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In the building design process, optimizing windows is critical for improving a building's
energy efficiency, as it balances the needs for natural lighting, heating, and cooling.
Previous studies have explored various factors affecting window performances, including
size, orientation, and glazing properties. Several techniques and methods have
demonstrated that building envelope characteristics, such as the window-to-wall ratio
and shading devices, significantly impact natural lighting and energy consumption.
However, with the rapid technological advancements in the construction industry, one
persistent challenge remains the need to save time in the design process. This article
explores a parametric method for optimizing window surface areas in a residential house
project using Dynamo and Python within a Revit environment. The goal is to ensure that
each room achieves a target level of natural illuminance expressed in lux, while meeting
energy efficiency and aesthetic requirements. This approach is based on precise
calculations aligned with lighting standards and automation using Dynamo and Python.
Initially, we manually calculated the window areas required to meet the target
illuminance levels for each room. This was followed by a parametric method, which
began with the creation of shared parameters linked to the windows in a pre-designed 3D
architectural model and the development of Dynamo scripts to calculate room and
window areas in the base model. Subsequently, we developed scripts using Dynamo and
Python within Revit to calculate the required window opening areas to achieve the target
illuminance level and adjust the window dimensions accordingly. Finally, we compared
the manual and parametric approaches. The results of this research provide a
streamlined and efficient solution for window optimization during building design,
ensuring compliance with lighting standards while enhancing energy performance.

Keywords: Window Parametric Optimization, Window Optimization, Parametric
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INTRODUCTION

In the construction industry, natural light plays a
crucial role in ensuring occupant comfort and
reducing energy consumption. It is also a key
factor in achieving LEED certification (Newsham et

al. 2009). A review of the literature on the impact
of window surfaces on illuminance and thermal
performance reveals diverse approaches across
various studies. (Moscoso et al. 2021) suggest
that while larger windows enhance daylighting,
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they can also lead to excessive heat gain,
increasing cooling and heating loads. In contrast,
(Kim et al. 2016) argue that horizontal windows
placed higher on south-facing walls provide the
best balance between daylighting and thermal
performance in mild climates (Lartigue et al.
2014). Thermal comfort, energy consumption,
and CO2 emissions are significantly influenced by
window-to-wall ratio, position, and orientation
(Bhandari and Sundaram 2019; SHAHID and
KARIMI 2022). North-facing windows tend to
lower indoor temperatures but increase heating
costs, whereas south-facing windows have the
opposite effect. Optimizing window size and
placement is critical for improving a building's
energy efficiency (Khadraoui and Sriti 2018) and
can reduce annual cooling loads by 30% and
overall energy consumption by 24% (Elghamry
and Hassan 2020). Furthermore, window size and
reflectivity impact the external thermal
environment, with varying effects depending on
time of day, season, and spatial context (Zhang et
al. 2024; Singh and Bansal 2004; Perera and
Sirimanna 2014). These findings offer architects
and urban planners valuable insights into
designing sustainable buildings that maximize
occupant comfort while minimizing energy losses.
However, balancing sufficient daylight with
thermal efficiency remains a challenge in building
design. Parametric optimization of window
surfaces offers an innovative solution by
integrating computational tools to enhance
energy efficiency and lighting comfort. This article
explores how Revit, Dynamo, and Python can be
used to automate the optimization of window
surfaces in a Revit architectural model, ensuring
that each room achieves a defined target
illuminance level.

KEY PARAMETERS AFFECTING
DAYLIGHT PERFORMANCE IN BUILT
SPACES

The amount of natural light in a room depends on
several factors. The size and position of window
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openings are crucial, as larger windows allow
more light to enter, and the window'’s orientation
also plays a role: south-facing windows capture
more light than north-facing ones in the northern
hemisphere (Baker and Steemers 2014). The light
transmission of glazing is another key factor, with
different glazing types; single, double, or triple
glazing affecting light levels. Additionally, low-
emissivity glazing can reduce light transmission
(Robbins 1985). Climate and latitude also
influence daylight availability, with shorter days in
winter and longer, brighter days in summer
(Littlefair 2001). Internal factors, such as room
depth and the reflectivity of surfaces, can enhance
light diffusion, as lighter colors and reflective
materials help spread daylight (Peter Tregenza
and Michael Wilson 2013). Finally, external
obstructions, such as neighboring buildings,
trees, or landforms, can reduce the amount of
natural light entering a space (Lechner and
Andrasik 2022).

