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Today, due to the increase in greenhouse gas concentrations and
environmental pollution caused by fossil fuels, there is a great
emphasis on using solar energy as a clean source of electricity
generation. Most solar systems used in the world are of two types:
BAPV (Building Applied Photovoltaic) and BIPV (Building Integrated
Photovoltaic). In this study, the BAPV and BIPV solar systems and their
performance on horizontal and sloping roofs in Urmia city were
investigated. For this purpose, the effect of the slope angle on the panel
efficiency and annual energy production was examined at different
angles using the PVsyst 7.2 simulation software. The simulation
results showed that the proposed system for a sloping roof with a 35-
degree angle had the highest solar energy absorption rate. Comparing
the panel efficiency on a sloping roof with a 35-degree angle and a
horizontal roof, it was found that with the same number of panels, the
efficiency of panels on a sloping roof in the BAPV system was 16%
higher and in the BIPV system was 14% higher than that of a
horizontal roof. Moreover, the amount of unused solar energy on
sloping roofs with a 35-degree angle is 3.5% lower than that of a
horizontal roof, considering the consumption pattern in BAPV and
BIPV systems. Additionally, by sloping the roof at a 35-degree angle,
the accessible space in the examined sample increases by 20%, which
can be used for installing more solar panels.
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EXTENDED ABSTRACT

Introduction

Solar technology is rapidly advancing, leading to a significant reduction in the cost of
solar energy. However, this progress also brings many challenges, particularly in the
production and use of solar panels. Solar panels can be installed as part of the building
structure, including roofs, facades, walls, and canopies, or installed independently on the
building. Based on the installation and usage methods, solar systems are classified into two
categories: BAPV and BIPV.

In Iran, the use of solar energy technology is still uncommon due to the low cost of fossil
energy. As most roofs in Iran are horizontal, solar panels are typically arranged in a
heterogeneous manner. Therefore, building design challenges when implementing solar
systems have been discussed, and a solution has been proposed to improve the efficiency
and aesthetic appeal of buildings. This study examines the performance of BAPV and BIPV
solar systems on horizontal and sloping roofs in Urmia city, where limited research has been
conducted on solar energy technology.

Methodology

The present study was applied research with a quantitative approach. It employed
library studies to examine challenges faced by buildings with solar systems. In addition, the
study used PVsyst7.2 software to simulate a sample solar system using the
REC390tp25M72 panel model manufactured by Rec company. The simulation is conducted
for both BAPV and BIPV systems in Urmia city, with different installation angles, to
determine the angle that results in the highest annual efficiency. Moreover, the study
analyzes the performance of horizontal and sloping roofs with BAPV and BIPV solar systems
by conducting separate simulations for each.

Results and discussion

To investigate this issue, the researchers selected a villa building with a roof area of 150
square meters located in Urmia city for all months of the year. For the BAPV and BIPV
systems, the researchers used the REC390tp25M72 model panel from Rec company, which
has a production power of 390 watts, dimensions of 30 x 1001 x 2005 mm, and an average
weight of 22 kg. By inputting information about the panel area and power into the PVsyst
software, the researchers conducted a simulation to determine the number of panels
needed to be placed in the given area and the amount of energy that the panel set will
produce. According to the simulation results, 76 panels can be used, occupying an area of
153 square meters.
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Figure 1. The amount of energy produced per year with different angles of the roof with solar panels

Figure 1 demonstrates a clear upward trend in electricity production as the angle of the
solar panels increases from zero, with the maximum output occurring at an angle of 35
degrees. However, beyond this point, the electricity production begins to decrease. Thus, it
can be concluded that the optimal angle for maximum energy production is 35 degrees.

The amount of solar electricity produced on the horizontal roof

The amount of solar electricity produced in a sloping roof with an angle of 35 degrees
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Figure 2. The solar electricity production was evaluated for both horizontal and sloping roofs with an
angle of 35 degrees in the BAPV system.

The amount of solar electricity produced on the horizontal roof

The amount of solar electricity produced in a sloping roof with an angle of 35 degrees
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Figure 3. The amount of solar electricity produced in a horizontal roof and in a sloping roof with an angle
of 35 degrees in the BIPV system
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Although the panel production capacity is greater than the annual energy demand, the
full utilization of solar energy is not achievable in a horizontal roof configuration. The
simulation results indicated that 23.5% of the available energy remains unused on a
horizontal roof. However, in the case of a sloping roof with an angle of 35 degrees, the
amount of unused energy was reduced to 20% of the available energy.

In addition to increasing efficiency in the number of similar panels, sloping the roof also
increased the required space. The following graphs show the comparison of efficiency and
available area in the two buildings in question.
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120 @ Horizontal roof B Sloping roof

Figure 4. Right: The amount of electricity produced annually with the same number of panels (KW/h).
Left: Available area for installing panels (square meter).

Conclusion

The simulation results from PVsyst7.2 software indicated that the highest annual
efficiency can be achieved with a sloping roof at an angle of 35 degrees in the solar system.
When comparing the efficiency of panels between the sloping roof and horizontal roof; it
was observed that for the same number of panels, the sloping roof in the BAPV system can
achieve 16% more efficiency, and the BIPV system can achieve 14% more efficiency than
the horizontal roof. Additionally, sloping roofs with an angle of 35 degrees exhibited 3.5%
less unused solar energy, taking into account the consumption pattern in BAPV and BIPV
systems, than horizontal roofs. Furthermore, by tilting the roof at an angle of 35 degrees,
the available space in the sample increased by 20%. Therefore, implementing new design
methods for buildings that incorporate sloping surfaces can lead to greater efficiency and
less energy loss from solar systems, while also producing an aesthetically pleasing and
optimal architectural design.
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