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Abstract

Bioclimatic architecture has become a primary focus as a solution for sustainable and environmentally friendly
design. This approach adapts to local climates by utilizing natural elements such as sunlight, wind, and vegetation
to achieve thermal comfort and energy efficiency. This study analyzes the application of bioclimatic principles in
tropical regions through a case study of Menara Mesiniaga, designed by Ken Yeang, which is relevant for
addressing tropical climate challenges such as high temperatures and humidity, as well as its potential for
creating energy-efficient buildings. Using literature reviews and case study analysis, the research identifies
design elements such as natural ventilation, daylighting, and vertical vegetation. The findings show that Menara
Mesiniaga effectively integrates bioclimatic principles through vertical gardens and adaptive facades, reducing
energy consumption and supporting sustainability. The study highlights the potential for adopting similar
concepts in Indonesia, although it requires policy support, regulations, and public awareness for successful
implementation. This research is expected to provide insights for architects and policymakers in developing more
adaptive and sustainable tropical building designs..
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I.  INTRODUCTION
Bioclimatic architecture is a design approach that aims to create buildings that are in harmony with local
climatic conditions. This principle takes advantage of the characteristics of the local environment, such as sun
orientation, wind direction, air humidity, and temperature, to produce thermal comfort naturally without relying
entirely on modern technology such as air conditioning or artificial heating. This approach is also in line with
sustainability principles, as it is able to reduce energy consumption and carbon emissions of buildings. Thus,
bioclimatic architecture is not only a design solution, but also a real contribution to environmental conservation

[1][2].

In tropical regions, such as Southeast Asia, the application of bioclimatic architecture is very relevant.
The tropical climate, which is characterized by hot temperatures, high humidity, and high sunlight intensity
throughout the year, demands building designs that are able to overcome these challenges while taking advantage
of the advantages of a tropical climate. Climate-non-adaptive designs can significantly increase energy use,
especially for air cooling. By applying the principles of bioclimatic architecture, the potential of the tropical
environment can be maximized to create natural thermal comfort, while reducing dependence on energy resources
[3].

The Mesiniaga Tower, located in Subang Jaya, Malaysia, is one of the best examples of the application
of bioclimatic architectural principles in the tropics. Designed by renowned architect Ken Yeang, the building
reflects a harmonious integration of modern design and adaptation to the tropical climate. Some of the key features
of the Mesiniaga Tower include a vertical garden that serves as natural insulation, cross-ventilation to improve air
circulation, as well as the use of local materials to support sustainability. Ken Yeang himself is known as a pioneer
in a sustainable approach to tropical architecture, and the Mesiniaga Tower is one of his iconic works that is
widely studied by researchers and professionals in the field of architecture [1][3].

The Mesiniaga Tower not only serves as an office building, but also as a model for the application of
bioclimatic architectural principles in tropical climates. The design prioritizes the use of passive technology, such
as natural ventilation systems and natural lighting, which are able to significantly reduce energy consumption. In
addition, the existence of vertical gardens and green roofs not only beautifies the aesthetics of the building, but
also increases biodiversity and helps manage the micro-temperature around the building.[2].
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Indonesia, as a tropical country located on the equator, faces unique challenges in creating thermally
comfortable, energy-efficient, and sustainable buildings. The tropical climate is characterized by air temperatures
that tend to be high throughout the year, significant relative humidity, and high intensity of sunlight. This condition
often leads to the use of large amounts of energy for air cooling, especially in urban areas, which in turn contributes
to increased global energy consumption and carbon footprint.

According to, bioclimatic architecture emphasizes the relationship between building design and
environmental elements such as wind, sunlight, and humidity. This strategy can be in the form of optimal building
orientation, building materials that have good thermal properties, and vegetation integration to provide a natural
cooling effect. In the tropics, this approach has great potential to address climate challenges without sacrificing
the thermal comfort of building occupants [4].