RESEARCH OBJECTIVES AND
METHODOLOGY

During the architectural design phase, several
parameters influence the effectiveness of the
building's various windows. Key factors include:
the shape of the building, the orientation of the
windows relative to the rooms they serve, the type
of glazing, the glazed surface area, the solar
factor, visible light transmission, the thermal
transmittance  coefficient, airtightness and
installation quality, the type of opening, solar
protection and  shading  devices, the
environmental context, the desired aesthetic for
the facade, and acoustic insulation.

Although these factors are well known, they
do not in themselves guarantee an optimal
window selection for each room. The final
decision regarding the window surface area
remains critical in achieving a balance between
sufficient natural lighting and minimized energy
loss. This highlights the need for a clear and
structured method to optimally determine



Figure 1

Floor plan of the
architectural
model

window surface areas, once the window type and
glazing have been selected for a given project.
The aim of this research is to explore, through
a case study of a Revit architectural model for a
housing project, a method for the parametric
optimization of building windows surfaces based
on targeted illumination levels in specific rooms
of building using BIM tools. Window sizing is
often carried out empirically during the
architectural design phase, which can lead to
suboptimal  daylighting  results.  Oversized
windows can increase heat loss and construction
costs, while windows that are too small limit
daylighting. Therefore, optimizing fenestration is
essential to strike the right balance between
minimizing light loss, heat loss, and construction
costs. The results of this study could guide
architects during the development phase, helping
them optimize windows while meeting the target
illuminance levels for each room. The research
methodology is divided into five stages:
1. Modeling the 3D architectural model
and creating shared parameters:
2. Selecting a room and calculating the
required glazing area to achieve the
target illuminance in the room.

Once the architectural model was completed, we
proceeded to the calculation method for a
selected room.

The illuminance calculation follows the
“Lumen Method of Daylighting," which asserts

3. Creating Dynamo  scripts  that
geometrically link each window to the
room to which it is attached, calculating
the adjustment conditions for each
room using Dynamo and Python, and
determining the adjustment factor for
the windows relative to each room.

4.  Applying the new window dimensions
to the 3D model.

5. Comparing the calculated results with
those obtained after running the script.

RESEARCH ACTIVITIES

To conduct our research, we began by creating a
3D architectural model of a dwelling, which
served as the foundation for the entire study.

Creation of the Architectural Model
and Shared Parameters Using Revit

Our housing project is a single-storey building
that includes an entrance hall, a visitor's WC, a
living room, a dining room, a kitchen, a storage
area, and a stairwell on the ground floor. The first
floor contains three bedrooms, two bathrooms, a
WOC, and a dressing room. The architectural model
is represented by the Figure 1.

x
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that knowing the exact illuminance at every point
in the room is unnecessary. Instead, the average,
minimum, and maximum illuminance values are
sufficient for architects and lighting designers
(Biesele et al. 1953).
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In this research, the minimum glazing area
required to achieve a target illuminance in a given
room is determined using the average
illuminance formula from the Lumen Method of
Daylighting (Biesele et al. 1953), which is
expressed as follows:

Esavg
Eig X Ay X Ksqpg X Tg X Tyy X M. F 16
Ar
E X A
AW — savg f (2)
Eis X Ksavg X Tg X Tyy X M. F
Where:

e E savg = Average Work Plane
Ilumination  from  Sky Light,
footcandles.

e Eis= lllumination Incident on
Vertical Windows from Sky Alone,
footcandles

e A = Area of masonry opening for
window, square feet

e Ksavg - Average lllumination
Coefficient for Sky Light (considered
1.0 - for Overcast Sky Condition)

e Tg=Transmittance = of  glazing
(considered 0.7 for low emissivity
coated glass)

e Tw = Ratio of clear window opening
to masonry opening (considered -
0.8 for typical metal window
construction).

e MF. = Maintenance Factor
(considered 1.0- representing initial
conditions).

Consider the kitchen in our 3D model, with an
area of 17 m? The application of equation 2
reveals that the glazing area is Aw = 2.27 m2.

Consider the Dining room in our 3D model,
with an area of 23 m?, the application of equation
2 reveals that the glazing area is Aw = 2.05 m2.

Once the calculation method was completed,
we proceeded to create the shared parameters:
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Window_room: A shared parameter
linked to both the window and the
room. It indicates the name of the
room attached to a given window,
and vice versa, the name of the
window attached to a given room.
Glazing Area: A shared parameter
linked to windows that extracts the
glazing area of each window.

> _Glazing Area: A shared parameter
linked to windows, used to calculate
the total glazing area of all the
windows in a given room.
Illuminance: A shared parameter
linked to the rooms in the model,
used to define the target
illuminances for each room.
Adjustment Con: A  shared
parameter linked to the rooms in
the 3D model, used to display the
result of the adjustment condition
calculation for the windows, via the
Dynamo script coupled with Python.
Min_Glazing Area Required: A
shared parameter linked to
windows, used to calculate the
minimum glazing area for all
windows in a given room.

