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ABSTRACT 
A case of urban densification in heritage towns like Pondicherry has led to deep-plan wall to wall layouts, where the 
depth of the plot is considerably more than its width and multi-storey buildings with limited access to day light and 
natural ventilation. With the recent multi-storeyed developments, passive strategies are essential for achieving 
thermal and visual comfort. This study investigates the integration of light wells as passive systems to enhance day 
lighting and natural ventilation to improve indoor environmental quality for a deep plan building in such contexts. In 
the case of heritage town of Pondicherry, a typical base case sample deep plan residential plot of size 6m width and 
20m depth with stilt with three storeys building of 14.4m height, was modelled using Rhino 7, and analysed using 
Grasshopper, Ladybug tools 1.5.0, Honeybee Radiance, and Design Builder 7.3.100.3 Evolutionary generative 
simulations were conducted for daylighting analysis to evaluate variations in the size, number, and placement of light 
wells and Design Builder 7.3.100.3 with Energy Plus 9.4 for CFD analysis for natural ventilation and indoor air 
temperature.  After multiple generative design in accordance with the ECBC 17, filtered 7 options for best UDI results 
and these options were evaluated for natural ventilation by CFD analysis for the hottest and coolest hour. It was 
found that double light wells arranged perpendicular provided optimal results, with mean UDI above 50% and ACH 
ranging from 5.06 to 1.33. All high performing light well has a volume of more than 20% of the total built-up volume. 
Further the double rectangular light wells with dimension of 3.5 x 2.5 meters yielded the most effective results. This 
research offers a novel approach to design of light wells using generative design method for integrating passive 
daylight and ventilation systems in dense heritage urban settings. It demonstrates how generative design can guide 
regulatory development and sustainable solutions for tropical climates. 

Keywords: deep plan building, light-well, evolutionary generative design, daylighting and natural ventilation, heritage 
area

1. INTRODUCTION 
The increasing population in the heritage areas of historic cities, 
coupled with the high value of urban land, has necessitated the 
development of high-rise, deep-plan, and compact buildings. A 
deep-plan building is characterized by a floor depth that 
significantly surpasses its width, thereby complicating the 
achievement of a high skin-to-volume ratio that facilitates the 
penetration of daylight and natural ventilation into most interior 

spaces [1]. To address this challenge, architects frequently 
incorporate light wells—vertical voids or atria within buildings 
that serve as passive systems for natural lighting and ventilation 
[2-5]. This study focuses on deep-plan multi-storey residential 
buildings situated within heritage zones, with the objective of 
evaluating the performance of light wells in achieving indoor 
comfort and deriving the volumetric ratio of the light well to the 
total building volume under hot and humid climatic in dense urban 
context. The key design parameters, such as size, location, 
orientation, window dimensions, and number of light wells 
required, remain inadequately defined for this context. 
Consequently, this study investigates the parameters essential for 
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designing efficient light wells in deep-plan buildings, with the aim 
of informing a potential regulatory framework in volumetric ratio 
for heritage areas in Pondicherry. This study was confined to a 
single representative building used as a base case for simulation 
and analysis, rather than encompassing the entire neighbourhood 
context. The findings provide indicative design parameters that 
offer preliminary insights, necessitating further validation across 
multiple building types and urban settings. 

Previous studies have often examined the daylighting and 
ventilation performances of light wells separately. However, 
modifications to the configuration of a light well influence both 
aspects simultaneously. In this study, the light well was 
approached as an integrated system for daylight and natural 
ventilation within the dense heritage fabric of Pondicherry. In 
recent years, many residences have become increasingly reliant on 
mechanical air conditioning and artificial lighting. This study 
explores how passive strategies can serve as sustainable 
alternatives. Based on the light-well design outcomes, guidelines 
for heritage areas were developed, focusing on the volumetric ratio 
of the light well to the total building volume. Overall, this study 
examined the light well as an architectural system that integrates 
daylighting and natural ventilation in deep-plan buildings within 
dense heritage areas, offering insights that may also be applicable 
to other climatic contexts. 
 