Yeang's bioclimatic principles utilize natural ventilation systems, vertical vegetation, and facades

designed to control temperature and lighting, so that buildings can 'breathe' and adapt to daily and seasonal climate
changes. Vertical vegetation serves not only as shade but also as a carbon sink and balancer for the micro-
ecosystem around the building. In the tropics, where the intensity of sunlight is high and humidity is increased,
the application of this vertical vegetation helps to reduce the effects of heat and support the thermal balance of the
building. The concept also supports Yeang's 'green skyscraper' design approach, which prioritizes sustainability
aspects in the design of eco-friendly high-rise buildings.[5][6](7]
[8] It shows that the application of bioclimatic architectural principles in tropical climates is able to significantly
improve the thermal comfort of residents and reduce energy consumption. For example, buildings designed with
effective natural ventilation and a roof capable of reflecting heat can reduce indoor temperatures by 3-5°C without
the use of air conditioning. In addition, it reveals that the use of eco-friendly local materials not only reduces
construction costs but also helps create a more balanced thermal environment, especially in the tropics.[9]

Although numerous studies have underlined the benefits of bioclimatic architecture, its implementation
still faces various challenges, including a lack of a deep understanding of the most effective design strategies for
tropical conditions, technical limitations in measuring thermal comfort, and constraints in integrating ecological
design into modern architectural contexts.

With the increasing urgency to create sustainable buildings that are energy-efficient and environmentally
friendly, it is important to understand how bioclimatic approaches can be optimally applied in architectural design.
This study aims to explore and analyze the application of bioclimatic architectural principles to the Mesiniaga
Tower. This analysis includes the identification of design elements that conform to bioclimatic principles, the
evaluation of the effectiveness of these elements in creating thermal comfort and energy efficiency, as well as the
potential application of similar concepts in other tropical regions, particularly in Indonesia. With this study, it is
hoped that it can provide a deeper understanding of the importance of bioclimatic architecture in creating
environmentally friendly sustainable buildings.

Il. LITERATURE REVIEW
2.1 Bioclimatic Architecture

The term Bioclimatic Architecture is used to describe efforts to protect the environment and natural
resources through adaptation to local climatic conditions. The main principle is the integration of passive systems
that utilize natural resources to create natural conditioning in buildings. The ultimate goal of this approach is to
create an indoor climate that is able to provide thermal comfort for residents with minimal energy consumption.

Bioclimatic design refers to a building design approach that is based on local climate data and the use of
surrounding natural resources. Elements such as sunlight, wind, air, vegetation, and soil are integrated into the
design to reduce overall energy use, while creating a comfortable and pleasant living space. Therefore,
understanding the characteristics and types of climate data is the main basis in designing bioclimatic buildings.[10]

Bioclimatic buildings are a form of sustainable development inspired by traditional architecture, with a
focus on creating natural comforts optimally. Bioclimatic design refers to an architectural design approach that
utilizes solar energy and other related environmental resources, to provide thermal environmental satisfaction for
humans inside and outside the building. The origins of bioclimatic design in architecture can be traced to the
design principles applied in vernacular buildings that evolved over time, reflecting the environmental, cultural,
technological, and historical contexts of a particular location.[11][12][13]

Bioclimatic architecture is the concept, approach, and process of designing buildings that adapt to the
natural environmental conditions and the local climate to meet the needs of comfort and energy efficiency. This
bioclimatic design tool was first developed by the 1950s, known as bioclimatic graphs.[14]

Bioclimatic graphs are used to show different thermal comfort zones in relation to air temperature and
humidity, average temperature of radiation, solar radiation, wind speed, and evaporative cooling. In Figure 1, it
can be seen that the comfort zone is in the middle of the diagram, while the temperature above the comfort zone
and wind speed are needed to restore comfort related to air humidity.

WWW.ijres.org 106 | Page



Principles of Bioclimatic Architecture in the Tropics Case Study: Mesiniaga Tower

40

Sy l J«Jé’ll ?