Factor Adjustment: A project
parameter linked to rooms, used to
display the result of the window
adjustment factor calculation for
each room.

Width: A shared parameter linked to
windows, used to extract the width
of the window before optimization.
Length: A shared parameter linked
to windows, used to extract the
length of the window before
optimization.

N_Width: A shared parameter linked
to windows, displaying the new
width of the window required to
achieve the target illuminance.



Figure 2

Script Establishing
the Relationship
Between the
Room and
Window(s)

Figure 3

Dynamo scripts to
determine
adjustment
condition and
adjustment factor

e N_Length: A shared parameter
linked to windows, displaying the
new length of the window required
to meet the target illuminance.

Creation of the Dynamo Scripts
In this stage of our research, we developed
several Dynamo scripts. The first script in Figure 2
allows to create room volumes and the windows
attached to each room, establishing a link
between the rooms and their respective windows.
Using the shared parameter Window_room,
the script in Figure 2 links each room to the

various windows attached to it. This connection
allows for the necessary calculations to optimize

the window openings to meet the targeted
lighting requirements for each room.

The second script in Figure 3 extracts data for
room surfaces, window surfaces, and target
illuminance levels for each room. It then calculates
the adjustment conditions for the windows in
each room. The illuminance condition is
determined by linking the Dynamo script with
Python, following the Lumen Method of
Daylighting.
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After running this script on the left side of the
Figure 3, it identifies the windows in the model
that require adjustment to meet the target
lighting levels.

The third script on the right side of the Figure 3
calculates the adjustment factor for windows that
cannot meet the required conditions. This
adjustment factor is applied to ensure the
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minimum glazing area is achieved to meet the
target illuminance in the affected rooms.

Figure 4 represents the global script, which,
once executed, performs the tasks described in
Figure 3 and Figure 4. The results are immediately
visible and organized in the schedules/quantities
section of the Revit interface, displayed as a table.
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The various Dynamo scripts created operate
sequentially as follows: the script first associates
each window with the room or rooms to which it
is connected, using the intersection between the
geometry of the window volume and that of the
room. The underlying principle is based on
generating an extrusion of the window's
bounding volume, such that the extruded
geometry intersects with the room volume. In this
way, the relevant parameters related to the
windows and rooms are extracted, and the

necessary calculations are
explained in the previous section.

performed, as

RESULTS

After creating the 3D model and defining the
various parameters (both project-specific and
shared), the executed scripts produce the
following results. In this section of our study, we
present the results before and after optimizing
the windows in our 3D model, organized as
follows.

[ Level 1 [ Level 2 =] Room Schedule Before Compilat... X [~ Room Schedule After Compilation
<Room Schedule Before Compilation>
A B | ¢ D | E [ F G
Number . Name Level | Area Window_room Y _Glazing Area lllumi

01 Entrance Level 1 12.00 W_(850 x 1100), 0.586942 300
02 Living R Level 1 35.80 W_(1100 x 1100), W_(1100 x 1100), 1656883 350
03 Dining R Level 1 22.85 W_(1500 x 1100), 1.214842 500
04 Kitchen Level 1 16.93 W_(1200 x 1100), 0.925042 750
05 Storage Level 1 1149 W_(750 x 1000), 0.490342 300
06 Staircase Level 1 9.83 W_(900 x 900), 0.306442 200
07 w.C Level 1 4.96 W_(750 x 1000), 0.490342 150
08 Bedroom 3 Level 2 16.93 W_(1200 x 1100), 0.925042 300
09 Bedroom 2 Level 2 2329 W_(1500 x 1100), 1.214842 300
10 Bathroom 02 Level 2 9.62 W_(850 x 1100), 0.586942 300
1" Bedroom 1 Level 2 2439 W_(1500 x 1100), 1214842 300
12 Dressing Level 2 10.28 W_(1200 x 1100), 0.925042 350
13 Bathroom 01 Level 2 6.69 W_(750 x 1000), 0.490342 300
14 wC Level 2 6.40 W_(750 x 1000), 0.490342 300
15 SAS Level 2 9.00 0 300

The Figure 5 presents the initial results from
our 3D model, including the various project and
shared parameters created before the windows
were optimized. it is the outcome of the first script
on Figure 2, which establishes the relationship
between the room and its attached window(s). It
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shows the floor where each room is located on,
the windows attached to each room, the target
illuminance for each room, and the total glazing
area for each window.

