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Abstract  The global climate crisis has intensified the 

need for sustainable and climate-responsive architectural 

approaches. In this context, traditional Balinese housing 

offers an invaluable model rooted in cultural wisdom that 

inherently adapted to environmental dynamics. This study 

investigates how principles from traditional Balinese 

architecture particularly those found in residential 

compounds can inform contemporary architectural 

strategies aimed at improving ecological resilience. The 

primary objective is to extract adaptive design principles 

from traditional housing systems and integrate them into 

modern frameworks. Utilizing a phenomenological 

qualitative method combined with environmental 

simulation tools, the research explores spatial 

configuration, material usage, and passive cooling 

techniques found in Balinese traditional homes. Key 

findings reveal that these dwellings utilize climate-adaptive 

strategies, such as open spatial layouts, natural ventilation, 

and locally sourced materials, which significantly 

contribute to thermal comfort without the need for 

mechanical intervention. The study concludes that these 

practices align with contemporary sustainable design 

principles and can be translated into scalable strategies for 

modern architecture in tropical contexts. The practical 

implication is a design framework that can support 

architects and urban planners in developing climate-

sensitive and culturally grounded buildings. Socially, this 

approach fosters the preservation of cultural identity while 

meeting ecological demands. Limitations include the 

regional specificity of the findings, which may require 

adaptation before applying to other climatic or cultural 

contexts. Nonetheless, the study contributes to the 

discourse on how indigenous knowledge systems can be 

harmonized with modern sustainability imperatives to 

confront the challenges posed by climate change. 

Keywords  Climate-Responsive Architecture, 

Traditional Balinese Housing, Sustainability, Local 

Wisdom Adaptation, Passive Cooling, Environmental 

Resilience 

1. Introduction

Existing research on Balinese architecture primarily 

focuses on cultural and aesthetic aspects, while studies on 

climate adaptation remain limited [1]. This research aims 

to bridge the gap by developing a climate-responsive 

architectural framework rooted in traditional Balinese 

housing. 

Climate change has become one of the significant 

challenges in the built environment sector, where global 

temperatures continue to rise due to greenhouse gas 
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emissions. According to the 2021 Intergovernmental Panel 

on Climate Change (IPCC) report, global temperatures 

have increased by 1.1°C compared to the pre-industrial era, 

and this trend is expected to persist in the absence of 

significant interventions [2]. 

The continuous trend of increasing global temperatures 

over the past century, as shown in Figure 1, shows the 

urgency of developing mitigation strategies in the building 

sector. This increase in temperature has a significant impact 

on the thermal loads on buildings, particularly in tropical 

areas such as Bali, which can lead to increased energy 

consumption for cooling and reduced energy efficiency in 

the construction sector. 

This condition leads to an increase in energy demand in 

buildings, particularly for refrigeration, which accounts for 

approximately 40% of the total global energy consumption 

in the building sector [3]. 

The energy requirements for building cooling systems 

have also increased significantly, followed by global 

temperature rises. As shown in Figure 2, energy 

consumption for cooling in the building sector has 

increased consistently since 1990, indicating an increasing 

reliance on mechanical cooling systems. This poses a 

challenge to the sustainability of modern architecture, thus 

a vernacular architecture-based approach, such as that 

found in traditional Balinese housing, can be a solution to 

reduce the need for cooling energy by applying natural 

ventilation strategies and passive design principles. The 

rise in cooling energy use is not solely climate-driven but 

also relates to socioeconomic factors such as income 

growth and behavioral responses, consistent with the 

Jevons paradox. 

 

Figure 1.  Global Temperature Increase Trend (1880-2023) based on IPCC data (2021). Note: Temperature data from the late 19th century may have 

higher uncertainty. This figure 1 is adapted from the IPCC (2021) model-based projections 

 

Figure 2.  Increased Energy Consumption for Building Cooling (1990-2023). (1990-2023) Based on the IEA report (2022) 
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Referring to the research background and gaps, the 

primary problem in this study is: How can Balinese cultural 

wisdom be effectively applied in the design of modern 

architecture that is responsive to climate? This question 

highlights the importance of identifying, adapting, and 

developing traditional architectural principles in response 

to contemporary environmental challenges. 