PENEDUMAN OBUTUNAN Or ATAS Ga S

Cc
g
PR—
| .
55—
P . S
e
e
—
S
—
FER .
«— >
— $
—
G
e S
R
Pu——
T
—
—
FEA—

TEMPERATUR
3

IERUTUMAN CAMAYA MATANAR)

0 10 2 » 40 50 ©0 70 &0 "0 100
| TYPPYTURET WUTY PUTT! TOPOY PURTY IPUTY FYTT [TI70 FRVEY /AT PRUT! JPPPY PUUTY [TOTY FYUTY 0000 PPN |

KELEMBAPAN RELATIF %
Picture 1. Diagram Bioclimate [14].

2.2 Bioclimatic Architecture Criteria
The development of bioclimatic architecture is currently an important approach in design for architects

and developers, as it offers various advantages such as reduced building energy requirements, comfort, reduced
costs, as well as positive impact on the environment. The success of bioclimatic design is highly dependent on the
application of basic principles adapted to user behavior. Some important criteria for bioclimatic design include
proper design, use of renewable energy, sustainable use of materials, accurate implementation during construction,
user contribution in building operations, adequate maintenance, and building lifecycle considerations.
Key features of bioclimatic design include:

a. Protect buildings from overheating by utilizing appropriate shading techniques and the use of vegetation.

b. Provides optimal thermal protection on the exterior of the building.

c. Dissipates heat from inside the building through passive cooling systems and natural ventilation.

d. Itcreates a harmonious relationship between the outdoor and indoor environment of the building, so it is
convenient and pleasant for users.
Using solar energy as part of a building's passive conditioning system.
Utilizing sunlight for natural lighting.[10]
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Picture 2. Examples of Bioclimatic Residences [15].

2.3 Bioclimatic Tall Building Design by Ken Yeang

According to Ken Yeang, a bioclimatic skyscraper is a tall building designed with a form configuration
in mind that uses energy-saving technology according to the local climate and meteorological data of the site's
location. The result is a tall building that is environmentally friendly, efficient in the use of energy during the
construction and operational process, and has good aesthetic quality.

Bioclimatic architecture focuses on the design of tall buildings that reduce energy requirements to create
thermal comfort in them. In fact, this approach encourages buildings to generate their own energy, for example
by utilizing solar panels on rooftops and facades to generate electricity, or using rain harvesting systems to water
plants and support water use, such as in urinal flushing.
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2.3.1  Building Orientation

Table 1. The orientation of the building is adapted to the conditions of each climate [16].

Zone The main | Directional
orientation of | emphasis
the building

Tropical On the 5° | North—south

north axis
from the east
Dry On the 25° | South —east
north axis
from the east

Keep On the 18° South -
north axis southeast
from the east

Cold On the south- | Facing south
facing axis

2.3.2 Core

The setting of the main mass can be an important consideration in bioclimatic design, especially related
to the position of the building in obtaining shade to avoid overheating or storing heat based on its shape.

For tropical zones, the placement of the core is recommended on the east and west sides of the building.
This helps to provide shade that protects the building from exposure to sunlight at low angles throughout the year.
The position of the core service in a building, especially high-rise buildings, is very important. Apart from being
part of the structure, the core also affects the thermal condition of the building and the scenery it offers. The
placement of the core also determines which areas are used as openings and which serve as exterior walls. Based
on the location, there are three types of core placement: side core, end core, and central core.

In the tropics, the use of double cores on the east and west sides is highly recommended because the
cores serve as buffer zones that insulate heat, protecting indoor spaces from high temperatures. This approach has
been proven to be able to reduce the need for air conditioning, by concentrating openings on the north and south
sides. A similar strategy can also be applied to temperate regions.

v/
e

Picture 3. The core is on the east-west side [16].

2.3.3  Area Service

Avreas such as elevator lobbies, stairs, and toilets should be well ventilated and directly connected to the
outside air and the view. The placement of these elements around the edges of the building can help save energy,
as it does not require mechanical ventilation. In addition, natural lighting can reduce the need for artificial lighting.
The addition of a mechanical chimney can also be considered for safety purposes, such as fire hazard mitigation.
By placing service zones on the exterior of the building, the area can take advantage of direct sunlight for natural
lighting and have access to the outside scenery, which is difficult to achieve with a central core layout.
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Picture 4. The location of the service zone on the ex-terior of the building allows for the optimization of
lighting and natural ventilation [16].