Figure 4
Global Dynamo
script

Figure 5

Room schedule
before
compulation



Figure 6 [ Level 1 [ Level 2 = Window Schedule before OPtimi... X

Windows schedule . N

before <Window Schedule before OPtimization>

optimization A B C D E E

Family and Type Level Window_room Largeur Hauteur Glazing Area

Aluprof: 900 x 900 Level 1 Staircase 0.90 0.60 0.31
Aluprof: 750 x 1000 Level 1 Storage 0.75 1.10 049
Aluprof: 750 x 1000 Level 1 w.C 0.75 1.10 0.49
Aluprof: 1100 x 1100 Level 1 Living R 1.10 1.10 0.83
Aluprof: 1100 x 1100 Level 1 Living R 1.10 1.10 0.83
Aluprof: 850 x 1100 Level 1 Entrance 0.85 1.10 0.59
Aluprof: 900 x 1100 Level 2 Staircase void 0.90 1.10 0.64
Aluprof: 1500 x 1100 Level 2 Bedroom 2 1.50 1.10 121
Aluprof: 750 x 1000 Level 2 Bathroom 01 0.75 1.10 049
Aluprof: 1500 x 1100 Level 2 Bedroom 1 1.50 1.10 121
Aluprof: 850 x 1100 Level 2 Bathroom 02 0.85 1.10 0.59
Aluprof: 1200 x 1100 Level 2 Bedroom 3 1.20 1.10 0.93
Aluprof: 1200 x 1100 Level 2 Dressing 1.20 1.10 0.93
Aluprof: 1200 x 1100 Level 1 Kltchen 1.20 1.10 0.93
Aluprof: 1500 x 1100 Level 1 Dining R 1.50 1.10 1.21
Aluprof: 750 x 1000 Level 2 wcC 0.75 1.10 0.49

Figure 6 displays different window families  surfaces, window surfaces, target illuminance for
and types used in the model before optimization, each room, and determines the adjustment
including information on the floor location, width,  conditions for the windows, produces the results
height, and glazing area. The second script onthe  shown in the table on Figure 7 once executed.
left side of Figure 3, which extracts data on room

Flgure 7 [ Level1 [ Level2 [ Room Schedule Before Compilation = Room Schedule After Compilation X
Room schedule .
after compilation <Room Schedule After Compilation>
A [ B [ ¢ [ob] E \ F [ 6 ] H [ J
Number Name = Level Area Window_room ¥ Glazing Area __llluminance Ajustment con | Min_Glazing Area required : Factor Adj
05 Storage Level 1 1" W_(750 x 1000), 0.490342 300 0.125024 0.615365 1.254972
01 Entrance Level 1 12 W_(850 x 1100), 0.586942 300 0.056175 0.643117 1.095709
02 Living R Level 1 36 W_(1100 x 1100), W_(1100 x 1100), 1.656883 350 0.580446 223733 1.350324
03 Dining R Level 1 23 W_(1500 x 1100), 1.214842 500 0.82536 2.040202 1.679398
07 W.C Level 1 5 W_(750 x 1000), 0.490342 150 -0.357466 0 0
04 Kitchen Level 1 17 W_(1200 x 1100), 0.925042 750 1.342848 2.26789 2451662
06 Staircase Level 1 10 W_(900 x 900), 0.306442 200 0.04474 0.351181 1.145998
09 Bedroom 2 iLevel 2 23 W_(1500 x 1100), 1.214842 300 0.032604 1.247446 1.026838
13 Bathroom 01 iLevel 2 7 W_(750 x 1000), 0.490342 300 -0.13193
1" Bedroom 1 iLevel 2 24 W_(1500 x 1100), 1.214842 300 0.091699 1.306541 1.075482
08 Bedroom 3 iLevel 2 17 W_(1200 x 1100), 0.925042 300 -0.017886
10 Bathroom 02 iLevel 2 10 W_(850 x 1100), 0.586942 300 -0.071819
14 WC Level 2 6 W_(750 x 1000), 0.490342 300 -0.147476
12 Dressing Level 2 10 W_(1200 x 1100), 0.925042 350 -0.282842 0.6422 0.694239
15 SAS Level 2 9 0 300 0.482031 0.482031

Volume 2 - Confluence - eCAADe 43 | 193



Once the script on the left side of the Figure 3
is executed, the results are displayed in the
supplementary table, where the adjustment
conditions are listed in column H of the figure 7.
The script is designed to evaluate whether the
glazing area of each window is sufficient to
achieve the target illuminance in its
corresponding room. If the adjustment condition
is less than zero, the window's glazing area is
adequate. However, if it is greater than zero, the
glazing area is insufficient and requires
adjustment. In such cases, the script calculates
and provides the minimum glazing area needed

to meet the target illuminance as shown on
column | of the Figure 7.

