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This study investigates the application of generative design through
Autodesk Forma, a cloud-based Al platform, to optimise architectural
decision-making in the preliminary design stage of a ten-story hotel in
Cirebon City, Indonesia—a region characterised by a hot and humid climate.
The research employed simulations based on five environmental
parameters: sun hours, daylight potential, wind distribution, microclimate
conditions, and solar energy. Three optimal models were selected based on
orientation, spatial configuration, and environmental responsiveness.
Subsequent development simulations were conducted on these three
models by refining openings, adding vegetation, and enhancing shading
strategies. Model-2 emerged as the best-performing design. It
demonstrated an energy efficiency potential of approximately 23%,
achieved through improved daylighting (VSC > 27% on most facades),
reduced reliance on artificial cooling due to stable microclimatic conditions
(temperatures moderated by 2—3°C during peak hours), and the integration
of solar panels generating an estimated 165,000 kWh/year from 40% roof
coverage at 10% efficiency. The results confirm that Al-driven generative
design can significantly accelerate the design process while enhancing
environmental performance. This approach supports energy-efficient
architecture in tropical regions, although it requires access to advanced
technology, skilled practitioners, and robust internet connectivity.
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1. INTRODUCTION

Preliminary design is the foundation of successful building planning. This stage not only determines
the aesthetic and functional direction of the building but also influences sustainability, cost efficiency, and
overall project collaboration. At this stage, the project's initial vision is realised as a design concept that
provides a basic framework for further development. Decisions made at the preliminary design stage will
affect all aspects of the project, including functionality, aesthetics, sustainability, cost efficiency, and
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implementation schedule. Therefore, understanding the importance of preliminary design is key to ensuring
the project's overall success.

Preliminary design serves as the main guide for all project planning and implementation stages. A
study by Ching [1] emphasises that this initial design framework influences how the building will function in
the context of its use. According to Smith & Lee [2], buildings designed with sustainability in mind from the
early stages can reduce energy consumption by up to 30% compared to buildings that do not adopt this
approach. According to a report by the American Institute of Architects [3], up to 70% of project cost
decisions are made at the early design stage. Thus, resolving design issues at this stage can avoid delays and
budget overruns. A study by Jones shows that cross-disciplinary collaboration at the preliminary design
stage can increase project efficiency by up to 25% [4]. This is because all parties have a shared
understanding of the project's goals and constraints. According to research by Zhang, risk management
conducted at the early stages can reduce potential problems during construction by up to 40% [5].

In the architecture industry, therefore, the preliminary design stage plays a crucial role in
determining the project's overall success. At this stage, the design decisions will affect the project's various
aspects such as aesthetics, functionality, cost, and sustainability. However, the decision-making process at
this stage often faces challenges of high complexity and uncertainty. Therefore, a more intelligent and
adaptive approach is needed to optimise the design, such as using artificial intelligence assistance.

Artificial intelligence (Al) has changed how architects design, analyse, and implement their
projects. With the ability to analyse complex data, simulate various scenarios, and generate innovative
designs, Al offers unprecedented efficiency in this industry in architecture [6]. Al is used in multiple aspects.
First, generative design helps create alternative designs based on specific parameters, such as energy
efficiency, occupant comfort, and material availability. Second, simulations and analyses use environmental
data to predict building performance concerning climate, energy use, and natural lighting. Third, an
automation Process to accelerate manual tasks such as layout creation, technical documentation, and
construction cost estimation.

Generative design is an Al-based approach that allows users to generate multiple design
alternatives based on specific parameters, such as energy efficiency, materials, and costs. In architecture
and construction, generative design has proven to enhance project efficiency, creativity, and sustainability.
This technology is increasingly becoming an essential part of the industry in developed countries, while its
application in developing countries, including Indonesia, is still minimal. Therefore, it is necessary to
introduce the application of generative design to optimise design decisions in the preliminary design stage
in Indonesia.

Developed countries like the United States, Canada, and various European countries have widely
utilised generative design. This technology is used for multiple purposes, including urban planning, such as
in the cities of Toronto and Singapore, using generative design to design efficient and environmentally
friendly urban layouts [7]. Energy Efficiency, such as the Edge project in Amsterdam, uses generative design
to optimise natural light and ventilation [8] and development. Innovatively, in the housing sector,
generative design helps create modular residences that are quickly built yet still meet sustainability
standards [9]. The success of implementing generative design in developed countries is supported by access
to high technology, skilled labour, and significant investments in research and development.

