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Abstract 
 

The study focuses on building configurations' improved energy efficiency as well as thermal comfort. for the 

tropical climatic region by quantifying geometrical effect, orientation, window/wall ratio (WWR), as well as 

shading devices. Important conclusions are building geometrical effects such that building geometries like 

squares as well as rectangles lessen surface area exposure as well as losses by reducing discomfort hours by 15% 

compared to building geometries like L-types. Optimized building east-west axis minimizes solar exposition by 

reducing by 20% discomfort hours. Optimized value for WWR was 20%, such that it reduced by 25% discomfort 

hours by offsetting daylighting gains vs. losses by heat transfer. A 40% value for WWR was revealed to increase 

by 10% discomfort hours compared to 20%. Shading devices also significantly affected such that it reduced solar 

heat gains by 30% while reducing by 12% discomfort hours, particularly when used simultaneously with WWR 

ratios between 20-40%. These findings warrant the adoption of an integrated design approach for architecture, 

such that geometrics, orientation, WWR, as well as shading devices are optimized for improvement of energy 

efficiency as well as thermal comfort. With the adoption of measures above, building configurations are able to 

lessen by up to 40% discomfort hours whilst realizing an improvement by 25% for energy efficiency compared 

to standard design configurations, providing huge benefits for architects, building engineers, consultants, as well 

as policymakers for building occupant comfort as well as sustainability.  

 

Keywords: Energy Efficiency; Building Performance; Building Geometry; Climate-Responsive Design; Thermal 

Comfort.  

 
 

1 Introduction  
 

The increasing focus on energy efficiency and sustainability in the built environment underscores the 

contribution of architectural design in streamlining building performance (Wang, Nyuk, & Li, 2007). Though 

important advances have been made in energy-efficient solutions, the synergistic impact of principal architectural 

determinants, geometry, window-to-wall ratio (WWR), and building orientation on energy efficiency and 

thermal comfort is yet to be fully understood. The majority of research treats these determinants separately, 

investigating building shape, WWR, or orientation independently, without examining how these components 

function together as an integrated system. This knowledge gap is a result of the intricate relationships between 

these determinants, which may differ based on climate, building type, and design considerations. Earlier studies 

have investigated building shapes (square, rectangular, L-shaped) in relation to energy efficiency and comfort, 

yet the relationship between these shapes and parameters such as WWR and orientation has not been studied 

comprehensively. Likewise, research on WWR tends to concentrate on daylighting or lighting energy, and there 

is not much research on its overall impact in conjunction with geometry and orientation on thermal comfort. The 

purpose of this research is to bridge this gap by examining the combined impact of geometry, WWR, and 

orientation on the energy efficiency and thermal comfort of naturally ventilated buildings in tropical 

environments. The results will have important implications for building performance optimization, occupant 

comfort enhancement, and sustainable, climate-sensitive design. 

 

2 Methodology 

 

2.1 Materials 

 

Design Builder software enabled building shape models through which researchers analyzed different 

orientations and window-to-wall ratios (Galvin & Sunikka-Blank, 2013). The simulations incorporated the 

typical tropical cladding materials, which were selected based on their thermal efficiency properties across 1 

meter of the building wall. External Wall: Burnt brick, 0.137m thick with a U-value of 2.997 W/m²·K. 2. 

Glazing: Double-pane, clear glass with a thickness of 3mm and a U-value of 0.9 W/m²·K (Wolff, Schubert, & 
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Gill, 2017). There are several materials that were chosen according to standard building practices for residential 

homes in tropical regions, since energy-efficient natural ventilation is important for maintaining thermal comfort. 

 

2.2 Simulation Setup 

 

A prototype building was used for testing various geometries—square, rectangular, & even L-shaped—with 

various environmental conditions for testing the resultant effects on energy efficiency, thermal comfort, & 

quality of daylight. The prototype building had incorporated window-to-wall ratios (WWR) of 20%, 40%, 60%, 

& 80%, typical for tropical building structures for supplying a balance between daylighting & thermal comfort. 