2. LITERATURE REVIEW OF DAYLIGHTING AND 
NATURE VENTILATION PERFORMANCE OF 
LIGHT-WELLS 
Light wells are architectural features increasingly employed in 
urban and tropical contexts to improve indoor environmental 
quality by enhancing both daylighting and natural ventilation, 
which is critical in optimizing passive building design strategies, 
particularly in dense urban environments and deep-plan buildings. 
The utilization of light wells is prevalent in many tropical regions. 
Studies have demonstrated that employing light wells for 
illumination and natural ventilation can result in substantial energy 
savings, reaching up to 25% of total energy consumption [6].  

Several studies have examined the effectives of light well in 
improving indoor daylight availability. The geometry of light well 
including height, width, depth, and cross-sectional shape has been 
identified as a key determinant of their daylighting performance. 
For instance, Kristl and Krainer [1] analysed how geometric 
configurations influence illuminance levels using scale models 
and the daylight factor as a primary metric. Similarly, Amin et al. 
[7] introduced design modifications in light well profiles 
employing a wider upper and narrower lower section to improve 
daylight penetration in hot and dry climates, achieving better light 
distribution. Other influential variables identified in the literature 
include orientation, plan form, height and width of the light well 
[8-12]. In recent years, simulation-based studies have increasingly 
used dynamic daylight metrics such as Daylight Autonomy (DA) 
and Useful Daylight Illuminance (UDI) to provide more accurate 
performance assessments under real climate conditions. For 

instance, Ahadi et al. [13] investigated square-shaped light wells 
of varying sizes and orientations using DA as a performance 
criterion, highlighting the advantages of non-rectilinear 
configurations in deep-plan layouts. 

Natural ventilation is another critical function of light wells, 
especially in tropical climates where passive cooling can 
substantially reduce energy consumption. Studies have identified 
key design variables affecting airflow performance, including void 
placement, light well height, cross-sectional form, and connection 
to outdoor spaces. Kotani et al. [14-16] conducted experimental 
studies on light wells connected to horizontal voids, measuring 
airflow patterns, rates, and temperature gradients. Their findings 
indicate that light wells can facilitate cross ventilation, particularly 
when configured with appropriate inlet and outlet openings. Other 
studies, such as those by Muhsin et al. [17], combined field 
measurements with Computational Fluid Dynamics (CFD) 
simulations to assess the role of light wells in multi-storey housing 
units in Malaysia. Their results revealed that indoor air velocity 
was generally insufficient for thermal comfort, but could be 
significantly improved by enlarging the light well footprint to 
encompass 50% of the living unit area, resulting in a 50.88% 
increase in ventilation performance. CFD-based investigations 
have also explored the impact of void positioning (horizontal vs. 
vertical), indicating that airflow is highly sensitive to both 
geometric configuration and external pressure differentials [18]. 
Furthermore, some research has shown that light wells designed 
solely for daylighting are effective only up to two floors [15], 
limiting their utility in high-rise applications unless specifically 
optimized for airflow. 

Although extensive literature exists on daylighting and 
ventilation performance separately, few studies have addressed 
their synergistic or competing effects. Integrating these two 
aspects is crucial because design modifications that enhance one 
may compromise the other. For instance, increasing the width of a 
light well may improve daylighting but reduce cross-airflow, 
whereas increasing its height may boost ventilation but reduce 
daylight penetration at lower levels. The lack of integrated design 
strategies in the literature indicates a significant knowledge gap. 
There is minimal research on generative or optimization-based 
approaches that simultaneously evaluate daylighting and 
ventilation performance, especially in complex urban conditions 
where design flexibility is constrained. With the advancement of 
simulation tools, environmental plugins like Ladybug, Honeybee 
combined with Rhino 3D, Grasshopper, and DesignBuilder with 
Energy plus, it is now possible to model and optimize light well 
performance under real-world environmental conditions. These 
tools enable the generation of multiple design iterations and 
performance evaluations using parametric and generative design 
methods. 

The integration of climate-responsive design parameters 
including light well volume, geometry, WWR (Window-to-Wall 
Ratio), and void positioning offers a pathway to create optimized 
design solutions for deep-plan buildings in heritage-dense tropical 
urban environments. This constitutes a novel research area with 
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considerable potential to advance energy-efficient design 
solutions in the future. This study addresses this gap by employing 
a generative design methodology to investigate optimal light-well 
configurations for daylighting and specific hours for ventilation 
performance. The findings aim to contribute a replicable 
framework for future sustainable architectural design and urban 
infill strategies. 
 
