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Introduction 

• West façades and roofs receive intense tropical solar radiation, increasing cooling loads and challenging 
institutional buildings’ energy performance. 

• Study analyzes west façade heat gain and evaluates hybrid PV–wind energy performance on façades and 
roof surfaces. (Hamzah & Go, 2023) 

• Façade shading and rooftop hybrid systems reduce thermal loads, supporting NZEB goals consistent with 
prior tropical climate studies. (Rana and Rahman 2020) 

• NZEBs are low-energy buildings that use renewable energy to offset annual energy usage  (Ohene et al. 2024) 

• Hot humid climate, where cooling loads dominate energy consumption due to high outdoor temperatures 
and humidity levels. (Halawa et al. 2018) 
 

• systems enhance reliability and stability by combining complementary sources, such as solar and wind, 
which peak at different times, a consistent and stable power output can be achieved M. A. Mossa (2022) 

• A BIPV double skin facade reduced energy demand by 35% and achieved near net-zero status  (Abdou et al., 2021) 

•  
High solar irradiation on west-facing facades and roofs in tropical buildings raises cooling demand, requiring reduced heat 
gain and optimized on-site renewable energy generation systems. D. K. Wardhani (2020) 
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Method 
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Result and Discussion 

• Simulation results show most of sun face west side (yellow color) and roof (red color) 

• The iso-shading diagram visualizes how the west-facing BIPV facade reduces cooling 
loads while generating electricity 

• Blocked radiation = less heat absorption = reduced air conditioning demand 

• shading loss contours (1%, 5%, 10%) show where PV panels intercept sunlight, 
preventing it from heating the building, Blocks heat before it hits bricks reduces 
cooling load. 

 

• .  
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Result and Discussion 

• The façade results align with studies showing high 
afternoon heat gains on west-facing walls in tropical 
climates (Blanco and F. Convertino 2023) 

• PV shading effectiveness agrees with research showing 
façade shading reduces thermal loads (N. Abdou.at,al 
2021) Higher rooftop PV output matches findings that 
tilted rooftop modules perform better than vertical BIPV  
(S. Chen 2020).  

• The strong hybrid PV–wind performance supports 
studies showing greater reliability from combining both 
resources  (S. Chen 2020). 

Application of Hybrid PV Wind energy gives 
the results that show almost of energy 
produced is from renewable energy (cream 
colour) and some few energy is from grid 
PLN 

Discussion 
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Conclusion 

• This study aims to investigate how the solar heat gain of a west-facing facade 
influences the cooling load and interacts with the performance of a proposed hybrid 
Photovoltaic–wind system in supporting NZEB objectives. The research concludes 
that combining façade shading and a hybrid PV–wind system is an efficient means of 
enhancing the energy performance of buildings in tropical institutional 
environments.  

• These results are most relevant for buildings that receive strong solar exposure, in 
particular west-facing façades and roof in warm climates.  

• Future work will be centred on incorporating battery storage, maximizing PV 
orientation, and leading pilot studies in other building types and climates. 
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