At this stage, we proceed with determining
the adjustment factor for the windows that need
modification to ensure their glazing area meets
the required illuminance level. To do this, we run
the third script on the right side of figure 3, which
calculates the necessary adjustment factor. Once
executed, the script generates the results shown
on column J of the Figure 7. To apply this factor
to the relevant windows, we used the global
dynamo script shown on Figure 4, which, once
executed, produces the following results.

[ Level1 ) Level 2 ] Room Schedule Before Compilation =] Room Schedule After Compilation X ( Section 1
<Room Schedule After Compilation>

A B C E | F | 6 | H 1 J
Number Name Level Area Window_room Y Glazing Area Ajustment con Min_Glazing Area required | Factor Ad
05 Storage Level 1 1" W_(1200 x 1100) 0.925042 300 -0.309676 0 0
01 Entrance Level 1 12 W_(1100 x 1100), 0.828442 300 -0.185325 0 0
02 Living R Level 1 36 W (1800 x 1100), W_(1500 x 1100), 2719483 350 0482154 0 0
03 Dining R Level 1 23 W_(2300 x 1100), W_(2300 x 1100), 3.975283 500 -1.935081 0 0
07 W.C Level 1 5 W_(750 x 1000), 0.490342 150 -0.357466 0 0
04 Kitchen Level 1 17 W_(2600 x 1101), 2.277442 750 -0.009552 0 0
06 Staircase Level 1 10 W_(1100 x 600), 0.399642 200 -0.04846 0 0
09 Bedroom 2 Level 2 23 W_(2100 x 1100), 1.794442 300 -0.546996 0 0
13 Bathroom 01 Level 2 7 W_(750 x 1000), 0.490342 300 -0.13193
1 Bedroom 1 Level 2 24 W_(2300 x 1100) 1.987642 300 -0.681101 0 0
08 Bedroom 3 Level 2 17 W_(2000 x 1100), 1697842 300 -0.790686
10 Bathroom 02 Level 2 10 W_(850 x 1100), 0.586942 300 -0.071819
14 WC Level 2 6 W_(1100 x 600), 0.399642 300 -0.056776
12 Dressing Level 2 10 W_(1200 x 1100), 0.925042 350 -0.282842 0 0
15 SAS Level 2 9 0 0 0 0
16 Void on Stairc:Level 2 6 W_(900 x 1100), 0.635242 150 -0.479633

As shown in columns | and J of the Figure 8,
the results after executing the general script
confirm that the windows in the model are
sufficient to achieve the target lighting levels for
each room.

COMPARISON OF RESULTS

The calculation method determined that to
achieve 750 lux in the Kitchen, with a floor area of
17 m?, the required glazing area was equal to 2.27
m2. Comparing this with the Minimum required
Glazing area obtained as shown on Figure 7 on
column | after running the second script on the
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left side of Figure 3, the glazing area obtained by
the script was equal to 2.28789 m?, which rounds
to 2.27 m?, confirming accuracy.

Similarly, for the Dining room, with a floor
area of 23 m? achieving an illuminance of 300 lux
required a calculated glazing area 2.05 m2 The
third script's results show a computed glazing
area of 2.040202 m? as shown on Figure 7 on
column I, which rounds to 2.05 m? further
validating the method.

Figure 8

Room and
windows schedule
after compilation



CONCLUSION

To parametrically optimize window surfaces and
achieve the target illuminance levels in each
room, an architectural 3D model was developed,
incorporating various parameters and scripts to
perform the required calculations for glazing
surfaces. This process, which involved minimal
data storage, was carried out using Revit,
Dynamo, and Python, which were utilized to
create parameters, scripts, and calculations. The
results of the calculations indicate that, for
consistent values of external illuminance
E_outside=10000 lux with an overcast sky, the
required window glazing area varies based on
room surface area and target illuminance. This is
true even with fixed values for factors such as
average lIllumination Coefficient for Sky Light
(Ksavg), glazing transmittance (Tg), window-to-
masonry ratio (Tw), and maintenance factor (M.F.).
Furthermore, the scripts generate reports quickly,
providing the optimal window area for each room
to achieve the target illuminance. This enables
easy updates to the 3D model, supporting
evidence-based decision-making, controlled
lighting management, cost optimization, and
significant time savings for designers. This
research highlights the importance of carefully
selecting input data, particularly the various
factors and coefficients related to illuminance and
glazing types. The proposed approach is
applicable to larger design models, requiring only
clear organization of project datas.
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