3. METHODOLOGY 
In the literature review, it was identified that the independent 
variables influencing the daylighting and natural ventilation 
performance of light wells include the area, height, orientation, 
plan form (square or rectangular), size, position, number of wells, 
and openings. Additionally, the ratio of the volume of the light 
well to the total building volume is a significant parameter in 
defining the design of the light well. A base case model was 
developed in accordance with the planning authorities for this type 
of residential development in a small deep-plan plot with a size of 
6 meter wide and 20 meter depth as a base case sample. The Useful 
Daylight Illuminance (UDI), a dynamic daylight performance 
metric, is particularly accurate for tropical climates with 
substantial cloud cover [18]. UDI is employed in this research as 
a climate-based metric, defined as the percentage of occupied time 
when a target range of illuminances at a point in a space is 
achieved by daylight. According to ECBC 17 [19,20] for 
residential buildings, the illuminance range is 100–2000 lx, with a 
mandatory provision of 45% of the floor area for 90% of the 
occupied time. Honeybee Radiance was used as a plug-in package 
in Grasshopper to determine the UDI based on the EPW weather 
file data for Pondicherry, and the assumptions are listed in Table 
1. In terms of natural ventilation, airflow is driven by wind and 
buoyancy through the openings in the building envelope. The light 
well acts as a cross-ventilation shaft using passive ventilation. In 
this study, the air velocity, ventilation rate, and airflow pattern 
within the entire floor were considered as criteria for natural 
ventilation efficiency. From the selected options demonstrating 
optimal UDI performance, Design Builder version 7.3.100.3 was 
employed for CFD simulations and to predict the airflow pattern 
within each floor. Honeybee Radiance and Design Builder were 
used for daylight and ventilation simulations, respectively. These 
tools were selected because of their established efficacy in 
modelling intricate building geometries and environmental 
conditions. A concise validation, grounded in previous studies that 
compared simulated and empirical results [21,22], was presented 
to affirm the reliability of both tools for application in tropical 
residential settings. Figure 1, illustrates the research methodology 
flowchart and the tools employed in this study. 

The research stages were as follows: 
1. Examination of the climate of Pondicherry and 

documentation of the current conditions of deep-plan 
buildings. 

2. Development of a base case building in accordance with the 
Pondicherry planning authority for a deep-plan plot to 
establish the project framework. 

3. Daylight analysis was conducted using Ladybug and 
Honeybee Radiance, along with Galapagos for the 
generative design of light wells. Galapagos was employed 
to iterate and optimise the geometric parameters of the light 
wells, such as the height, width, depth, and number of wells, 
to achieve the green building benchmark for Useful 
Daylight Illuminance (UDI). 

4. Utilising the filtered results from the daylight performance 
analysis, seven options were selected based on UDI results, 
and Design Builder was employed for CFD analysis to 
assess the natural ventilation rate during the hottest and 
coolest daytime hours of the year. 

5. Based on the derived results, the volumetric ratio of the 
light well to the deep plan was determined to optimise the 
performance in daylight and natural ventilation. 

6. Proposal of a model framework for the light well 
volumetric ratio of the total built-up area in the heritage 
zone. 

 
3.1. Climate of Pondicherry and existing situation of 
deep plan buildings 
Pondicherry is situated at a latitude of 11.55°N and a longitude of 
79.49°E. According to the Köppen climate classification, 
Pondicherry experiences a tropical Savanna climate, that of 
coastal Tamil Nadu. Specifically, it is categorized as the dry-
winter type (Aw), bordering the dry-summer type (As) [23]. 
Throughout the year, temperatures typically range from 36°C to 
28°C. The region receives an average of 3407 hours of sunlight 
annually, out of a possible 4383 hours, equating to an average of 
10.96 hours of sunlight per day. The predominant wind direction 
in Pondicherry is from the south, southeast, and southwest, with 
wind speeds ranging from a minimum of 1 m/s to a maximum of 
5.6 m/s as hourly average wind speed, as depicted in Fig. 2. The 
hottest daytime hour is May 18th 3 pm and coolest daytime is 
January 5th 9 am from Fig. 2. Pondicherry is often referred to as 
"India’s Little France" or the "Window of France," owing to the 
aesthetic appeal of the buildings along the Boulevard. The 
"Boulevard town" was constructed in an oval shape and divided 
into a European section known as "Ville Blanche" or the "white 
town," and a Tamil section referred to as "Ville Noire." The 
research context focuses on the Tamil side, characterized by 
narrow plots and vernacular colonial-style housing with front and 
back courtyards as in Fig. 3. The Indian National Trust for Art and 
Cultural Heritage (INTACH) has documented the boulevard area 
and marked as grades of heritage value as in Fig. 4, has identified 
about 1195 heritage buildings [24]. A typical residential house of 
Pondicherry has double courtyards which were predominately 
single or double storied. Over time, due to family partitions among  
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landowners, plots have been subdivided into narrow, deep plans, 
with courtyards transformed into light wells. Due to increased land 
value and mixed-use development, new buildings have been 
constructed with 3-5 floors, incorporating open-to-sky (OTS) light 
wells and ventilation shafts for natural lighting and ventilation. 
 