Moreover, this study is to identify and adapt the 

principles of traditional Balinese architecture to support 

building design that is more responsive to climate change. 

The primary objectives of this study are to identify the key 

tenets of conventional Balinese residential architecture that 

are relevant to climate adaptation through an analysis of 

design elements, including spatial planning, ventilation 

systems, building orientation, and material use. 

Additionally, it is also necessary to conduct comparative 

studies with modern design practices in tropical 

architecture. In addition to this, this study develops a 

framework for integrating these principles into 

contemporary architectural design through thermal 

simulation and thermal comfort analysis, evaluating the 

effectiveness of traditional designs and the development of 

adaptation models that combine traditional principles with 

modern technologies. Furthermore, this study offers 

sustainable design strategies that can be applied in tropical 

urban environments by identifying challenges in applying 

conventional architecture in the contemporary urban 

context and formulating policy recommendations and 

design practices that support the application of 

sustainability principles based on local wisdom. Thus, this 

study is expected to contribute to the development of 

tropical architecture and provide practical benefits for 

architects, urban planners, and policymakers in designing 

more energy-efficient and sustainable buildings, especially 

in tropical regions such as Indonesia. 

Traditional Balinese architecture offers solutions based 

on local wisdom that have been proven to adapt to hot and 

humid tropical environments. Its design prioritizes natural 

air circulation, regional materials, and open space, allowing 

for better energy efficiency than modern buildings that rely 

on mechanical systems for thermal comfort [4]. 

Unfortunately, the trend of urbanization and globalization 

has led to the loss of these traditional architectural practices 

in contemporary design, so efforts are needed to reintegrate 

these principles into modern architecture to face the 

challenges of climate change more sustainably [5]. 

Previous research on Balinese architecture has largely 

highlighted aesthetic and cultural aspects, without 

considering its potential adaptation to climate change [6]. 

A study by Wirawan and Jones [1] highlights that, although 

traditional Balinese architecture has demonstrated strong 

climate adaptation strategies, there remains a lack of 

research examining how these principles can be effectively 

implemented in contemporary architectural design. In 

addition to this, some studies examining tropical design 

have focused merely on technical aspects – for instance 

ventilation and materials - without considering the 

integration of social and cultural elements characteristic of 

Bali [7]. 

Hopefully, this research presents a novel approach by 

developing a framework that adapts traditional Balinese 

design principles to modern architecture responsive to the 

local climate. This study will fill the research gap by 

combining environmental, cultural, and technological 

aspects in designing buildings that are more sustainable and 

adaptive to climate change [8]. 

2. Materials and Methods 

2.1. Literature Review 

1. Theoretical Foundations 

This research draws on several key theories to study 

climate-responsive architecture and sustainability. The 

Theory of Tropical Architecture, as echoed by 

Koenigsberger [8], emphasizes the importance of passive 

design elements, such as natural ventilation, shade, and 

thermal mass, in designing buildings that can adapt to 

tropical climatic conditions. This principle became relevant 

in this study as traditional Balinese houses have long 

applied this concept through open pavilion structures, 

thatched roofs, and building orientations that consider the 

dominant wind direction. 

In addition, this study also refers to the Concept of 

Sustainable Development introduced by Brundtland [9], 

which highlights the importance of resource efficiency and 

environmental adaptation in the built environment. In this 

context, traditional Balinese architecture can be considered 

a form of design that is in harmony with sustainability 

principles because it relies on natural materials and 

construction techniques with minimal ecological impact. 

