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Abstract 

 

This project shows how smart window design can make homes more energy-efficient by letting in more natural 

light focusing on buildings in Rangpur Division, Bangladesh. The study explores how changes in window size and 

the direction the building faces affect daylight inside the home. That base model was then modified to create 32 

different versions by adjusting the window sizes and rotating the building in different directions. Lighting analysis 

was done for each version at 9:00 a.m. and 3:00 p.m. on July 13, 2025. The results were divided into three zones—

below, within, and above the ideal daylight threshold—and then analyzed. This research shows how simple design 

choices, like where and how big a window is, can greatly enhance indoor comfort while minimizing the need for 

artificial lighting. Green energy efficient buildings utilize natural daylight. We can build structures not only for 

more sustainable but also long-term efficiency, this strategy reduces energy consumption that helps to achieve the 

goals of green energy efficient building. The findings can help architects and designers create homes that are more 

comfortable, energy efficient, and better suited to Rangpur division’s climate. 

 

Keywords: Natural Daylight, Window Design, Home Energy Efficiency, Revit Simulation, Climate-Responsive 

Architecture 

 

1 Introduction 

 

Designing energy-efficient and climate-responsive homes is a growing necessity in Bangladesh, where the tropical 

monsoon climate creates significant challenges for building comfort and energy use. High temperatures, intense 

solar radiation, and humidity dominate much of the year, making passive cooling and natural lighting critical 

aspects of sustainable residential design. In this context, daylighting — the practice of using natural light to 

illuminate indoor spaces — not only improves visual comfort and occupant well-being but also significantly 

reduces dependence on artificial lighting, thereby cutting electricity costs and carbon emissions (Reinhart & 

LoVerso, 2010; Nabil & Mardaljevic, 2006). Window can capture sunlight easily window positioning can enhance 

the natural lighting through the window (Chen et al, 2020). Among various passive strategies, the placement, size, 

and orientation of windows play a pivotal role in enhancing indoor daylight availability and reducing thermal 

loads. Smart window design, when informed by climate data and simulation tools, can optimize light penetration, 

minimize glare and overheating, and reduce energy consumption in both new construction and retrofitting 

scenarios (Cheng et al., 2023; Alam et al., 2016). It reduces the energy consumption by maximizing natural 

daylight (Acosta et al, 2016). The present study investigates these aspects in the context of a single-story residential 

building designed for the Rangpur Division, which experiences a warm-humid climate zone with distinct summer 

and monsoon patterns. The study aims to determine the most effective combination of window sizes and building 

orientations for maximizing useful daylight illuminance (UDI), which is considered to be in the 300–3000 lux 

range for visual comfort and productivity and this daylight illuminance range is considered as the threshold value 

(DesignBuilder, 2023; Autodesk Lighting Analysis, 2014). To achieve this, a 2D floor plan was initially developed 

in AutoCAD, then converted into a 3D Building Information Model (BIM) using Autodesk Revit Architecture, 

with realistic material properties applied for accurate light behavior simulation. The house model was geo-located 

to Rangpur, and solar data for July 13, 2025—representative of peak summer conditions—was used for analysis. 

A total of 32 design variants were generated by altering the window dimensions and rotating the building toward 

the four cardinal directions (north, south, east, and west). Lighting simulations were performed at 9:00 AM and 

3:00 PM, using Revit’s cloud-based Insight tools, to assess daylight performance in each scenario. The analysis 

categorized lighting performance into three UDI bands: below, within, and above the target threshold. The results 

were compiled in Excel for comparative analysis. This study highlights how digital design tools and climate-

adaptive strategies can be combined to inform effective architectural decisions. The findings offer practical insights 

for architects, engineers, and policymakers seeking to design energy-efficient, daylight-optimized homes in 

Bangladesh and similar tropical climates. Moreover, this research supports the global shift toward sustainable 

architecture by demonstrating how small design modifications—such as window positioning—can yield 
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measurable improvements in energy use, occupant comfort, and environmental performance (IEA, 2022). Our 

study can help to improve Rangpur divisions Energy efficient Building and Suitable lighting for Comfortable 

living by using the method of window Size and positioning, By the help of 3D simulation of Autodesk Revit. 
 

2 Model Description 
 

In this model the exterior wall is 25cm wide and the interior wall is 12.5cm wide and has 9 windows and 1 

ventilator. It is simply plastered building, without using paint where we increased the glossiness of outer side of 

the wall to reflect the natural light. The wall glossiness is 20% assumed. The model is located in Rangpur division, 

northern site in Bangladesh. 

 

Figure 1.  3D Model of the Experimental Building. 

          Figure 2.  2D Plan of the Experimental Building.               Figure 3.  Lighting analysis Example. 
 