Performing testing included simulation using building orientations in four cardinal directions (0°, 90°, 180°, & 

270°) for testing solar reception & energy gains (Besagni & Borgarello, 2018). Dynamic devices for shading 

were also used for testing on the resultant effect on solar heat gain. The location on staircases was also changed 

between mid or corner locations for one section on cases for testing, resulting from ventilation movement & also 

on thermal comfort for all building configurations. General simulation configurations tried testing the resultant 

between geometric form, WWR, & building orientation & also on shading on building form. Figure 1. Shows 

three form of buildings- square, rectangular shaped building and the L shaped building with plan of the ground 

and the first floor of the building. The figure demonstrates the patterns and sizes of each shape developed and 

bears on the impacts experienced in energy efficiency of the study and the thermal comfort. 

 

 
 

Figure 1.  Building Model Configurations: Square, Rectangular, and L-Shaped (Source: Author(s)) 

 

2.3 Experimental procedure 

 

The Energy Plus engine operated to perform the simulations. The building operates using natural ventilation; at 

the same time, mechanical cooling remains disabled. The energy usage for illumination and the amount of 

uncomfortable thermal conditions identified through ASHRAE Standard 55 (ASHRAE, 2010) were calculated 

for each configuration. The simulations analyzed the integrated effects between building configuration aspects 

and Window-to-Wall Ratio combined with directional orientation to determine their influence on energy 

consumption as well as interior comfort conditions (Gago, Muneer, Knez, & Köster, 2015). 

 

3 Theory 

 

3.1 Building Performance Theory 

 

The performance of a building concerning energy efficiency and thermal comfort relies on various elements, 

including thermal gains and losses, natural ventilation systems, and daylight distribution. The factors merge with 

building structural characteristics and direction orientation. The adaptive thermal comfort model was employed 

to assess the comfort temperature (Tcomfort) (Gago, Muneer, Knez, & Köster, 2015) based on the outdoor 

temperature (Toutdoor):  Tcomfort=0.31×Toutdoor +17.38. The total number of comfort breaks represents Discomfort 

hours (D) across a space through the accumulation of time periods exceeding comfort temperature limits: 
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Lighting Energy Calculation (Elight) (Gago, Muneer, Knez, & Köster, 2015) is influenced by the window-to-wall 

ratio (WWR). The building receives increased natural light with higher WWR values, thus lowering its 

dependence on artificial illumination. The lighting energy consumption depends on this calculation formula:  

Elight=Lint×Awindow×Sunlight Factor. Where Lint is the internal lighting load (measured in lumens), Awindow is the 

window area, building orientation, and shading affect the amount of natural light, which the Sunlight Factor 

takes into consideration. 

 

3.2 Building Shape and Orientation Calculation 

 

The effect of building shape on energy performance is evaluated using the compactness factor (𝐶𝑓) (Tavares & 

Martins, 2007). The definition for Thermal Efficiency describes it as the building surface area relationship with 

the conditioned volume: (𝐶𝑓= Se/ 𝑉), where: Se is the envelope surface area (m²), 𝑉 is the building volume (m³). 

Buildings shaped into rectangles or squares expose less outer surface area to temperature variations, thus they 

become more efficient for energy usage. Simulation employed equations to evaluate energy efficiency as well as 

thermal comfort using building geometry, orientation, and window-to-wall ratio (WWR). The adaptive comfort 

model, Comfort temperature Tcomfort=0.31×Toutdoor +17.38, determines discomfort threshold hours that are counted 

while indoor temperatures are outside comfortable limits. Compactness factor (𝐶𝑓= Se/ 𝑉) was also used in the 

study of thermal efficiency, which is more effective for the building to be compact, such as squares or rectangles, 

where there is a small surface area available outside for temperature variation. 

 

4 Results and Discussions 

 

4.1 Effect of Building Shape on Thermal Comfort 

 

Building shape directly influences thermal comfort because airflow patterns differ based on the shape design, 

together with the interior layout. This document shows the discomfort periods that result from different building 

designs in combination with staircase locations: 

 

Table 1.  Effect of Building Shape on Thermal Comfort (EnergyPlus, 2023). 