In developing countries, such as Indonesia, the adoption of generative design still faces many
obstacles, such as limited access to technology like Autodesk Forma software or Rhino + Grasshopper,
which require reliable hardware and internet connections that are not always available in Indonesia [10].
The limitation of human resources, such as the lack of skilled labour in using generative design tools, has
become a significant obstacle [11]. Implementation costs, such as the licensing fees for generative design
software, are often too expensive for many small to medium-sized architectural firms in developing
countries, and there is a lack of awareness of the potential of this technology to enhance design efficiency
and innovation. Nevertheless, with the right strategy, Indonesia can leverage generative design to tackle
the challenges of urbanisation and create a more sustainable future.

Autodesk Forma excels as a generative design platform specifically designed to meet the needs of
architecture and urban planning. With real-time data integration [12], multivariate design options [13],
cloud-based collaboration capabilities, and support for in-depth environmental analysis with BIM
compatibility [14] , Autodesk Forma provides comprehensive solutions for the preliminary design stage.

While other tools like Rhino + Grasshopper or Houdini offer high flexibility for creative design, they
require greater technical expertise and are less suitable for integration with BIM. On the other hand, tools
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like Test-Fit are more limited in scope, focusing on site planning without in-depth building design
capabilities, as well as Revit + Dynamo with more limited generative capabilities.

This study explores the potential of Al-assisted generative design to optimise preliminary design
decisions in tropical, hot-humid climates, using Autodesk Forma as a simulation platform. Through a case
study of a ten-story hotel in Cirebon, West Java, the research examines how early-stage simulations based
on sun hours, daylight potential, wind patterns, microclimate conditions, and solar energy can inform
environmentally responsive design strategies.

2. RESEARCH METHOD

This research adopts a simulation-based case study methodology to evaluate the effectiveness of
generative design, using Autodesk Forma, in optimising architectural decision-making during the
preliminary design stage. The study focuses on a ten-story hotel building in Cirebon, a city with a hot and
humid climate, to examine how Al-assisted design can contribute to energy efficiency, environmental
responsiveness, and spatial optimisation from the earliest stages of development.

The research process is divided into two phases. In the first phase, the Autodesk Forma platform
generates and evaluates building design alternatives for the project site on JI. Siliwangi is imported into the
software using its geospatial mapping tools, which allow the contextual placement of the building within its
real-world surroundings. This includes mapping adjacent structures, access roads, and environmental
elements, such as solar exposure zones and wind corridors. Regulatory parameters are then input, including
a maximum building height of 60 meters, a building coverage ratio (KDB) of 70%, a floor area ratio (KLB) of
8.4, a minimum green area of 15%, and a setback (GSB) of 8 meters. Environmental inputs—such as
temperature, humidity, wind patterns, and sun paths—are loaded from local meteorological data and
integrated through Forma’s climate data layers. Environmental data in Autodesk Forma were sourced from
integrated global meteorological and geospatial databases, including Meteonorm, OpenStreetMap, and
satellite-derived solar radiation datasets. The platform interpolates these datasets based on the precise
project site coordinates to simulate local climatic conditions.

The generative design engine in Autodesk Forma is configured with key architectural targets: a
building with ten floors, a minimum width of 18 meters, integrated vegetation, and optimal orientation
toward the north or south to reduce heat gain. Based on these inputs, the platform generates 54 design
alternatives using multi-variable algorithms, considering spatial efficiency and environmental performance.
The generated models are automatically evaluated based on five criteria: sun hour exposure, daylight
potential (using Vertical Sky Component analysis), wind flow optimisation, microclimate adaptation, and
solar energy generation potential. Three models are selected from these alternatives based on performance
scores, contextual fit, and compliance with local regulations.

Each selected model is then virtually positioned on the project site. The final placement ensures
that building masses respond to the local environment: Model 2, for example, is oriented with its primary
facades facing east and west to control solar exposure, while maximising openings to the north and south
for improved ventilation. The site, measuring approximately 8,900 m?, is bounded by a TNI AL residence
north, Gang Kramat to the south, dense housing to the west, and JI. Siliwangi to the east. Model 2’s design
includes an entrance facing JI: Siliwangi, buffer vegetation along noise-heavy zones, and rooftop solar
panels oriented to maximise midday solar gain.

In the second phase, the three models are further refined. Design interventions include adding
shading devices, optimising window-to-wall ratios, refining room layouts based on passive cooling
principles, and strategic landscape enhancements. Each revised model is re-simulated using the same five
parameters to validate thermal comfort, natural lighting, and energy efficiency improvements. One of the
models is selected as the best-performing alternative, demonstrating measurable benefits in temperature
regulation, reduced artificial lighting dependency, and an estimated annual solar energy production.