3.2. Base case 
In the heritage area of Pondicherry, the existing conditions reveal 
that the typical deep plan width-to-depth ratio exceeds 1:3, with a 
minimum plot width of 6 meters. The base case model is situated 
on a small plot measuring 6 m × 20 m (a ratio of 3.3), featuring 
stilt on the ground floor for parking and three additional floors 
above. The front road width is 10 meters, and the total building 
height is 14.4 meters, with a floor-to-floor height of 3.6 meters. 
The minimum size of the light well is 3 m × 3 m. Two light wells 
are present, with an area per floor of 84 m², which is within the 
permissible plot coverage area of 80%. The Window-to-Wall 
Ratio (WWR) for openings on the front, rear, and along the light 

well walls is 60%. The building development control permissible 
planning data as in Table 1 and 3D view of the base model with 
the UDI heat map as in Fig. 5. 
 
3.3. Daylight analysis 
The initial step in this study involves determining the form, the 
form derived from the basecase sample. All four cordinal 
orientation, and area ie.. the length and width of the light well to 
achieve an adequate Useful Daylight Illuminance (UDI) for three 
residential floors of 10.8 meters in height. The defined model 
serves as the base case model, with alternatives to the light well 
that remain within contextual limits. The assumptions used for 
daylighting simulation are listed in Table 2. The Galapagos 
evolutionary generative plug-in in Grasshopper is employed to 
filter the maximum mean UDI combined for all floors as the 
fitness, the grasshopper script as in Fig. 6. The list of generative 
parameters as follows:  

1. Location of the light well on the depth of the plot; 

Table 1. Building development control permissible planning data. 
Parameters Value 

Plot size 6 m x 20 m 
Plot area 120 m2 
Plot coverage area @ 75% of the plot area 90 m2 
Front set back 1 meter 
Rear set back 1 meter 
Floor to floor height 3.6 
No. of floors 4 (stilt + 3) 
Height of the building 14.4 meter 
Minimum light well size for 12m height (3 occupied floors) 3 x 3 meter 
Minimum size of the ventilation shaft  2.8 x 1.2 meter 
Typical floor area 84 m2 

 

 
Fig. 1. Methodology flowchart. 
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2. Length and depth of the light well (area), range:  minimum 
of 1.5m to maximum of 8 m; 

3. Orientation – North, south, east and west of the main road; 
4. Single and double light well options. 
5. total built-up area    
Initially, a Galapagos generative for the location of a fixed size 

of light well (options 1,2,4,5 and 6) was conducted, followed by 
generative solutions for random size (options 3 and 7), location, 
and building orientation, as shown in Table 3. After multiple 
Galapagos runs, the results were filtered for floor areas less than 
90 m² and mean UDI exceeding 45%, in accordance with the 
ECBC 17 criteria [21] of the floor area. The image of the heat map 
of the ground floor for all the selected options in Fig. 7 and the 
grasshopper script in Fig. 6. The Options selected for UDI were 
more than 45%, as shown in Table 3, option no 1-3 were with a 
single light well, and no 4-7 were with double light wells. 
 