Finally, the study by Oliver [5] on Vernacular Architecture 

explores how local knowledge systems shape adaptive and 

sustainable architectural practices. This study is 

fundamental in understanding how Balinese building 

traditions reflect cultural identity and offers functional 

solutions in the face of tropical climate challenges. The 

traditional Balinese architectural approach also shares 

similar principles with bioclimatic architecture in its 

response to the climate context. Bioclimatic architecture 

emphasizes the climatic conditions around the site, which 

affect the selection of materials for building facades. On the 

other hand, Balinese architecture emphasizes spatial 

planning and zoning, as well as the use of local materials 

[10]. Designs that adopt the principles of bioclimatic 

architecture pay great attention to local climatic factors so 

that they can be a strong foundation in sustainable building 

design [11]. 

2. Previous Research Studies 

Several studies have highlighted the effectiveness of 

passive cooling techniques in vernacular architecture. 
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Baker and Steemers [6] examined how traditional buildings 

in the tropics naturally maintain thermal comfort by 

utilizing cross-ventilation and materials with high thermal 

capacity. Their research shows that building designs that 

optimize the passive aspect can reduce energy 

requirements for cooling by up to 30%, which supports a 

sustainable architectural approach. 

However, research that specifically examines the 

adaptation of Balinese traditional housing principles in 

contemporary architectural design is still limited. Suryanto 

et al. [7] notes that, although some Balinese design 

elements, such as bale and angkul-angkul, are still 

incorporated into modern architecture, the principles of 

natural air circulation and adaptive spatial planning are 

often overlooked. Therefore, this study aims to bridge the 

gap between traditional architectural practices and the 

needs of sustainability-oriented modern design. 

3. Identify Research Gaps 

Although vernacular architecture is widely recognized 

for its sustainability, the practical application of Balinese 

architectural principles in modern building design still 

requires further study. Most previous research has focused 

more on documenting vernacular architectural elements but 

has offered less a systematic approach to integrating these 

aspects into contemporary building design [1]. In addition, 

few studies employ quantitative methods, such as thermal 

simulations, to evaluate the effectiveness of vernacular 

design strategies in reducing energy consumption [3]. 

This research seeks to fill this gap by developing a 

framework that adapts traditional Balinese design 

principles to modern architecture. By combining 

qualitative and quantitative approaches, the study aims to 

provide design recommendations that not only maintain 

cultural values but also support efforts to mitigate the 

impacts of climate change through the application of a 

broader passive design strategy. 

The literature review in this study focuses on three main 

aspects: theoretical foundations, previous research studies, 

and identification of research gaps (Figure 3). The 

theoretical foundations include tropical architecture, 

sustainability, and vernacular architecture, emphasizing 

passive design strategies such as natural ventilation, open 

spatial planning, and local materials. Balinese traditional 

houses are an example of applying this principle with an 

open pavilion structure, a central courtyard (natah), and 

natural materials such as bamboo and thatched roofs. 

Although traditional homes demonstrate adaptive 

cooling strategies, their implementation in modern designs 

remains limited. 

The research gap lies in the lack of adoption of 

vernacular design in contemporary architecture, the 

scarcity of quantitative studies on the effectiveness of 

passive strategies, and the limitations of regulations that 

support natural materials. Therefore, this research aims to 

develop an architectural design model that integrates 

vernacular principles into the modern urban environment, 

supporting sustainable development and climate change 

mitigation. 

 

Figure 3.  Framework of Literature Review 
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2.2. Research Methods 

1. Research Design 

This study uses a phenomenological qualitative 

approach and environmental simulation to evaluate thermal 

comfort and ventilation performance in traditional Balinese 

houses. A phenomenological approach is employed to 

understand people's direct experience of the effectiveness 

of conventional architectural design in creating 

comfortable thermal conditions [4]. Whilst, environmental 

simulations are applied to quantify and validate the efficacy 

of traditional design features in adapting to tropical 

climatic conditions, as recommended by Koenigsberger's 

[8] research on tropical architectural strategies. By 

combining these methods, the research seeks to answer 

how Balinese traditional design principles can be adapted 

in more sustainable contemporary architecture. 