Data were collected from local climate records, site observations, and Autodesk Forma’s built-in
analysis tools to support these simulations. This data includes temperature patterns, humidity levels, solar
radiation intensity, wind direction and speed, and site-specific building regulations. Both qualitative and
quantitative analyses are conducted, with key indicators such as Vertical Sky Component scores, hours of
solar exposure, diurnal temperature and humidity fluctuations, and estimated annual solar energy output
(in kWh/year) used to measure design performance.
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2.1. Case Study

Since Cirebon City is one of West Java's fastest-growing cities, it was selected as the case study
site. The population of this city has been steadily increasing, rising from 337 thousand in 2021 to 342
thousand in 2023. This city, which is situated in a lowland region close to Java's northern coast and has an
average height of 5 meters above sea level, has 28.4°C temperatures, 70.9% humidity, and 225.1 mm of
rainfall on average (see Figure.l). As a result, like other large Indonesian cities (Jakarta, Semarang,
Surabaya, etc.) [15], this city is categorized as having a hot and humid environment throughout the year,
which calls for an appropriate design plan from the beginning to maximize energy consumption.

This research was conducted on JI. Siliwangi, Cirebon City, is only about 500 m from Kejaksan
Station, one of the main stations in Cirebon, as shown in the Figure. 2. Located in the city centre, this site
offers convenience for tourists to reach various tourist destinations, shopping centres, and public facilities.
With an area of 8,900 square meters, this site has a KDB limit of 70%, a maximum KLB of 8.4, a minimum
KDH of 15%, a maximum building height of 60 m, and a GSB of 8 m, bordered as follows: to the north by the
TNI AL official residence, to the south by Gang Kramat, to the west by residential areas, and the east by JI.
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Figure. 2 Climatic condition in surveyed city Figure. 1 Cirebon city. (a) Map of Cirebon; (b) Building site
location
Siliwangi.

2.2. Case Study Building

In addition to being a commercial hub, Cirebon is regarded as a religious city due to the presence
of numerous Islamic artefacts, including the Great Mosque of Cirebon, the Cirebon Sultanate, and
numerous sizable pesantrens, which make the city a popular tourist destination. The number of visitors has
increased steadily since the Cisumdawu toll road opened in 2022, rising from 1.5 million in 2019 to 4.7
million in 2024 [15]. The demand for lodging facilities has increased along with the number of visitors,
particularly for 4-star hotels, which are in high demand but still limited. Several hotels are located near the
site, as shown in Figure 3. Because hotels are meant to be comfortable places to stay, they rely significantly
on active cooling, which uses much energy, in hot and muggy weather patterns. The choice to create a
structure that adapts to the environment from the start will significantly impact the building's sustainability,
particularly in terms of energy efficiency and the thermal comfort of hotel guests.
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Figure. 3 Existing hotels around the site. (a) Luxton; (b) Swiss-Belinn; (c) Metland

2.3. Generative Design Autodesk Forma

Generative design has become one of the greatest architectural innovations, enabling faster and more
optimal design decision-making. Among the various available platforms, Autodesk Forma is the best
generative design solution for the preliminary design stage.

Autodesk Forma integrates intelligent algorithms designed to generate various design alternatives
based on user parameterisation. The standout features of Autodesk Forma include ease of use: Compared
to other generative design software like Grasshopper or Rhino, Autodesk Forma has an intuitive interface,
making it easier for architects and designers without a technical programming background to utilise this
technology [16] effectively. Integrated analysis: Autodesk Forma allows users to directly analyse design
results based on environmental factors, such as natural lighting, shading, and energy efficiency, within the
same platform. This reduces the need to transfer data between software, which often takes time.
Scalability: Forma is designed to support architectural projects of various scales, from single building
designs to urban areas [17].

Autodesk Forma significantly accelerates decision-making in the preliminary design stage. With the
ability to generate dozens to hundreds of design alternatives in minutes, designers can explore more
innovative and data-driven options. A study by Miller and Johnson [18] shows that using Autodesk Forma
can reduce design exploration time by up to 40% compared to conventional methods or other software.

This platform also contributes significantly to sustainable design, with automated analysis related to
energy efficiency, natural lighting, and environmental impact. Autodesk Forma supports applying green
architecture principles from the early stages [19].

Compared to other generative design software (Grasshopper, Revit Generative Design, Space-
maker, etc.), Autodesk Forma offers comprehensive advantages in ease of use, time efficiency, analysis
integration, and flexibility [20]. This technology becomes the best solution to optimise and accelerate
design decisions at the preliminary design stage, ensuring more innovative, efficient, and sustainable
outcomes. This study uses Autodesk Forma 2024 with the parameters used being: Daylighting, potential
daylighting, wind and micro-climate.