3.4. The evaluation of natural cross ventilation in light-
wells with acceptable daylighting performance 
It is essential to determine the specific times when natural 
ventilation can potentially contribute to indoor comfort. The 
ventilation rate is the volume of air exchanged within a space over 
a specific time period, usually measured in liters per second. In 

this study, Design Builder 7.3.100.3 has been utilized as graphical 
user interfaces for Energy-Plus 9.4 and CFD simulations to predict 
the airflow pattern inside the deep plan for three floors without 
interior partitions. We tabulate floor wise and take mean of inlet 
and out volume in L/s (liters/ sec) as the ventilation rate, using the 
2-k-ε (standard) as the turbulence model which is suitable for most 
indoor airflow simulations. The boundary conditions considered 
in this study included the inlet and outlet air volumetric flow 
through all the ventilation openings obtained from CFD simulation 
data. The convergent criteria set as residuals < 10−4 for 
turbulence and continuity, the indoor temperature and air speeds 
were monitored to ensure that they remain stable for > 100 
iterations. A simulation was run using 50,000 cells, and 
comparison with coarser and finer meshes showed that the results 
did not significantly change, proving that the solution is 
independent of the mesh size and numerically reliable. With the 
defined bondary conditions, convergent criteria and medium cells 
the ventilation rate is calculated for the Air Change per Hour 
(ACH) and indoor air temperature on each floor. The assigned 
value for Energy plus and CFD analysis as in Table 4.  
 
 

 
Fig. 2. Hourly weather data of Pondicherry: dry bulb temperature, dew point temperature in ºC and wind speed in m/s. 

 

 
Fig. 3. (a)-(d) Existing deep plan building of Boulevard town heritage area in Pondicherry. 
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Accordingly, after modeling the selected 7 options of light wells 
in the Design Builder version 7.3.100.3 simulation program. The 
hourly weather data are depicted in Fig. 2. May 18th at 3 p.m 
correspond to the hottest daytime hour of the year and January 5th 
at 9 a.m. the coolest daytime hour of the year (based on the EPW 
file and hourly weather data). May 18th is identified as the hottest 
day, characterized by nearly 100% relative humidity and a higher 
wind speed of 2.52 m/s, at south west direction and outdoor air 

temperature of 37.4ºC. January 5th at 9 a.m. represents the coolest 
with a wind speed of 1.23 m/s, at south east direction and outdoor 
air temperature of 26.5ºC. From this daylighting analysis results 
as south facing, the base case model is fixed with south facing the 
10 m road as in Fig. 8. The 3D velocity vectors pattern in Fig. 9, 
and in Fig. 10, the top floor plan view of velocity filled contour 
pattern.  

 
Fig. 4. Documented plan of Boulevard town heritage area with grades of heritage building [24]. 

 

 
Fig. 5. Base case building plan and view of base case UDI results for 3 floors. 
 
Table 2. Input assumption for daylight simulation analysis. 

Parameters Assumption 

Blinds & shade Blinds, shades, or internal partitions are excluded from the model 
Surface reflection Ceiling reflectance of 80%, Floor reflectance of 20%, and Wall reflectance of 

50% (as recommended by Energy conservation building code 17 (ECBC) [22] 
The analysis plane 0.8 meters (as recommended by ECBC) [22] 
Analysis period 8 am to 6 pm – 100% of the occupied hour - a total of 3650 hours. 
Analysis Grid 0.6 x 0.6 m (as recommended by ECBC) [22] 
Sky Component CIE uniform sky for Pondicherry location from EPW file 
WWR 60% (for openings on the front, rear, and along the light well walls) 
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The Air Change per Hour (ACH) is a measure of how many 
times the air within a defined space (like a room or building) is 
replaced with fresh air in one hour. Which can be calculated using 
the ventilation rate for that analysis period with volume of each 
floor. According to National building code (NBC) part 8, the 
required air change per hour (ACH) for living rooms 3-6,  
bedrooms 2-4 for a residential use building [22]. The mean indoor 
temperature for each floor was recorded from the Energy-plus 
results. The seven options selected from the daylighting analysis 
were compared with mean ACH and mean indoor temperature for 
all the habitable floors of the options without internal partitions 

and rooms. The results are listed for both the analysis daytime hour 
in Tables 5 and 6. 
 
4. RESULTS 
After conducting several optimisations runs using Galapagos, the 
daylighting performance was assessed in accordance with the 
ECBC 2017 guidelines. The results were refined to include only 
those configurations with a floor area under 90 m² and a mean 
Useful Daylight Illuminance (UDI) covering more than 45% of the 
floor area. The building's orientation facing south, towards the 
adjacent road, consistently achieved the highest UDI values across 

 
Fig. 6. The Grasshopper node for the Daylight simulation for single light well in Honeybee and Galapagos. 