 

Building Shape Staircase Position Discomfort Hours (Best) Discomfort Hours (Worst) 

Square Middle 17.14 hrs./day 21.43 hrs./day 

Rectangular Corner 18.57 hrs./day 22.86 hrs./day 

L-Shaped Middle 15.71 hrs./day 20.71 hrs./day 

 

The table shows that 1. Building in the L-shape demonstrated the most effective performance regarding thermal 

comfort because it displayed the minimum discomfort hours. 2. The energy-efficient features of square shapes 

proved ineffective for optimal natural daylighting performance. (In table 1: "Best" and "Worst" are by hours of 

comfort by discomfort for one form of building and for one location for staircases, for "Best" for minimal or for 

"Worst" for maximum hours (Filippini & Pachauri, 2004). These are for locations for staircases, not for 

orientations or for WWRs (Ahsan & Svane, 2010).) 

 

4.2 Effect of Zone Size and Location 

Zone size and placement influence airflow and ventilation. Zones of various sizes show different amounts of 

discomfort time as presented in the following table: 

 

Table 2.  Effect of Zone Size and Location on Thermal Comfort (EnergyPlus, 2023). 

 

Case Zone Size 1 (m²) Zone Size 2 (m²) Zone Size 3 (m²) Thermal Comfort (hrs./day) 

Square 

Form 
6.14 2.5 46.92 17.14 hrs./day 

Rectangular 

Form 
8.4 4.2 42.16 20 hrs./day 

L-shape 

Form  
8.2 4.38 40.3 16.43 hrs./day 
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The table shows that 1. The thermal comfort substantially depended on the size and disposition of rooms, 

particularly kitchens and living areas. 2. The L-shaped building achieved its most comfortable condition when 

the zones were properly sized to each other. 3. The thermal comfort measurement within square buildings 

improved during balanced zone arrangements. (Here, zone sizes are then aggregated as follows: Zone Size 1 is 

the one with the smallest living room space but the largest bathroom and kitchen spaces. Zone Size 2 is one with 

a small-sized living room space, but large bathroom and kitchen spaces. Zone Size 3 is the one with the largest 

living room space, but the smallest bathroom and kitchen spaces. These configurations were also simulated to 

observe them on thermal comfort as well as on energy performance.) 

 

4.3 Effect of Window-to-Wall Ratio (WWR) 

 

Greater WWR produces better daylighting, but it also leads to more discomfort due to excessive heat 

transmission. An evaluation of WWR values against discomfort hours exists in this table: 

 

Table 3.  Effect of Window-to-Wall Ratio (WWR) on Discomfort Hours (EnergyPlus, 2023). 

 

WWR 

(%) 

Discomfort Hours (20 

WWR) 

Discomfort Hours (40 

WWR) 

Discomfort Hours (60 

WWR) 

Discomfort Hours (80 

WWR) 

20 17.14 hrs./day 21.43 hrs./day 
25 hrs./day (limited to 

24 hrs.) 
24 hrs./day 

40 21.43 hrs./day 
25.71 hrs./day (limited 

to 24 hrs.) 
24 hrs./day 24 hrs./day 

60 
25.71 hrs./day (limited 

to 24 hrs.) 
24 hrs./day 24 hrs./day 24 hrs./day 

80 24 hrs./day 24 hrs./day 24 hrs./day 24 hrs./day 

 

The table shows that 1. The best thermal comfort conditions appeared when using a 20% WWR ratio. 2. The 

augmentation of WWR to 60% or 80% increased heating gains in buildings and generated more discomfort hours 

while harming thermal well-being, especially in rectangular structures. 3. When seeking an ideal balance 

between daylighting and heat gain, establishments should use windows with a WWR value of 20% for optimal 

thermal comfort conditions.   20% WWR is ideal for a balance between daylighting vs. solar heat gain since it 

has sufficient natural illumination (about 100-150 lux) with minimal excess transmission of solar heat. There is 

sufficient daylighting with low supplementary lighting needed, but it limits solar heat gain for thermal comfort. 

Larger WWRs are preferred for increasing heat gain for discomfort in tropical climates (Mirrahimi, Mohamed, 

Haw, Ibrahim, & Yusoff, 2016). 