3. RESEARCH METHOD RESULTS AND DISCUSSION

3.1.  Site analysis

Site analysis is an evaluation process that identifies various factors affecting a building at a location
where the building will be erected, such as the sun's movement and wind, that relate to parameters of
Autodesk Forma. These factors are described as follows:

3.1.1. The Sun's Movement

This analysis aims to understand how sunlight exposure and air temperature affect the building site
so that the resulting design can optimise thermal comfort and energy efficiency. As shown in Figure. 4, in
December, when the summer solstice occurs in the southern hemisphere, the sun is positioned high in the
sky with an elevation angle reaching 70.29°. This provides a maximum duration of natural lighting for 12.31
hours, which needs to be utilised to optimise sunlight reception on the southeast and south sides of the
building. On the March and September equinoxes, the sun's path is nearly vertical, with an elevation
reaching over 75°, creating shorter shadows and an even distribution of sunlight across the building. On the
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other hand, in June, the sun's path is lower with an elevation angle of 57.74°, resulting in a shorter duration
of sunlight, namely 11.44 hours, and longer shadows on the northern side.

Based on this variation, design strategies that focus on shading devices, appropriate materials, and
natural ventilation systems are essential to maintain the thermal comfort of the building. This will allow the
building to maximise natural lighting and avoid excessive heat during the summer, while maintaining
thermal comfort during periods with lower sunlight intensity.
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Figure. 4 Sun movement

3.1.2. Wind

Wind-related site analysis is a crucial aspect of the architectural planning and design process,
aimed at understanding wind flow characteristics at a specific location. Wind has a significant influence on
thermal comfort, energy efficiency, and the stability of buildings. At this stage, various wind-related data,
such as direction, speed, and frequency, are analysed to evaluate their impact on the site and the structure
to be built. The analysis of wind patterns (Figure 5) at the site location shows a dominance of wind coming
from the south with a maximum speed reaching 5.1 meters per second (m/s) and the highest frequency,
which is 34%. This indicates that the southern wind is the most significant microclimate element.

/2 AUTODESK Forma N

Figure. 5 Wind
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3.2 Design model planning

The parameters for generating the building mass are determined by selecting building options
using models, city blocks, tower buildings, and mixed buildings. Other parameters are also defined, such as
having 10 floors, a building width of 18 meters, a tower block width of 18 meters, and vegetation that must
be present around the building model. This process allows artificial intelligence to explore various design
alternatives quickly and innovatively. The generative design process using artificial intelligence on the
Autodesk Forma platform produced fifty-four (54) building mass models, as shown in the Appendix. This
technology enables the' rapid and efficient development of designs by considering various architectural
parameters, such as shape, orientation, and environmental context. Each mass model created offers
multiple solutions, allowing design optimisation to meet design needs. From the generated models, the
three best alternatives were selected by considering the characteristics of the hotel building and the
environmental factors coming from site analysis, as shown in Figure 6. The alternative models must have
the widest openings facing the north or south side. The model must also have a garden around the mass of
the building. In addition, the three options are ensured to comply with applicable regulations and rules, so
the resulting design not only meets aesthetic and functional standards but also considers environmental
sustainability and thermal comfort, two critical factors in supporting hotel design.
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Figure. 6 Building models; (a) Model 1; (b) Model 2; (c) Model 3
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3.2.1. Model 1

In the first alternative model in Figure 6a, generative design produces an L-shaped hotel building
mass. The mass orientation in this first alternative has the widest openings facing the north and south sides.
This step is a strategic effort to optimise natural lighting and ventilation, while also reducing direct sunlight
exposure during the day, thereby enhancing thermal comfort within the building.

3.2.2. Model 2

The generative design produces two hotel building masses in the second alternative model (Figure
6b). This design is formed by selecting a predetermined freeform shape of the building. The presence of
vegetation around the building is also one of the essential elements, with a garden located between the
two building masses, creating a green open space that enhances the environmental quality around the
building. This second alternative design provides a balance between space efficiency and the use of
vegetation to create a more comfortable environment.

3.2.3. Model 3

The generative design produces two hotel building masses in the third alternative model (Figure 6c). This
design is formed by choosing the shape of the building mass that is perpendicular to the north and south
sides. The mass orientation in this third alternative model is divided into two building masses. The first
building mass has the largest openings facing east, allowing natural light to enter in the morning without
causing excessive heat during the day. Meanwhile, the second building mass has north and south openings,
which is the optimal orientation to reduce direct sunlight exposure and enhance natural air circulation.