 

 
Fig. 7. Ground floor Heat map of UDI % for Selected 7 options of the Generative results. 
 
Table 3. Selected options of the Generative results with floor area <90 m2, UDI more than 45%. 

Options Light well depth Light well width No. of light wells Volume ration % 
(VA) 

UDI % Orientations 

Base case 3 3 2 20 57.7 South 
1 3.5 5 1 19.33 48.51 South 
2 4 4.5 1 20 48.99 South 
3 3 6 1 20 48.38 South 
4 3.5 2.5 2 19.4 57.47 South 
5 2.5 3.5 2 19.4 56.02 South 
6 4 2.25 2 20 56.38 South 
7 3.3X3.6 1.6X5.9 2 26 56.12 South 
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all configurations as in Table 3. Among the evaluated options, 
configurations with double light wells arranged perpendicularly 
surpassed both single light-well options and the base case model, 
showing a significant improvement in daylight distribution 
throughout the floor plate. Additionally, generative design models 
with randomly sized light wells demonstrated superior daylighting 
performance in both single- and double-well scenarios, 
highlighting the potential of non-uniform geometries to enhance 

daylight access. The natural ventilation performance was 
evaluated based on the air changes per hour (ACH) and mean 
indoor temperature across various building configurations and 
floor levels. The results of CFD analysis indicate that, despite an 
adequate ventilation rate in the assessed light-wells, air velocity 
was significantly below the minimum desirable threshold for 
cooling ventilation (0.5 m/s) for Jan 5th 9am. Conversely May 

Table 4. Assumption and assigned value for Energy plus and CFD analysis in Design Builder. 
Parameter Value 

Energy plus  
Analysis period  10 days (May 12- 21 & Jan 1 -9) 
Activity  residential - 2 bed room + living + kitchen 
Natural ventilation  outside air ac/h = 5.0 
Temperature minimum set point    24 OC 
Construction  Conventional brick wall & RCC roof 
WWR %  60 
Window height  1.5 meter 
Window sill  0.8 meter 
Opening position   Top open 
% glazing area opens  100 
Discharge Coefficient   0.95 
CFD  analysis period of 1 hours (May 18th 3pm and Jan 5th 10am) 
Analysis period  1 hours - May 18th 3pm and Jan 5th 9 am 
Analysis plane  1.1 meter from the floor level 
CDF grid size  0.3 meter 
Number of cells  X=23, Y=62 and Z =31, Total of 44206 cells 
Turbulence  2-k-ε 
Discretisation  Upwind 
Maximum no of iterations  100 
Boundary condition  Inlet and Outlet air flow through windows 
Convergent criteria   < 10−4 

 

 
Fig. 8. View of deep plan building on May 18th 3pm. 
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18th with increased outdoor wind speed the ventilation inside the 
floor improved, achieving wind velocity of 1-1.97 m/s. 
 
4.1. Observation of daylight analysis 
The findings from the daylight analysis elucidate several critical 
insights for optimizing light-well design in deep-plan buildings. 
Firstly, the southern orientation consistently yielded the highest 
daylight performance, with an increase of approximately 2.5–3.7% 
in UDI compared to other orientations. Secondly, configurations 

with double light wells surpassed single-well designs, 
underscoring the benefits of multiple light sources in enhancing 
daylight distribution. Notably, generative models with randomly 
sized light wells demonstrated superior performance across both 
single and double-well configurations, suggesting the potential of 
non-uniform, performance-driven geometries over fixed-size or 
conventional forms. Within the double light well category, 
perpendicular arrangements produced the best results, likely due 
to improved spatial coverage and daylight penetration angles. 

 
Fig. 9. View of 3D velocity vectors on May 18th 3pm. 
 

 
Fig. 10. The top floor plan view of velocity filled contour pattern at May 18th 3pm. 
 

 
Fig. 11. Wind velocity filled contours pattern in top floor plan view Wind direction from South west @ 2.52m/s. 
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Importantly, across all high-performing options, the light well 
volume ratios ranged between 19% and 26% of the total built-up 
volume. 
 
4.2. Observation of CFD analysis 
A. For the hottest day, with 2.52 m/s wind speed as in Table 5 and 
Fig. 11. 

1. The ventilation rate was better in all options with a mean 
ACH of 3.33 – 5.06 and an indoor temperature of 36.5–
38.5°C. 