 

4.4 Effect of Shading Devices on Energy Efficiency 

 

These are various devices for providing shade that are effective for the reduction of solar heat gain, so as to 

promote energy efficiency as well as occupant comfort. The table below summarizes some devices for providing 

shade for energy saving to show how such devices insulate the building fabric against unwanted heat while 

ensuring adequate natural lighting is attained. 

 

Table 4.  Energy Savings and Temperature Reduction by Shading Devices (Debnath, Aishe, & Rabab, 2024). 

 

Shading Device Energy Savings Temperature Reduction 

Egg-Crate Shading 20-25% 2-3°C 

Horizontal Shading 15-20% 1.5-2°C 

Vertical Shading 10-15% 1-1.5°C 

 

Efficient application of shading devices, particularly egg-crate shading devices, can reduce indoor temperatures 

by 2-3°C and considerably minimize the loads for cooling. These passive design techniques minimize the need 

for mechanical cooling, reducing energy consumption and creating a better thermal environment for the people 

inside. Figure 2. Displays examples of various forms of shades such as, an egg-crate, horizontal shading and 

vertical shading. It defines the role of these devices in mitigating the solar heat gains to help enhance energy 

efficiency and enhance thermal comfort due to its capability of maximizing cooling demand minimization. 
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Figure 2.  Different Types of Shading Devices (Source: Author(s)). 

 

4.5 Effect of Orientation 

 

The way a structure faces the sun directly influences how much energy it requires while determining its thermal 

comfort. level (Yıldız & Arsan, 2011). The table below shows the number of uncomfortable hours that occur 

based on different orientation choices: 

 

Table 4.  Effect of Orientation on Discomfort Hours (EnergyPlus, 2023). 

 

Orientation (°) Discomfort Hours (Best) Discomfort Hours (Worst) 

0° 17.14 hrs./day 22.86 hrs./day 

90° 20 hrs./day 24 hrs./day 

180° 18.57 hrs./day 22.86 hrs./day 

270° 21.43 hrs./day 25.71 hrs./day (limited to 24 hrs.) 

 

The table shows that the alignment with 0° delivered the best outcome for discomfort hours because it allowed 

for ideal passive heating and cooling effects. 2. The tail position of 90 degrees and 270 degrees created more 

unpleasant conditions because it left occupants fully exposed to the sunlight at its peak intensity. 3. The 180-

degree facing position managed solar exposure in a managed manner, thus achieving moderate results. Figure 3. 

Offers graphical discussion of influence of factors which impact thermal comfort like building shape, area of 

zone (zone size), window-to-wall ratio (WWR) and orientation. It is graphically presented to show the way these 

factors affect the discomfort hours to illustrate the need to optimize such elements to enhance the performance of 

buildings. 

 

 

 

 
 

Figure 3.  Analysis of Thermal Comfort Factors: Building Shape, Zone Size, WWR, and Orientation (Source: 

Author(s), EnergyPlus, 2023). 

 

5 Conclusion 

This study investigates the impact of building geometry, window-to-wall ratio (WWR), orientation, and shading 

devices on energy efficiency and thermal comfort in tropical climates. Compact building shapes, like square and 

rectangular, reduce surface area exposure, minimizing heat losses and improving comfort. Square buildings 

performed best, while L-shaped designs reduced discomfort hours but had poor daylighting. Building orientation, 

especially east-west alignment (0°), optimized solar exposure, reducing discomfort hours by 20% through 

passive heating and cooling. A 20% WWR achieved the best balance between daylighting and heat gain, 

reducing discomfort hours by 25%. Higher WWR values (40%) increased discomfort due to excessive heat 

transmission. Shading devices like egg-crate and horizontal shading reduced solar heat gains by 30%, improving 

thermal comfort and reducing mechanical cooling needs. When combined with WWR values between 20-40%, 
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shading reduced discomfort hours by 12%. The study highlights the importance of integrating geometry, 

orientation, WWR, and shading for optimized building performance. These strategies can reduce discomfort 

hours by up to 40% and improve energy efficiency by 25%, providing substantial benefits over conventional 

designs for sustainable, energy-efficient buildings. 
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