3.3. Research Process of Phase 1: Design of mass model simulations

The three best models selected above were simulated by several parameters such as sun hours,
daylight potential, wind, micro-climate and sun energy. The following sub-section explains the analysis of
Model 2 as an example.

3.3.1. Sun hours

The sun hour simulation is conducted during the solar equinox, or when the sun passes directly
over the Earth's equator. Figure 7 shows that the simulation times are set for March 20-21, June 20-22,
September 22-23, and December 21-22. The simulation at that time is due to the distance between the sun
and the Earth being the closest, and the duration of day and night being the same worldwide. This analysis
focuses on several parts of the building: the ground surface, facades, and roofs.
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Figure. 7 Sun hours
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The results of this simulation show that the highest sunlight exposure occurs in March and September,
particularly in the ground and roof areas, with some parts of the building receiving more than 9 hours of
sunlight exposure. However, in June and December, sunlight exposure on the facade decreases significantly,
although the roof and ground areas still receive quite a high level of exposure.

3.3.2. Daylight potential

The model generated by artificial intelligence is then simulated to determine the potential sunlight on the
building. This analysis uses a model of an overcast sky and predicts lighting on the building's surface using
the Vertical Sky Component method. By analysing the potential sunlight, it will be possible to determine the
performance of the sun on the building, particularly highlighting the areas of the building facade. The
analysis results provide an assessment (Vertical Sky Component score) for areas where larger windows or
layout changes are needed to address the lack of sunlight optimisation, or areas that are difficult or
impossible to achieve adequate sunlight (Table 1).

Table 1 Vertical sky component score

Threshold of the Vertical Sky Component (VSC) — for Daytime conditions
points on the facade.
VSC227% The design of conventional windows is usually satisfying.
15% < VSC< 27% A larger window/layout change is usually needed.
5% < VSC < 15% It's difficult to get enough sunlight.
VSC< 5% Reaching sufficient sunlight is often impossible.

Overall, as shown in Figure 8. This alternative model has a high potential for natural lighting,
especially on the roof and most of its facade. This potential can be utilised to reduce dependence on
artificial lighting and improve overall energy efficiency. However, in some areas of the facade with lower
lighting, optimisation may be necessary, for example, by using more adaptive designs such as larger
windows or more reflective materials to improve the distribution of natural light.
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Figure. 8 Daylight potential

3.3.3. Wind

Wind analysis at the site location is crucial to sustainable architectural planning. By understanding
the wind movement patterns around the site, architects can optimise natural air circulation to create cool
indoor spaces and improve the building's energy efficiency. This analysis includes the identification of the
dominant wind direction and wind speed.

Figure 9 shows the dominance of wind from the South direction with speeds of up to 5.1 m/s at
roof level, accounting for about 34% of the total wind direction. Other significant wind directions include

Application of Generative Design on Architecture to Optimize Design Decision in Preliminary Design Stage
(Seto Maulana Mahendra)



JARINA - Journal of Artificial Intelligence in Architecture 107

winds from the Southwest with an average speed of 1.1 m/s at ground level and winds from the Southeast,
contributing 13% of the total wind directions.With a speed of 1.9 m/s. The wind from the Northwest also
contributes 8% with an average speed of 3.1 m/s. The wind rose diagram shows that the South and
Southeast.

Directions have the most influence, while the winds from the West and Northwest have a minor impact.

North East

East South East i i -

South West

(s ' [ s

B A

West North West

Figure. 9 Wind Analysis

3.3.4. Micro-climate

Microclimate simulation at the site location is a critical step in architectural planning to understand
the local climate conditions in detail. This simulation combines the results of solar, daylight, and wind
analysis with local weather conditions to calculate the perceived temperature at the site location. This
insight will help understand how local climate conditions can react to the shade and wind situations created
by the design. Microclimate analysis aims to help make more precise and sustainable decisions when
designing outdoor spaces at the site location.

The results of the microclimate simulation on alternative model 2 that have been conducted, as
shown in Figure 10, show a significant temperature variation (Figure 10a) and humidity (Figure 10b)
throughout the day, with a consistent pattern at each observation time. The data shows that the
temperature in the morning ranges from 26°C to 27°C and gradually rises during the day and evening to
peak around 30°C to 32°C, before dropping progressively at night to 27°C to 28°C. A decrease in relative
humidity accompanies this increase in temperature; in the morning, relative humidity ranges from 84% to
90%, but gradually decreases to its lowest point at night.