2. Higher floors have better ventilation than lower floors, and 
the top floor has the highest mean indoor temperature. 

3. Among single court, the option no 1 with well size 3.5 x 5 
m located at the centre of the deep plan performs the best 
for ACH and in the narrow passage on option 2 and 3 have 
higher wind velocity due to venture effect air flow. 

4. Among the double court options, the 5 & 7, perpendicular, 
space apart, and minimum of 3 m wide performed well for 
ACH with 5.06 and 4.46 respectively. 

5. Options 4 with light well closer together have lower mean 
indoor temperature due to its air flow pattern through the 
light wells at close proximity. 

6. In options 2 and 3, with more depth and a single light well, 
the mean ACH is lower than all the options. 

B. For coolest daytime, with 1.23 m/s wind speed as in Table 6 
and Fig. 12. 

1. The ventilation rate is lower in all the options with a mean 
ACH of 1.33 – 2.61 as the outside wind velocity of 1.23m/s 
and with an indoor temperature of 28.5–29.2 °C, as shown 
in Figs. 13 and 14. 

2. Among single court the option no 2 with well size 4 x 4.5 
m located at the centre of the deep plan performs the best 
for ACH 

3. Among the double court options, 5 and 6, perpendicular, 
space apart, and a minimum of 3 m wide perform well for 
ACH. 

4. Options 4 with light well closer together have lower mean 
indoor temperature. 

5. Options 1 and 3, with more depth and a single court of light, 
have a lower mean ACH. 

Table 5. The Mean ACH, Mean indoor temperature, and velocity-filled contour pattern for the base case and seven options on May 18th at 3pm. 
ACH in 𝒉𝒉−𝟏𝟏 (Air Change per Hour) 

Floor Base case Option - 1 Option - 2 Option - 3 Option - 4 Option - 5 Option - 6 Option - 7 
I 4.08 3.55 3.38 2.88 3.74 3.50 2.53 3.60 
II 4.24 4.84 4.05 3.37 4.25 5.82 4.20 4.34 
III 3.76 4.85 4.85 3.74 4.99 5.85 4.09 5.45 
Mean 4.03 4.41 4.09 3.33 4.33 5.06 3.61 4.46 
Mean indoor temperature in ºC for each floor 
Floor Base case Option - 1 Option - 2 Option - 3 Option - 4 Option - 5 Option - 6 Option - 7 
I 38.2 37.3 37.9 37.7 36.3 38.2 37.3 37.4 
II 38.0 37.4 38.1 37.8 36.4 38.0 37.6 37.7 
III 38.9 38.5 38.3 38.2 37.5 38.9 38.1 38.3 
Mean 38.4 37.7 38.1 37.9 36.7 38.4 37.7 37.8 

 

 
Fig. 12. Wind velocity filled contours pattern in top floor plan view on January 5th 9 am for wind direction from South East and wind speed of 1.23 m/s. 
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These findings underscore the importance of light well geometry, 
positioning, spacing, and depth as interrelated parameters that 
must be carefully balanced to enhance natural ventilation. While 
certain configurations may optimize air change rates, achieving 
thermal comfort in hot-humid climates likely requires a 
combination of design strategies beyond passive ventilation alone.  

The findings of this study align with and extend previous 
research on the role of light wells in enhancing daylighting and 

natural ventilation performance. For instance, the superior 
performance of southern-oriented light wells supports earlier 
conclusions by Kristl and Krainer [1], who found orientation to be 
a critical factor in maximizing daylight availability. Similarly, the 
effectiveness of double light well configurations, particularly 
those arranged perpendicularly, is consistent with the work of 
Alah et al. [7], who demonstrated that geometric variation and 
spatial distribution significantly affect environmental performance. 

Table 6. The Mean ACH, mean indoor temperature and Velocity filled contour pattern for the seven options on January 5th 9 am, outside temperature of 
26.5 and wind speed of 1.23 m/s. 

