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A B S T R A C T

This study compares the thermal and electrical energy production potential and wind load assessment of 
perpendicular versus slanted photovoltaic (PV) facades. The goal is to identify the optimal facade orientation for 
societal adoption based on energy efficiency and wind load considerations. Using Hybrid RANS/LES models, the 
aerodynamic performance and energy yield of both orientations are analyzed under varying angles and envi
ronmental conditions. The findings show that while the slanted façade is better designed to capture solar irra
diance, it produces 4 to 8 % less energy than the perpendicular façade and yields approximately 2 % less exergy 
efficiency due to wind regime. However, the slanted design reduces wind load by 9.8 %, enhancing structural 
stability. The maximum thermal energy output of 217 kW is recorded from the perpendicular façade at a wind 
speed of 1 m/s, while the slanted façade generates a peak electrical power of 68 kW at 8 m/s wind speed. Overall, 
the perpendicular façade underscores more efficient in equal weather conditions, making it a sustainable choice 
for PV installation. These results provide valuable insights for architects, engineers, and policymakers in opti
mizing PV facade design for urban environments.

Introduction

The prominence of renewable energy resources is rising in the third 
millennium with the depletion of fossil fuels and an increase in raw 
material prices. On the other hand, global warming is becoming a 
serious concern with the effect of greenhouse gases [1]. Therefore, it 
seems imperative to find suitable alternatives for energy production to 
take pivotal steps toward a sustainable society. As the most ubiquitous 
and unconditional renewable energy resource, solar energy is intro
duced a great remedy to address the upcoming need for clean, cheap, 
and resilient energy [2,3]. In this regard, solar systems are proposed to 
convert solar energy into thermal, electrical, and other types of energy 
in modern life [4–8].

Today, photovoltaic/thermal system (PV/Ts) is used as an efficient 
way for thermal and electrical energy generation through solar radia
tion. It can be integrated into various systems to supply the required 
domestic or industrial energy on different scales. The global photovol
taic (PV) market has seen significant growth in recent years, reflecting a 
strong shift towards renewable and sustainable energy solutions. As of 

2022, the global installed capacity of solar PV energy reached 1,177 GW, 
marking a major milestone in the transition to clean energy. China and 
the United States are leading this expansion, with installed capacities of 
307 GW and 122 GW, respectively. Moreover, countries like Chile and 
Honduras have achieved the highest share of photovoltaic energy in 
their total energy mix, highlighting the increasing reliance on solar 
energy. This rapid growth underscores the importance of optimizing PV 
systems, including facade orientations, to maximize energy efficiency 
and support the global energy transition [9].

The PV cells receive solar radiation and convert part of it (generally 
less than 20 %) into electricity in the PV/T system [10,11]. A large part 
of the received solar energy is also absorbed in the PV system in the form 
of heat to be saved as thermal energy by energy storage materials. It is 
worth noting that the absorbed heat in PV cells causes their temperature 
to rise, attenuating the electrical efficiency of the system. Therefore, 
recovering and storing the absorbed heat instead of removing it into the 
environment is a great concept for increasing the energy conversion 
efficiency of the system while cooling the PV cells. To date, numerous 
studies have been conducted to further reveal the merits of PV/T systems 
and improve their performance by implementing novel techniques. 
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