These microclimate changes show a strong relationship between increased temperatures and
decreased relative humidity during the day, caused by increased evaporation and solar radiation intensity.
Conversely, at night, the drop in temperature causes an increase in moisture due to the atmospheric
cooling process, resulting in the condensation of water vapour in the air. Based on this information, building
design requires planning for ventilation systems, building materials, and passive design elements to adapt
to microclimate changes.
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Figure. 10 Micro-climate on site; (a) Temperature; (b) Humidity

3.3.5. Solar energy

The detailed solar energy simulation results allow for evaluating the potential to generate
electricity using solar energy at the building's location. Solar energy simulations can also help identify which
facades or roofs are most exposed to solar radiation and allow for estimating the annual electricity
production potential from solar panels—Figure 11. The simulation results for the second alternative
indicate that from 2,690 m? of roof floor area, the estimated placement of solar panels can be done on 40%
or approximately 1,076 m? with a solar panel efficiency of 10%. The installed solar panels are estimated to
generate an annual electricity amounting to 165,000 kWh. This simulation shows that the building has
significant potential to harness solar energy, although the panels' efficiency is relatively low.

#1 AUTODESK Forma
Filter building surfaces
Filtered surfaces between 0-75 degrees
P Selected surface area 2,690m
o Annual solar energy potential
\ Total solar energy 5,080,000 KW/
s / Average solar energy 1,890 kWi
> Solar panel configuration
A / Surface coverage 40
' \‘\/ Panel efficiency 10
Estimate energy from solar panels
Panel placement area 1,076 m
I Annual electrical output 165,000 kWt
. <700 980 1260 1540

Figure. 11 Solar energy
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3.4. Research Process of Phase 2: Design of development model simulation

To enhance and optimise the results of the analysis that has been conducted, a design intervention
can be implemented. At this stage, several alternative design models are developed, taking into account
architectural parameters related to the environment. Each model is formulated to optimise the interaction
between the building and its surrounding environment, to achieve energy efficiency and occupant comfort
through a design approach responsive to the local climate, such as temperature, humidity, wind direction,
and sunlight intensity. Then, the exact simulation was conducted in sub-sections 3.3.1-3.3.5.

The interpretation of data from Autodesk Forma simulations revealed significant insights into the
environmental performance of the design alternatives. Three massing models were shortlisted based on
their orientation, compliance with building regulations, integration of green spaces, and potential to
enhance thermal comfort. These alternatives were then developed in more detail, incorporating additional
openings, optimised window-to-wall ratios, passive shading elements, and landscape adjustments.

The sun hours analysis showed that Model-2 distributed solar exposure more evenly throughout
the year, reducing the risk of overheating while maximising natural lighting. This supports reduced reliance
on artificial lighting, particularly during peak daytime hours. Daylight simulations using the Vertical Sky
Component (VSC) method indicated that over 70% of Model-2's facade achieved VSC scores > 27%,
signifying adequate daylight penetration and minimal need for layout adjustments.

Wind simulations demonstrated that Model-2 provided better natural ventilation potential, with
its form and orientation accommodating dominant southern winds (5.1 m/s, 34% frequency), enhancing
indoor air circulation. Microclimate modelling indicated that this design maintained temperature
fluctuations within a narrow range of 2—3°C throughout the day, especially during peak thermal hours, and
maintained relative humidity levels conducive to comfort. These findings confirm that Model 2 offers
improved passive cooling and indoor environmental quality.

Solar energy analysis showed that approximately 40% of the total roof area (1,076 m?) was suitable
for photovoltaic installation. An efficiency rate of 10% could yield an estimated 165,000 kWh annually,
significantly contributing to the building's energy supply and reducing dependency on grid electricity.

While the findings of this study highlight the benefits of Al-assisted generative design, it is essential
to note that adopting such technologies may not be accessible to all practitioners. Smaller architectural
firms or projects with limited budgets may face barriers due to the high costs of software licenses,
necessary hardware upgrades, and the need for skilled human resources. Consequently, the applicability of
the results may skew toward firms with significant technological and financial resources. Future research
should explore strategies to democratise access to generative design tools, such as developing open-source
platforms, more affordable licensing models, or collaborating with educational institutions to enhance skill-
building across a broader range of practitioners.

