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Efficient and effective use of solar panels

While walking around my neighbourhood, | have noticed that many households have solar
panels on their roofs. Some are placed flat on the roof, while some are angled, which made me

wonder how angles and other factors influence the efficiency of solar panels.

A solar cell panel, an assembly of PV solar cells mounted in a frame, captures sunlight and
converts it into electric energy in the form of direct current electricity [1]. As a renewable
source of power, solar energy plays a crucial role in reducing greenhouse gas emissions,
mitigating climate change, protecting environment, and supporting sustainable human
activities [2]. However, people may not know how to use it to its fullest potential. This paper
will examine the factors influencing solar panel efficiency and identify a factor that we primary

school students can explore through experiments.

Abundant experiments and research on solar panel efficiency have found various factors that
influence the power output, including the coating and surface cleanliness of the solar panel,
weather conditions, the materials of solar cells, and the angle and orientation of panel

instalment.

Cleanliness

The solar power system’s output can be reduced if the panels are covered in dust, dirt, grime,
debris and other contaminants [3]. These block the sunlight from the solar panels and reduce
its efficiency [4], losing 20—25% of energy output [5]. Solar panels should be cleaned every 6—
12 months to maintain their productivity, efficiency and effectiveness. The necessity of

cleaning may be more frequent with higher level of dirt and pollution [6].

Weather

Weather obviously influences the efficiency of solar panels. For example, Hailstorms or bad
weather can damage the solar panels, compromising their functions [7]. On a cloudy day the
amount of direct sunlight that can reach the solar panel is reduced, therefore, decreasing the
efficiency [8].

Coatings



Coatings on solar panels not only influence energy efficiency but also determine the life of the
solar cells and thus the overall power output [9]. The most common solar panel coatings include
anti-reflective coating, solar glass, epoxy resin and ceramic coating. Anti-reflective coating
boosts the efficiency by decreasing the light reflecting from the solar cell, increasing power
output by 10-14% [10]. Solar glass is one most important barrier of traditional solar panels,
protecting solar cells against harmful elements, such as water, vapour and dirt [11]. Solar glass
must be of high quality, flat and transparent, allowing as much sunlight as possible to pass
through to the solar panels [12]. Epoxy resin is durable, weatherproof and long-lasting, making
it the ideal material to protect the solar panels from the outdoor elements [13]. Ceramic coating
can protect panel glass from erosion and staining from salt spray or mineral deposits. It is able
to endure harsh conditions from sub-zero to extremely hot environments [14]. Choosing the
coating depends on the physical environment the solar panel is installed.

Solar cells

Solar cells use a variety of minor metals, such as silicon, indium, gallium, selenium, cadmium
and tellurium [15]. The most efficient solar panels generally use either N-type (IBC)
monocrystalline silicon cells or a N-type variation, heterojunction (HJT) cells [16].
Monocrystalline solar cells are made from a single crystal of silicon, which is more efficient
than those with multiple fragments of silicon melted together [17]. Some other cells work well
for solar panels. Crystalline silicon (c-Si) has been the material most used for photovoltaic
conversion of solar photons to electric currents [18]. Perovskites solar cells have become an
alternative material to silicon in traditional, inorganic solar cells. It has the ability to enable

higher power conversion efficiencies [19].

Angle and orientation

The angle and orientation of the roof, as well as the location of the property, impact on how
much solar power the panels can generate. Solar panels generate maximum power when
positioned perpendicular to the sun, so the ray of sunlight hits the panels at a 90-degree angle
[20]. The changes in the tilt angle can increase or decrease the power generated by solar panels
[21].

While all of these factors are important, finding the best angle and orientation is probably the

most important [22]. An unideal angle can significantly comprise the energy that the panel can



generate [23]. Angle can also determine how well the panel is washed in the rain. Appropriated

angled solar panels can get a decent wash by allowing rain running across the panel [24].

After examining the important factors influencing solar panel efficiency, | found that the angle
and orientation are a more feasible study area than coating and cells for primary students to
conduct experiments on. Therefore, | collaborated with another student to conduct an
experiment on the influence of angle and orientation on solar panel efficiency, which is
submitted under the category of Scientific Inquiry.
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