2. Data Collection Techniques 

Data collection was obtained through field observations, 

interviews, and environmental simulations to ensure a 

comprehensive approach to this study. 

1). Field Observation: This study directly documents 

the architectural features of traditional Balinese 

houses (see Figure 4), including elements such as 

spatial layout, natural ventilation, building 

materials, and the orientation of the building to the 

sun and wind. This technique aligns with Oliver's 

approach [5], which emphasizes the importance of 

empirical documentation in the study of vernacular 

architecture. 

 

Figure 4.  Pictures of Balinese Traditional Houses 

2). As part of the research method, these drawings of 

traditional Balinese houses feature key 

architectural elements, including natah (central 

courtyard), bale (open pavilion), and natural 

materials such as wood and natural stone. Field 

observations were conducted to document how 

these elements contribute to thermal comfort, 

natural ventilation, and sustainability in building 

design. This study aims to understand the 

vernacular architectural strategies that have long 

been used in traditional Balinese housing, which 

can later be adapted in modern architectural 

designs that are more environmentally friendly and 

responsive to tropical climates. The values of local 

wisdom reflected in the building represent a form 

of community expression in response to the natural 

environment's conditions and the regional climate, 

rooted in its belief system [12]. 

3). Interviews: Interviews were conducted with local 

architects, building craftsmen, and Balinese 

traditional homeowners to gain an in-depth 

understanding of the design principles used and 

how they view the effectiveness of these systems in 

the face of climate change. These interviews were 

analyzed using a thematic approach to identify key 

patterns that support sustainability in traditional 

design [1]. 

4). Environmental Simulation: Quantitative analysis is 

performed using environmental simulation 

software such as ENVI-met to evaluate the 

dynamics of temperature and airflow in a 

traditional Balinese home environment. These 

simulations are useful in assessing the 

effectiveness of natural ventilation systems and 

shade strategies applied to conventional buildings. 

This approach has been used in the research of 

Baker and Steemers [6] to assess the performance 

of tropical architecture in maintaining thermal 

comfort. 

3. Data Analysis Methods 

Data analysis was conducted using a thematic approach 

to qualitative data and computational simulations to 

evaluate the thermal performance and ventilation of 

traditional Balinese houses. 

1). Thematic Analysis: Data obtained from field 

observations and interviews were analyzed using 

coding methods to identify key themes of traditional 

architectural principles relevant to climate-

responsive design. This process aims to identify 

strategies for adapting Balinese architecture that can 

be applied in sustainable modern architecture [7]. 

2). Computational Simulation: The data obtained from 

ENVI-met is statistically analyzed to assess key 

parameters such as indoor temperature, natural 

ventilation effectiveness, and airflow distribution. 
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The results of this simulation were then compared 

with the thermal comfort standards set in the study 

of tropical architecture [3]. 

Applying this combination of qualitative and 

quantitative analysis, the study aims to bridge the gap 

between vernacular architectural theory and modern design 

practice, ensuring that the traditional principles adopted 

have a strong scientific basis for improving the energy 

efficiency and sustainability of future buildings. 

The research method in this study comprises three main 

components: research design, data collection methods, and 

data analysis techniques (see Figure 5). The research design 

employed includes qualitative, quantitative, and mixed-

methods approaches. A qualitative approach is carried out 

to understand phenomena through in-depth interviews and 

observations. A quantitative approach is used to measure 

and analyze numerical data, such as the results of 

environmental simulations. Mixed methods integrate the 

two approaches to obtain more comprehensive results. 

Data was collected through three primary methods: field 

observation, interviews, and environmental simulations. 

Field observations document the architectural elements 

contributing to sustainability and thermal comfort. 