Table 1.  Dimension Description. 
 

Location Dimension  

Total Area 7.5m x 10.2m 

Bedroom 1  3m x 3m 

Bedroom 2 2.4m x 3m 

Bedroom 3 3m x 3m 

Living Area 4.5m x 1.65m 

Dining  1.8m x 2.1m 

Kitchen 2.1m x 3m 

Lobby 1.5m x 3m 

Washroom 1.95m x 1.68m 

Door D1 1.07m x 2.13m 

Door D2 0.91m x 2.13m 

Door D3 0.76m x 2.13m 

Front Opening 1.8m wide 
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3 Weather report and solar direction 
 

Table 2.  Weather and solar Description. 
 

Time Temperature 

(°C) 

Feels 

Like 

(°C) 

Humidity 

(%) 

Wind 

Direction 

 

Wind 

Speed 

(Km/h) 

UV 

Index 

Cloud 

Cover 

(% ) 

Rainfall 

(mm) 

9:00 AM 29 36 80 East 18 4 74 0.2 

3:00 PM 32 39 69 ESE 23 5 70 0.4 
 

The solar elevation angles are approximately: 

• 9:00 AM: ~45° above the horizon 

• 3:00 PM: ~45° above the horizon 

These values are based on historical weather data for Rangpur on July 13, 2025. 
 

 

4 Methodology 
 

The project began with the creation of a detailed 2D floor plan using AutoCAD. This initial step helped lay out the 

building’s basic structure and geometry. Once the drafting was completed, the plan was imported into Autodesk 

Revit, where a full 3D Building Information Model (BIM) of the house was developed. In Revit, each building 

element—such as walls, floors, windows, doors, and the roof—was assigned specific material and performance 

properties. This helped ensure that the model would respond accurately during daylight simulation. To keep the 

analysis organized, each room—like the living room, bedroom, and kitchen—was labeled and numbered. This 

made it easier to track how daylight entered each space during the simulation. The project location was then set to 

Rangpur Division, Bangladesh, and the simulation date was selected as July 13, 2025, to reflect typical mid-

summer sunlight conditions. This setup allowed the study to capture accurate solar angles and daylight behavior 

based on local climate data. After preparing the base model, several design variations were created by changing 

the orientation of the building (north, south, east, west) and adjusting the size and position of the windows. In total, 

32 different models were produced to explore how these changes affected natural light entry across different times 

of day. Each variation was uploaded to Autodesk’s cloud platform, where daylight simulations were carried out 

using Revit’s integrated tools, including Insight and Lighting Analysis for Revit (LA/R). The simulations focused 

on two specific times—9:00 a.m. and 3:00 p.m.—to test daylight conditions under different sun angles. The output 

provided useful data such as daylight factor and illuminance levels for each room. Once all simulations were 

complete, the results were exported to Excel and organized for easy comparison. This allowed for a clear 

understanding of which window configurations and orientations provided the most effective daylight performance 

across the different rooms. The overall workflow followed a clear step-by-step process: (1) drafting the floor plan 

in AutoCAD, (2) developing the 3D model in Revit, (3) labeling and organizing interior spaces, (4) setting the 

location and simulation date, (5) testing multiple window and orientation scenarios, and (6) running simulations 

and compiling the results. This structured approach ensured clarity and consistency throughout the study. All the 

simulation results were recorded in Excel and analyzed to identify which combinations performed best in terms of 

daylighting. This approach shows how digital tools like Revit and Insight can support informed design decisions 

using real-world data—making the design process more accurate and sustainable. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

                           Figure 4.  Flow chat for the preparation of lighting analysis of one history building. 
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5 Result and Discussion 
 

The lighting analysis given clear insights into the best building orientation and window design for effective 

daylighting. The findings are divided into three categories based on light levels at 9:00 a.m. and 3:00 p.m.: within, 

above, or below the desired threshold. 

 

 
                                  

                            Figure 5.  (Bar Chart 1) Lighting Level Distribution Across Variants (100% Stacked). 
 

5.1 Within Threshold: Optimal Daylighting Conditions 

This part explains the building parameters that a gained a comfortable level of natural light, reducing the need for 

artificial lighting.   

❖ Optimal Direction: The analysis showed a ranking of directions for the primary facade to reach the desired 

lighting levels. A south-facing orientation was the most effective and followed by north, east, and lastly 

west. The order is: South, North, East, West. A south-facing orientation captures consistent daylight 

throughout the day without the harsh glare of direct sunlight at certain times.   

❖ Optimal Time: The best time to gain light levels along with the desired threshold was 9:00 a.m. This time 

benefits from morning sun, providing enough light without the intensity and heat of midday sun.   

