduction

Leicester’s King Power Stadium, features
an expansive roof that remains largely under-
utilised, making it an excellent candidate for so-
lar energy generation. By installing solar pan-
els on its surface, sunlight can be efficiently con-
verted into electrical energy, offering a sustain-
able solution to increasing energy demands.In
this paper we model the performance of solar
panels throughout the year, assessing the po-
tential contribution to meeting energy require-
ments.

Theory
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Figure 1: Traced area of King Power Stadium [1]

The performance of solar panel systems relies
on various technical and environmental factors
including the area available for panel installation
and the efficiency of the chosen solar device. We
estimated the roof-size area by using the Google
Maps drawing tool, as this data was unavailable
elsewhere. Although the specific dimensions for
the King Power stadium are unavailable to us,
in Figure 1 we utilised Google Maps draw tool
to determine a roof area of approximately 20,000
m? [1].

The energy produced by a photovoltaic (PV)
system depends on the available solar irradiance
and the efficiency of the solar panels under oper-
ational condition. The electrical efficiency 7. can
be expressed using the Evans-Florschuetz PV ef-
ficiency [2]:

Tlc = TNref * [1 - Bref : (TC - Tref)] (1)

where ‘net’ is the efficiency at a reference tem-
perature, ‘Tt = 25 (°C). ‘Bref’ is the tempera-
ture coefficient (°C~!) and ‘T, is the tempera-
ture at a particular moment in time [2].

Power is the rate of energy transfer. Therefore,
the monthly energy output of a PV system can
be calculated using the equation:



E=Pton = (IA)t 1, (2)

where solar irradiance, ‘I’ is defined as the
power per unit area, ‘A’ received from the sun,
over a time period, ‘t’, of 1 month.

To determine the solar irradiance and temper-
ature we extracted data from the PVGIS-ERA5
database, after inputting the stadium’s precise
location [3].

Month Average Temperature (°C) Irradiation (kWh/m?)
January 4.5 25.75
February 6.5 40.09
March 7.1 88.11
April 8.9 130.33
May 12.7 145.42
June 15.2 161.73
July 18.8 155.77
August 19.0 140.11
September 14.1 85.32
October 12.6 59.09
November 8.8 25.59
December 3.5 19.21

Table 1: Monthly average temperature and solar
irradiation values in 2022. [3]

Discussion
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Figure 2: Monthly energy output (kWh) based on irra-
diation and efficiency in 2022

Monocrystalline-Silicon is the most commonly
used photovoltaic cell, with an 7, = 0.15 and
a Pret = 0.0041 °C~! [4]. By substituting these
parameters along with the temperatures in Table
1, into Equation 1, we calculate the efficiency of
the solar cell with respect to the temperature is
about 0.16 for all months.

To calculate the total energy output, we take
the sum of the solar energy multiplied by its cor-

responding efficiency and multiplied by the area
of the roof, which is described by Equation 1.

Figure 2 displays the total energy generated by
our photovoltaic system. In the summer months,
higher levels of irradiance enable more sunlight
to be converted to electrical energy. The to-
tal energy output was calculated to be 3384725
kWh.

Conclusion

In 2022, Leicester football club used
17,017,229 kWh of energy [5], meaning that
integrating a photovoltaic cell system could
supply nearly 20% of its annual usages. The
club has already committed to sustainable prac-
tices in the past; future advancements in more
efficient solar panel technology are expected to
significantly reduce both it’s environmental and
energy costs.
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