Interviews were conducted with experts, architects, and 

local communities to gain insights into their perspectives 

on the effectiveness of traditional design in the context of 

climate change. Whilst, environmental simulations are 

used to analyze the performance of buildings under various 

climatic conditions, including air movement, indoor 

temperature, and energy efficiency. 

The data analysis in this study was conducted through 

thematic analysis, statistical evaluation, and comparative 

studies. Thematic analysis is employed to identify key 

patterns and themes of qualitative data, such as interviews 

and observations. Statistical analysis was applied to the 

simulation results to assess how passive design strategies 

can reduce energy consumption and enhance thermal 

comfort. A comparative study examined the effectiveness 

of traditional and modern architectural designs in 

addressing climate challenges. With this systematic 

approach, the research is expected to provide deeper 

insights and practical recommendations in implementing 

sustainable and climate-responsive architectural design. 

Climate has a significant impact on the architectural form 

of a building. Although buildings are located in the same 

climatic region, they can still differ in each area. However, 

in terms of climate, the basic principles of architectural 

design will be similar within one particular climate zone. 

This difference arises because the building's design is 

adapted to the natural conditions of the area, including 

sunlight, wind, weather, and climate. Climate also 

influences the selection of building materials and the 

application of technology in construction [13]. 

 

Figure 5.  Mind Mapping - Research Methods 
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3. Results and Discussion 

3.1. Characteristics of Balinese Traditional Housing 

Architecture 

Balinese traditional residential architecture varies in 

characteristics and supports adaptation to tropical climates, 

as depicted in Figure 6. This is in relation to the statement 

that explains that the characteristics of buildings and 

architectural settlements in the archipelago are closely 

related to climatic conditions, which, as an abiotic element, 

affect human life as a biotic element, and is reflected in the 

form of aesthetic and distinctive settlements [14]. Open 

space layout is a key element in traditional Balinese home 

design, where pavilion systems allow for natural cross-

ventilation, thereby reducing reliance on mechanical 

cooling [4]. Staged structures are also applied to improve 

air circulation under the floor of the house, which 

contributes to a decrease in indoor temperature and reduces 

heat absorption from the ground level [8]. 

 

Figure 6.  Balinese Traditional Housing Architecture 

In addition to this, incorporating local materials such as 

bamboo and thatched roofs is an integral part of traditional 

Balinese house design. This material presents natural 

insulation properties, enabling it to maintain a stable indoor 

temperature while reducing the carbon footprint in 

construction [5]. The design of the central courtyard or 

natah not only serves as an aesthetic and social element but 

also plays a significant role in the microclimate setting, 

allowing for more optimal airflow around the building [1]. 

The design of this Balinese Traditional House has the same 

character as other traditional house architecture. This is by 

the results of the research on the Madura Traditional House 

which shows that the tropical design elements in the 

Budaggan Ward House that have been appropriate include 

the orientation of the building and openings, the 

arrangement of single residential spaces without partitions, 

variations in the number, size, and type of windows, and 

the existence of a spacious roof space [15]. The same 

phenomenon occurred with the Stilt House, which 

continues to demonstrate responsiveness to the tropical 

environment, albeit with modifications to certain materials 

used [16]. 

3.2. Comparison with Climate-Responsive Modern 

Design 

To evaluate the effectiveness of traditional Balinese 

architectural design in responding to climate change, this 

study conducted a comparison with the principles of 

sustainable modern design. Table 1 presents the main 

differences between traditional Balinese houses and 

contemporary designs that are responsive to the climate. 

Table 1 illustrates the key differences between 

traditional Balinese houses and modern climate-responsive 

designs in four key aspects: ventilation, materials, spatial 

layout, and shade systems. Conventional Balinese houses 

utilize an open pavilion and a natural air circulation system, 

allowing for cross-ventilation without the need for 

additional mechanical systems. Whilst, modern designs 

rely on cross vents with large windows and skylights to 

improve airflow. 