❖ Optimal Window Height: The ideal height for windows was found to be 1.2m. This height allows daylight 

to penetrate deep into the interior spaces, to ensure even light distribution while reducing glare.   

❖ Optimal Window Width: To make the most of natural light, the analysis showed that windows should be 

as wide as possible. This design choice makes a larger opening for light entry, helping to brighten and 

open up the interior.   

 

 
 

Figure 6.  (Bar Chart 2) Maximum to minimum lighting level distribution for within threshold Across variants. 
 

5.2 Above Threshold: Excessive Lighting Conditions 

This part shows the building setups that led to enhance natural light, which can cause glare, maximize heat, and 

require shading devices.   

❖ Overlighting Direction: The main directions most prone to excessive lighting were north, south, west, and 

east. A north-facing orientation, although usually beneficial, can cause too much light in certain setups, 

particularly during specific times of the year. Likewise, the strong midday sun on a south-facing facade 

can also exceed the threshold.   

❖ Overlighting Time: The most excessive lighting occurred at 9:00 a.m. The direct angle of the morning 

sun, especially on north- and south-facing facades, led to light levels cross the limit of comfortable 

threshold.   

❖ Window Height: A window height of 1.5m was linked to excessive lighting. This higher position lets in 

more light, often resulting in overly bright conditions.   

❖ Window Width: Window widths of 1.8m and 1.5m were most likely to cause overlighting. While larger 

windows are usually preferred, these specific sizes can be excessive when paired with certain orientations. 

 

 
           

Figure 7.  (Bar Chart 3) Maximum to minimum lighting level distribution for above threshold Across variants. 
 

5.3 Below Threshold: Insufficient Lighting Conditions 

This section highlights the factors that causes low light levels and indicates when artificial lighting is necessary. 
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❖ Direction for Low Lighting: Low light levels were commonly seen in models with a west-facing façade 

and followed by north, south, and east. The order is: West, North, South, East. The west facade gets late 

afternoon sun, which can be strong but is often at a low angle that struggles to reach deeper into a room.   

❖ Time for Low Light: The analysis found that 3:00 p.m. was when light levels most often fell below the 

desired threshold. By this time, the sun's angle and position usually result to minimize direct light entry, 

particularly in rooms with less optimal orientations.   

❖ Window Height: A window height of 1.5m  was also linked to low light levels. This indicates that while 

a 1.5m lintel height might cause over lighting in some orientations, it may not be effective in capturing 

and spreading light at certain times or in specific directions.   

❖ Window Width: A narrow window width of 0.9 m was consistently associated with low light levels. This 

limited size greatly restricts the amount of natural light  
 

 
             

Figure 8.  (Bar Chart 4) Maximum to minimum lighting level distribution for Below threshold Across variants. 
 

The results were divided into three main ranges based on daylight intensity above threshold, below threshold and 

within threshold range with 300 to 3000 Lux. 

 

 

6 Conclusion  

 

This study, conducted on a single-story residential building in the Rangpur division of Bangladesh, gives a data-

driven framework to make a building design to maximize natural light and reduce energy consumption. The results 

clearly shows that strategic decisions of building orientation, window size, and lintel height are crucial to find 

sustainable daylighting. 

• The findings highlight a strong preference for a South-facing facade as the most effective orientation for 

gaining balanced light levels within the acceptable threshold. This orientation minimizes glare and heat 

gain while providing steady illumination, thereby reducing the reliance on artificial lighting throughout 

the day.  In another way, a West-facing facade proved to be the most challenging, frequently leading to 

either insufficient light in the afternoon or significant glare, underscoring the need for careful design 

interventions to reduce the negative impacts.  

• The analysis also shows importance of balancing window size and position. A window height of 1.2m 

combined with the largest possible width (safety consideration) was found to be ideal for allowing deep 

light penetration, while a 1.5m window height and widths of 1.5m to 1.8m were more efficient to over 

lighting. The study's specific findings for different times of the day (9:00 a.m. and 3:00 p.m.) provide 

valuable, time-sensitive data for a slight difference. 

In short, this research gives concrete example of sustainable design is not only an abstract concept but also 

measurable outcome of better choices. By using, a south-facing orientation and optimizing window 

specifications based on these findings, designers can create buildings that are not only energy-efficient but 

also more comfortable and visually appealing for their occupants. The application of these principles in 

regions with similar climates, such as the tropical climate of Bangladesh, can significantly contribute to the 

national goals of reducing energy poverty and promoting environmentally responsible architecture. These 

results show a practical guide for architects and engineers seeking to integrate passive design strategies into 

their projects, ultimately leading to more sustainable urban environments. 
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