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Abstract
This research investigates the feasibility and effectiveness of BIPV
systems in high-rise residential buildings within the hot and tropical
climate of Bangladesh. The study focuses on a 20-storied residential
apartment located in Chattogram, Bangladesh. The primary objective is
to evaluate the thermal energy balance of the building when equipped
with BIPV panels, considering both energy generation and the potential
impact on cooling loads.

The research employs simulation and modelling techniques, using
IESVE software, to examine two types of BIPV panels: monocrystalline
silicon (c-Si) and copper indium gallium selenide (CIGS), assessing
their performance and thermal impact on the building in both ventilated
and non-ventilated facade configurations.

Methodology
A SunCast analysis in IESVE of the 20-storied case building reveals
that the north and south façades are less exposed to sunlight due to
adjacent buildings. The east and west façades receive significantly
higher solar irradiance, with annual solar energy exceeding 500 kWh/m²
in some façade areas.

Figure 1: Solar irradiance, as viewed from the northeast and northwest
side.

The PV panels are then attached to the east and west façades using the
free-standing PV panel option in IESVE, with azimuth angles of 270°
and 90° on east and west facade respectively, and a tilt angle of 90°.
Key parameters like module nominal efficiency, Nominal Operating
Cell Temperature (NOCT), temperature coefficient, and degradation
factor are defined for accurate performance prediction using the IESVE
Apache user guide. While the IESVE software allows for temperature
coefficient adjustments, it doesn't directly model the heat gain from
BIPV panels. To address this limitation, an adjacent environment with a
15°C temperature offset, proportional to the solar irradiance, is created
to simulate the expected temperature increase. This rise of temperature
was observed in previous studies for almost similar climate by
Maghrabie et al. (2021) and Conde and Shanks (2019).

Figure 2: Case building equipped with BIPV panels

Results
The simulation results for the whole building reveal that all BIPV
configurations significantly reduce net energy requirements compared
to the baseline building without BIPV (558.5 MWh). The
monocrystalline silicon BIPV system with a ventilated attachment
demonstrates superior performance, achieving the lowest net energy
requirement (388.8 MWh) due to its higher energy generation and
efficient heat dissipation. The study also highlights the impact of BIPV
on cooling loads, which can increase due to the heat generated by the
panels. However, the energy generated by the BIPV system
substantially outweighs the additional cooling energy demand,
showcasing a net positive impact on energy performance.

Figure 3: Summary of results

Key Findings
• All BIPV configurations led to a reduction in net energy

requirements.

• Monocrystalline silicon BIPV with ventilated attachment yielded the
highest energy savings (30.4%).

• The increase in cooling load due to BIPV is offset by the generated
energy.

• Ventilation plays a crucial role in optimising BIPV performance in hot
climates.

The research findings are consistent with recent studies conducted in
comparable climates, which also observed superior performance of c-Si
panels over CIGS in BIPV facade applications. The enhanced efficiency
of c-Si modules, leading to greater energy yields, and the critical role of
ventilation in mitigating the impact of high temperatures on BIPV
performance, particularly in Bangladesh’s hot and humid climates, are
key takeaways that resonate with existing literature.
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