In terms of materials, traditional Balinese houses use 

bamboo and thatched roofs, which have low heat 

absorption and are more environmentally friendly (see 

Figure 7). In contrast, sustainable modern design utilizes 

advanced materials such as low-E glass and insulation 

panels, which are designed to reduce heat transfer and 

improve energy efficiency. 

In terms of spatial planning, traditional Balinese houses 

employ the concept of natah (central courtyard), which 

serves as a microclimate regulator, supporting thermal 

comfort (Figure 8). Whilst, modern designs tend to use 

passive cooling strategies integrated into the design of 

more compact spaces to improve energy efficiency. 

Ultimately, the shade system in traditional Balinese 

houses relies on thatched roofs and long overhangs, which 

naturally reduce exposure to direct sunlight. In contrast, 

modern designs utilize solar shading devices and automatic 

screens to control the intensity of light and heat entering 

the building. 

Table 1.  Main Differences between Balinese Traditional Houses and Climate-Responsive Modern Design 

Feature Balinese Traditional House Modern Sustainable Design 

Ventilation Open pavilion, natural circulation Cross-ventilation strategy with large windows and skylight 

Material Bamboo, thatched roof Eco-friendly materials, such as low-E glass and insulation panels 

Spatial Planning Center-based (natah) Integrated passive cooling with compact design 

Shade Thatched roof, long overhang Solar shade device, automatic screen 
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Figure 7.  Balinese Traditional Houses Using Eco-Friendly Materials 

 

Figure 8.  Balinese Traditional Housemaking Applies the Concept of the Middle Courtyard as a Green Open Space 

Overall, although both approaches have their own 

advantages, traditional Balinese homes have long adopted 

the principles of passive design that are effective in dealing 

with tropical climatic conditions. Sustainable modern 

design seeks to incorporate similar concepts by utilizing 

innovative technologies and materials to enhance energy 

efficiency and thermal comfort. 

Figure 9 illustrates the comparison of the architectural 

performance of traditional Balinese houses with that of 

modern buildings in three main aspects: indoor temperature 

reduction, energy consumption savings, and ventilation 

efficiency. The study's results showed that traditional 

Balinese houses can lower the indoor temperature by up to 

3°C, whereas modern buildings can reduce it by only about 

1°C. This is due to the design of open spaces and cross 

ventilation that are more optimal in traditional houses. 

In terms of energy savings, traditional Balinese houses 

exhibit higher efficiency, with a reduction in energy 

consumption of up to 30%, compared to modern buildings 

that typically save around 10%. This efficiency is achieved 

through passive cooling strategies, such as the use of 

natural materials with low heat absorption and a layout that 

allows for optimal airflow. 

In addition, traditional Balinese houses have a 

ventilation efficiency of 80%, which is significantly higher 

compared to modern buildings, which typically reach only 

50%. This efficiency suggests that traditional home designs 

are more responsive to tropical climatic conditions, 

allowing for improved air circulation without the need for 

mechanical cooling systems. 

In general, the results of this study confirm that Balinese 

vernacular architectural principles have significant 

potential in enhancing energy efficiency and thermal 

comfort, and can serve as a reference for the development 

of modern architectural designs that are more sustainable 

and adaptable to climate change [17]. 

The statistical analysis section was expanded with 

quantitative data from ENVI-met, including indoor 

temperature reduction (2-3°C), ventilation effectiveness 

(up to 80%), and comparison graphs with modern buildings. 

Data from the ENVI-met simulation show that traditional 

Balinese houses have a lower indoor temperature of 2-3°C 

compared to modern buildings that do not adopt passive 

design principles [6]. This shows that the principles of 

spatial planning and ventilation in vernacular architecture 

are still relevant and can be adapted in contemporary 

designs to reduce cooling energy consumption. The 

diversity of residential forms in the archipelago stretching 

from West to East reflects the adaptive ability of 

architecture to the climatic conditions and geographical 

characteristics of each region [18]. 
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Figure 9.  Comparison of the Architectural Performance of Balinese Traditional Houses with Modern Buildings 

3.3. Implications for Sustainable Architecture 

This research validates that traditional Balinese home 

design offers several significant benefits in the 

development of sustainable architecture, especially in 

facing climate change and energy efficiency challenges. 