3.5. Data Reliability Considerations

Although Al-assisted generative design platforms such as Autodesk Forma integrate real-time
environmental data and advanced simulation algorithms, the design outcomes' reliability heavily depends
on the quality, accuracy, and completeness of the input data. If the environmental, site, or regulatory data
fed into the system is outdated, incomplete, or inaccurate, it can result in suboptimal or misleading design
solutions. This limitation underscores the critical role of careful data verification before simulation and
suggests that Al should complement — rather than replace — professional judgment. Future studies should
emphasise robust data collection practices and consider validating Al outputs through cross-referencing
with manual analysis or alternative simulation tools.

4. CONCLUSION

This study explored the application of artificial intelligence-assisted generative design, using
Autodesk Forma 2024, to optimise architectural decision-making in the early planning stage of a ten-story
hotel in the hot-humid climate of Cirebon, Indonesia. By simulating five critical environmental parameters—
sun hours, daylight potential, wind distribution, microclimate conditions, and solar energy potential —the
research generated 54 alternative building mass models. Following a two-phase evaluation and
development process, three models were shortlisted, and Model 2 was identified as the best-performing
alternative. It achieved notable improvements, including an estimated 23% energy efficiency gain,
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enhanced daylight access (Vertical Sky Component > 27% across more than 70% of the facade), and solar
energy generation potential of approximately 165,000 kWh/year.

The findings demonstrate that Al-driven generative design can significantly accelerate the preliminary
design process while promoting environmental responsiveness and energy efficiency. However, the study
also acknowledges key limitations related to technology accessibility, high costs for smaller firms, and the
dependency on accurate and comprehensive input data to ensure reliable outcomes.

Future research should validate Al-generated results across various building typologies and climatic
contexts, integrate occupant comfort modelling, and explore multi-objective optimisation approaches that
balance environmental, functional, and experiential design goals. Expanding access to generative design
tools through open-source platforms and targeted educational initiatives may also help democratise the
benefits of Al-assisted design across the architectural profession.

By advancing generative design practices within diverse local contexts, architects and planners can
contribute meaningfully to developing more resilient, sustainable, and innovative built environments.

ACKNOWLEDGEMENTS

This research is funded by the Directorate of Research, Technology, and Community Service.
Directorate General of Higher Education, Research, and Technology of the Ministry of Education, Culture,
Research, and Technology for the 2024 Fiscal Year with Research Implementation Contract of BOPTN
DRTPM Fund Number 1239 /UN40.LP/PT.01.03/2024. Authors also would like to acknowledge the figures of
54 models generated by Autodesk Forma in Phase 1: Design of mass model simulations.

REFERENCES

[1] F.D.K. Ching, Architecture: Form, Space, and Order. 2007.

[2] S. H. Khahro, D. Kumar, F. H. Siddiqui, T. H. Ali, M. S. Raza, and A. R. Khoso, “Optimizing energy use, cost and
carbon emission through building information modelling and a sustainability approach: A case-study of a hospital
building,” Sustain., vol. 13, no. 7, 2021, doi: 10.3390/su13073675.

[3] T. H. Dandan, G. Sweis, L. S. Sukkari, and R. J. Sweis, “Factors affecting the accuracy of cost estimate during
various design stages,” J. Eng. Des. Technol., vol. 18, no. 4, pp. 787-819, Jan. 2020, doi: 10.1108/JEDT-08-2019-
0202.

[4] Z.Yin, C. Caldas, D. de Oliveira, S. Kermanshachi, and A. Pamidimukkala, “Cross-functional collaboration in the
early phases of capital projects: Barriers and contributing factors,” Proj. Leadersh. Soc., vol. 4, no. March, p.
100092, 2023, doi: 10.1016/j.plas.2023.100092.

[5] M. Parsamehr, U. S. Perera, T. C. Dodanwala, P. Perera, and R. Ruparathna, “A review of construction
management challenges and BIM-based solutions: perspectives from the schedule, cost, quality, and safety
management,” Asian J. Civ. Eng., vol. 24, no. 1, pp. 353—-389, 2023, doi: 10.1007/s42107-022-00501-4.

[6] C.Rattiand M. Claudel, “The City of Tomorrow.” Yale University Press, 2016.

[71 R. Koenig, Y. Miao, A. Aichinger, K. Knecht, and K. Konieva, “Integrating urban analysis, generative design, and
evolutionary optimization for solving urban design problems,” Environ. Plan. B Urban Anal. City Sci., vol. 47, no. 6,
pp. 997-1013, 2020, doi: 10.1177/2399808319894986.

[8] N.L.Rane,S. P. Choudhary, and J. Rane, “Leading-Edge Technologies for Architectural Design: A Comprehensive
Review,” Int. J. Archit. Plan., vol. 3, no. 2, pp. 12—48, 2023, doi: 10.51483/ijarp.3.2.2023.12-48.