2.3.4  Site Orientation

The orientation of the building to the movement of the sun is very important, but it is still necessary to
consider the shape and geometry of the site. If the geometry of the tread is not aligned with the movement of the
sun, then design adjustments such as ‘corner shading adjustment’ can be made. This is so that the opening of the
building still faces north and south, especially in the tropics. However, exceptions can be made if there are other
considerations, such as to optimize the scenery.

Picture 5. corner shading adjustment [16].

2.3.5 Facade

A sufficiently deep opening can give a shadow effect to walls exposed to heat. In addition to serving as
a shield from the sun, elements such as a small balcony or skycourt also have additional benefits. The placement
of balconies, for example, can provide access for air conditioning on every floor, especially on the sun-exposed
sides of the building.

The use of good thermal insulation on the building skin can help reduce heat transfer into the space. One
way is to create a second layer of skin on the building, which is positioned above or in front of the main wall, with
an air chamber in between as an insulator. In addition, the use of a spray water system is also effective in reducing
heat on the skin of the building. The spraying of water on the hot wall triggers an evaporation process that creates
a cooling effect on the area.

In temperate climates, panels such as solar windows or solar collector walls can be installed on the
exterior of the building. These panels are designed to capture and utilize the sun's thermal energy as an additional
energy source.
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Picture 6. The facade design of the building integrates the use of canopies and balconies [16].
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Picture 7. The application of vegetation on balconies and heat-retaining walls in the tropics, as well as the

use of water spray walls on the surface of buildings are designed to reduce heat on the building skin [16].

2.3.6  Ground floor
In the tropics, it is recommended to use openings that point outward to ensure optimal air circulation.
This opening also functions as an air inlet to support the air chimney effect (stack effect).

v

Picture 8. Open to sky ground floor [16].

2.3.7  Vegetation and Landscape
The use of vegetation in buildings not only provides ecological and aesthetic benefits, but also helps to

lower the air temperature before entering the building. In tall buildings, vegetation can be placed vertically on the
facade and inner court area. Plants have the ability to absorb carbon dioxide and produce oxygen, which is very
beneficial for the inhabitants of the building and the surrounding environment. In addition, plants also release

water vapor which helps to cool the indoor temperature.
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Picture 9. Position of vegetation on the bark of the building [16].

2.3.8  Building Structure

The building mass can be used to store heat. The walls of the building are able to release heat at night
while still keeping the room temperature cool during the day. In temperate regions, the building mass functions
to absorb heat during the day and warm the room at night.

Therefore, based on the principle of bioclimatic design, the building should be designed to be integrated
with the surrounding environment. As an approach in ecological architecture, bioclimatic design focuses on the
use of climate to reduce energy consumption. Ken Yeang, an architect known for his application of bioclimatic
design, emphasized the importance of achieving thermal comfort by utilizing natural energy sources. With this
approach, architecture not only avoids negative impacts on the environment, but also utilizes natural elements to
support human activities within buildings.

Picture 10. Building structures as heat insulators of sunlight [16].

1. RESEARCH METHODS
This study uses a literature review method with a case study approach to analyze the principles of
bioclimatic architecture in Ken Yeang's work in the tropics. This approach was chosen because case studies allow
researchers to examine in depth the principles of bioclimatic architecture in specific buildings, including the
design, the bioclimatic elements used, and their impact on the environment and the thermal comfort of buildings
in tropical climates.

V. RESULT AND DISCUSSION

4.1 Mesiniaga Tower

Ken Yeang implemented various design elements that integrated the building with the local tropical
climate. In the Mesiniaga Tower (Figure 11), Yeang uses "sky gardens"” on each floor, which works to improve
natural ventilation while reducing heat trapped in the building. These gardens create a natural cooling effect that
reduces reliance on artificial cooling, as well as increases thermal comfort for residents. Ken Yeang's bioclimatic
design concept emphasizes the use of natural potential on every side of the building. The building is designed to
adapt to tropical climates, which have intense sun exposure and high rainfall. During the rainy season, roof gardens
are designed to drain water from the roof to the balcony before returning to the catchment area. In summer, roof
gardens function to reduce heat radiation from the ground surface below and the surrounding environment.[1],
[17]
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Picture 11. The Mesiniaga's Tower in Malaysia [3].