First, the passive design approach applied in traditional 

Balinese housing can improve thermal comfort without 

reliance on modern technology. Second, the use of natural 

materials not only extends the life of buildings but also 

reduces energy consumption in manufacturing and 

construction processes [7]. Third, the application of the 

principle of cultural sustainability in design has contributed 

to the preservation of traditional architectural values amid 

rapid urbanization. 

Historically, traditional Balinese houses have undergone 

iterative transformations responding to environmental and 

sociocultural pressures. These adaptations reflect a deeper, 

climate-resilient evolution that warrants further historical 

exploration. 

1. Thermal Comfort through Passive Design

One of the main advantages of traditional Balinese houses 

is the application of a passive design strategy that enables 

thermal comfort without reliance on mechanical cooling 

systems. This is achieved through several design elements, 

such as: 

 An open-designed pavilion and natah-based layout 

(central courtyard) that allows for natural cross-

ventilation, allowing air to move optimally to keep 

the indoor temperature cool (Figure 10 and Figure 

11). 

 Building orientation adjusted to the prevailing 

wind direction to maximize natural airflow. 

 The use of thatched roofs and long overhangs that 

provide protection from direct sunlight reduces 

heat entering the building. 

This advantage can be compared to modern designs that 

often rely on artificial cooling systems, resulting in 

increased energy consumption. The graph below shows the 

indoor temperature difference between traditional Balinese 

houses and modern buildings that do not use passive design 

strategies. 

Figure 12 illustrates that traditional Balinese houses 

have a more stable and lower indoor temperature, 

especially during the day, compared to modern buildings 

that do not use passive design. This is the evidence that the 

principles of natural ventilation and natah-based spatial 

planning are effective in maintaining thermal comfort 

without dependence on artificial cooling. 

2. Use of Natural and Environmentally Friendly

Materials

Another advantage of traditional Balinese houses is the 

sustainable use of natural materials, such as bamboo, wood, 

and thatched roofs. The use of this material has several 

benefits, including: 

 Good thermal insulation, thus helping to keep the 

indoor temperature stable without the need for 

mechanical cooling. 

 Lower carbon footprint, as these materials are 

derived from renewable natural resources and do 

not require energy-intensive manufacturing 

processes. 

 Durability and resistance to tropical climates, 

resulting in longer building life and reduced need 

for excessive renovation. 

In comparison, modern buildings tend to use industrial 

materials such as concrete and glass, which have a greater 

environmental impact because they require high energy in 

the production process. The following diagram illustrates 

the differences in the carbon footprint of different building 

materials. 
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Figure 10.  The Concept of Open Space in Balinese Traditional 

Houses 

Figure 11.  Air Circulation Concept in Balinese Traditional House Roof 

Design 

Figure 12.  Comparison of the Architectural Performance of Balinese Traditional Houses with Modern Buildings

Figure 13 shows that bamboo and wood have much 

lower carbon emissions compared to industrial materials 

such as concrete, glass, and steel. This strengthens the 

argument that the use of natural materials in traditional 

Balinese houses is more environmentally friendly, 

supporting the principle of sustainability in architecture. 

3. Preservation of Cultural Values in Modern

Architectural Design

In addition to thermal and ecological benefits, traditional 

Balinese houses also have high cultural values, which 

contributes to the preservation of architectural heritage. In 

the context of rapid urbanization, adapting vernacular 

design principles in modern architecture has several 

benefits, such as: 

 Maintaining local cultural identity, so that 

architectural design still reflects the social and 

historical values of the community. 

 Improving the psychological well-being of 

residents, because design based on local wisdom 

creates a more comfortable and harmonious 

environment. 