ACH in 𝒉𝒉−𝟏𝟏 (Air Change per Hour) 
Floor Base case Option - 1 Option - 2 Option - 3 Option - 4 Option - 5 Option - 6 Option - 7 
I 1.21 1.42 1.55 1.41 1.80 1.86 1.76 1.80 
II 1.31 2.12 2.39 1.55 2.02 2.65 2.46 2.27 
III 1.48 2.40 2.40 1.77 2.16 2.74 3.60 2.23 
Mean 1.33 1.98 2.11 1.58 1.99 2.42 2.61 2.10 
Mean indoor temperature in ºC for each floor 
Floor Base case Option - 1 Option - 2 Option - 3 Option - 4 Option - 5 Option - 6 Option - 7 
I 28.73 28.8 28.7 28.66 28.5 28.63 29.2 28.94 
II 28.65 28.4 29.3 28.94 28.3 28.33 28.91 28.71 
III 29.14 29 29.5 29.71 28.7 28.77 29.46 29.28 
Mean 28.8 28.7 29.2 29.10 28.5 28.6 29.2 29.0 

 

 
Fig. 13. Mean ACH for all the options on May 18th 3pm and Jan 5th 9am. 
 

 
Fig. 14. Mean ACH for all the options on May 18th 3pm and Jan 5th 9am. 
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This study adds to the existing body of knowledge by employing 
a generative design approach, which enabled the exploration of 
thousands of light-well configurations based on real climate data. 
Unlike previous studies that relied on static models or limited 
variations, the use of Ladybug, Honeybee, and Galapagos 
facilitated an optimization process that revealed a critical volume 
ratio threshold (≥20%) for achieving acceptable daylight and 
ventilation levels in deep-plan buildings. This threshold not only 
corroborates earlier work (e.g., Muhsin et al. [17]) but also 
provides quantitative design guidance for both new construction 
and retrofitting projects in heritage or high-density urban zones. 

In this study, the interaction between daylighting and natural 
ventilation in deep-plan buildings was investigated using 
generative design and environmental simulation techniques. The 
results indicate that the orientation, light well configuration, and 
well size significantly affect both daylight availability and 
ventilation performance. However, this study has several 
limitations. The CFD analysis was conducted solely for south-
facing configurations, selected for optimal daylighting outcomes, 
which may not represent performance across all orientations. The 
Daylight and ventilation simulations were based on open floor 
plans without internal partitions. Although this simplification 
facilitates comparative analysis, it does not account for the 
complexities of typical interior layouts. The results should be 
regarded as indicative rather than definitive, offering guidance for 
early-stage design decisions related to light well sizing and 
positioning rather than final design solutions. Validating the 
simulation results through field measurements was not feasible 
owing to difficulties in accessing comparable traditional deep-plan 
buildings, leaving empirical confirmation of the findings for future 
investigation. Despite these limitations, this study provides 
valuable insights into passive design strategies for enhancing 
indoor environmental quality in dense urban and traditional 
contexts. Future research should encompass a broader range of 
orientations, incorporate internal spatial divisions, and explore 
opportunities for real-world validation to enhance the applicability 
of the results.  

 
5. CONCLUSION 
In this study, a pattern of double light wells arranged 
perpendicularly has been proposed to enhance daylighting and 
natural ventilation for a typical base case plot size of 6 x 20 meters. 
The natural ventilation performance of these light wells has also 
been assessed. The study's findings indicate that double 
rectangular light wells of 3.5 x 2.5 meters in option 5 and 6 and a 
random size in option 7 provide UDI of more than 50% of the floor 
area. These rectangular light wells were chosen for the natural 
ventilation study due to their satisfactory daylighting performance. 
The results suggest that incorporating a light well with a volume 
exceeding 20% of the total building volume is a critical design 
criterion for optimizing daylighting and ventilation in deep-plan 
configurations. This volumetric threshold serves as a key 
performance indicator for future generative design studies and 

may inform passive design strategies in similar climatic and 
spatial contexts. 

The study recommends adopting a minimum 20% light well 
volume ratio as a design benchmark for enhancing passive 
environmental performance in heritage-sensitive areas, applicable 
to both existing and newly proposed buildings. Under these 
evolving scenarios, the recommended light-well dimensions and 
volume ratio continued to perform effectively. However, in this 
study method to validation from field data for daylighting and 
natural ventilation performance for the given context was not 
possible, which could be for future extended research. This 
indicates that the proposed design strategy is not only effective for 
current built forms but is also scalable and adaptable to future 
densification patterns. Consequently, this study's 
recommendations can inform policy and building guidelines for 
sustainable urban development in tropical heritage cities. 
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