Main Ideas and Concepts of Mesiniaga Tower:

A sky park that serves as a small "village".

A vertical landscape that rotates like a spiral.

Sunken and shaded windows on the east and west sides.

Glass curtain walls on the north and south sides.

The single service core is located on the hot side, which is the east.

Toilets, stairs and elevator lobby are naturally ventilated and get sunlight. A spiral balcony on the exterior
wall with a full sliding door to the office space inside.

Building Description: The building has 15 floors and is circular in shape. Ken Yeang designed the tower
with three main elements:

1. Aninclined landscape base that connects the ground with the verticality of the building.

2. The body of the building rotates in a circle with a landscape sky garden, providing visual freshness for
office workers while maintaining the continuity of the space that connects the land with the building.

3. The upper floor is equipped with a swimming pool and gym.

Since the building is located in a tropical climate with high rainfall and solar heat, the vegetation is laid
in a spiral from the roof to the ground floor. During the rainy season, water flows from the roof to the balcony and
back to the catchment area, and in summer, the roof garden serves to reduce the sun's heat radiation from the space
below it and the surrounding environment.

Picture 12. Placement of VVegetation and Sky Garden on the Tower [18][3].

The placement of spiraling stepped sky courts on each floor, as well as the design of vertical spiral
vegetation on the balcony, serves to reduce the entry of direct sunlight heat into the room. Some of the heat is
absorbed and filtered by the vegetation, while the airflow that passes through the balcony helps create cooler air.

Ken Yeang proposed the idea of maximizing the potential of the tread by adding a greenery ramp that
stretches from the ground floor to the roof. This ramp functions to reduce wind turbulence around the bottom of
the building, while directing the flow of air to the balcony, so that the wind can flow evenly around the building.
The terrace of the building is equipped with glass sliding doors covered with window film to maintain thermal
comfort in the room. In addition, this green ramp also helps reduce the impression of the height of the building
that is too towering.
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Picture 14. Sunpath Diagram [18].

4.2 Consideration of Factors in the Tropical Climate

Tropical climate factors, such as high temperatures, humidity, sunlight intensity, and wind patterns, are
key considerations in Yeang's bioclimatic design. The Mesiniaga Tower uses an open facade and cross-ventilation
to maximize airflow and help lower indoor temperatures naturally. Yeang added an adaptive shade system that
controls the intensity of sunlight entering the building, creating natural lighting without causing overheating. This
climate-adaptive design helps to reduce energy consumption while maintaining high thermal comfort.[19][20]

4.3 Adaptation Potential in Indonesia

The results of this study highlight the great potential for Indonesia to adopt bioclimatic concepts such as
those applied by Yeang. With similar tropical climatic conditions, adaptation of bioclimatic principles can help
create a cooler and more sustainable urban environment. However, to achieve this success, commitment from the
government and the private sector is needed to support the implementation of bioclimatic architecture through
adequate incentives, regulations, and training programs.[20]

V. CONCLUSION

This research shows that Ken Yeang has successfully applied the principles of bioclimatic architecture
in the design of his buildings in the tropics by utilizing vertical vegetation, natural lighting, and natural ventilation.
Tropical climate factors, such as temperature and sunlight intensity, are key considerations in building design to
create natural thermal comfort and reduce energy consumption. Despite the challenges in implementing
bioclimatic architecture, its long-term benefits for environmental sustainability demonstrate the relevance of this
concept in the face of climate change.

Suggestions that can be given are to expand field data-based research to measure the effectiveness of
bioclimatic principles and adapt them to small-scale buildings to make them more inclusive. Innovations in
environmentally friendly materials and technologies need to be developed to support energy efficiency. In
addition, it is important to increase public and professional awareness through education, as well as encourage
government regulations and incentives that support the implementation of bioclimatic architectures. Cross-
disciplinary collaboration and long-term research are also needed to ensure its impact on environmental
sustainability.
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