[9] Z. X. Chew, J. Y. Wong, Y. H. Tang, C. C. Yip, and T. Maul, “Generative Design in the Built Environment,” Autom.
Constr., vol. 166, no. July, p. 105638, 2024, doi: 10.1016/j.autcon.2024.105638.

[10] A. Mady and H. Mahmoud, “A Generative Design Approach to Improving the Environmental Performance of
Educational Buildings in Hot Arid Climates . ( Assiut National University as a Case Study ),” vol. 10, no. 1, pp. 1-16,
2024, doi: 10.5334/fce.236.

[11] R.T.Hughes, L. Zhu, and T. Bednarz, “Generative Adversarial Networks — Enabled Human — Arti fi cial Intelligence
Collaborative Applications for Creative and Design Industries : A Systematic Review of Current Approaches and
Trends,” vol. 4, no. April, pp. 1-17, 2021, doi: 10.3389/frai.2021.604234.

[12] “Autodesk Forma | Forma Login | Software Price & Buy.” https://www.autodesk.com/products/forma/overview
(accessed Jul. 17, 2025).

[13] A. Fitriawijaya, “Integrating Multimodal Generative Al and Blockchain for Enhancing Generative Design in the
Early Phase of Architectural Design Process,” Buildings, vol. 14, no. 2533, pp. 1-20, 2024, doi:
https://doi.org/10.3390/buildings14082533.

[14] M. A. Abbas, S. O. Ajayi, A. S. Oyegoke, and H. Alaka, “A cloud-based collaborative ecosystem for the automation
of BIM execution plan (BEP),” J. Eng. Des. Technol., vol. 22, no. 4, pp. 1306-1324, Jan. 2024, doi: 10.1108/JEDT-02-
2022-0128.

[15] Badan Pusat Statistik Kota Cirebon, “Cirebon dalam Angka 2024,” vol. 49, 2024.

[16] M. Shi, J. Seo, S. H. Cha, B. Xiao, and H.-L. Chi, “Generative Al-powered architectur al exterior conceptual,” J.

Application of Generative Design on Architecture to Optimize Design Decision in Preliminary Design Stage
(Seto Maulana Mahendra)



JARINA - Journal of Artificial Intelligence in Architecture 111

Comput. Des. Eng., vol. 11, no. September, pp. 125-142, 2024, doi: 10.1093/jcde/qwae077.

[17] J. Ko, J. Ajibefuna, and W. Yan, “Experiments on Generative Al-Powered Parametric Modeling and BIM for
Architectural Design,” pp. 1-18.

[18] C. A. Faulkner et al., “Fast prediction of indoor airflow distribution inspired by synthetic image generation artificial
intelligence,” Build. Simul., vol. 16, no. 7, pp. 1219-1238, 2023, doi: 10.1007/s12273-023-0989-1.

[19] N. Mohammed, A. E.- Maksoud, and E. B. Ahmed, “Artificial Intelligence Applications in Green Architecture,” vol.
7, no. 2, pp. 317-337, 2024, doi: 10.21608/fuje.2024.345049.

[20] A. Ayman, Y. Mansour, and H. Eldaly, “Generative vs . Non-Generative Al : Analyzing the Effects of Al on the
Architectural Design Process,” no. April, pp. 119-128, 2024.

BIOGRAPHIES OF AUTHORS

Seto Maulana The First author’s is last semester master student in Architecture of UPI Bandung. He lives in
Mahendra Cirebon as an architect in one of the biggest consultants. Several projects have been carried out
by him from low-rise to high-rise buildings.

Usep Surahman The Second author’s is not only a lecturer but also a researcher for 20 years at Architecture of
UPI. He graduated his bachelor and master degrees from ITB and accomplished his PhD in
Hiroshima University, Japan. He just obtained his professorship in the fields of technology and
energy saving architecture in 2024

Aldissain Jurizat The Third author’s is a junior lecturer and researcher in Architecture of UPI. He graduated his
bachelor degree from Architecture of UPI and master degree from Architecture of ITB. Now, he
actives as an architect in his own consultant focusing on high technology building using high
tech software.

Diah Cahyani The fourth author’s is a senior lecturer and researcher at Architecture of UPI. She accomplished
Permana Sari her bachelor degree at UNS Solo and master degree at ITB. Her PhD was obtained from
Parahiyangan University focusing on housing and settlement. Now, she is positioned as Co-
Head of Architecture Study Program at UPI.

Application of Generative Design on Architecture to Optimize Design Decision in Preliminary Design Stage
(Seto Maulana Mahendra)