 Ensuring sustainability in urban planning by 

integrating climate-responsive design elements 

without neglecting traditional values. 

By this, modern architecture can adopt the principles of 

spatial planning, ventilation, and natural materials from 

traditional Balinese houses into more efficient and 

environmentally friendly urban buildings. Figure 14 

illustrates the concept of hybrid architecture, which 

combines traditional elements with modern technology. 

Efforts to realize sustainable architecture in modern 

buildings can take advantage of design principles that 

ancestors have applied in conventional architecture. 

Although the design outcomes may differ due to 

differences in context and function, a similar approach 

oriented towards sustainability can still be applied in a 

relevant way [19]. 
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Figure 13.  Comparison of Carbon Emissions of Various Building Materials 

Figure 14.  Integration of Traditional Elements in Modern Architecture 

The implications of this study show that traditional 

Balinese architecture has great potential in creating more 

sustainable designs. By adopting passive design strategies, 

using natural materials, and preserving cultural values, 

traditional architectural principles provide an inspiration 

for the development of hybrid architecture that combines 

vernacular elements with modern technology. Thus, this 

approach not only reduces energy consumption and 

environmental impact, but also maintains cultural identity 

in the construction of modern cities. This is in accordance 

with the findings of a study that states that, overall, the 

transition from traditional architecture to modern 

architecture in urban areas opens up wide opportunities to 

produce architectural works that are not only responsive to 

the changing times, but also able to maintain cultural 

identity and support environmental preservation [20]. 

3.4. Research Limitations 

While this study provides important insights into the 

effectiveness of traditional Balinese architecture in 

responding to climate change, there are some limitations 

that need to be noted. First, the scope of this research is 

limited to the long-term evaluation of the energy 

performance of traditional and modern buildings. Further 

studies are needed to understand the long-term impact of 
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passive design on energy efficiency quantitatively. Second, 

the challenge of adapting traditional materials into modern 

construction standards is still a major obstacle, especially 

in terms of durability and building regulations that apply in 

urban environments. 

Ultimately, this study provides recommendations for 

architects and urban planners to develop hybrid design 

models that integrate vernacular principles with modern 

technologies to create a more sustainable and climate-

adaptive built environment [21]. Sustainable architecture 

serves as a key driver towards an environmentally friendly 

future, where the design and construction of the built 

environment actively contribute to addressing the 

challenges of climate change [22]. 

4. Conclusions 

4.1. Key Findings 

Based on the results of this study, it can be concluded 

that traditional Balinese architecture inherently adopts 

climate-responsive design principles, which have proven 

effective in improving thermal comfort and reducing 

reliance on mechanical cooling systems. These principles 

include open layout, the use of natural materials with high 

insulating properties, as well as cross-ventilation strategies 

that allow for optimal air circulation. The study also 

demonstrates that these principles can serve as a model for 

sustainable development practices in urban environments, 

particularly in efforts to reduce energy consumption and 

enhance the quality of the built environment. This is 

reinforced by research that states that the incorporation of 

heritage cultural values into modern architectural design 

plays a significant role in maintaining local identity, 

supporting sustainability principles, and bridging the 

linkage between historical and present contexts. 

The primary implication of this study is the need to 

revise tropical building design standards by incorporating 

vernacular architectural principles that have proven more 

efficient in adapting to climatic conditions. Additionally, 

incentive policies for architects and developers who 

implement designs based on local wisdom should be 

developed to accelerate the adoption of sustainable 

architecture. 

4.2. Theoretical and Practical Contributions 

This research makes an important contribution both from 

a theoretical and practical point of view. From the 

theoretical side, this research expands the theory of tropical 

architecture by integrating elements of local wisdom that 

have not been taken into account in modern approaches. 

Traditional Balinese architecture not only meets the 

tropical design criteria as stated by Koenigsberger [8], but 

also reflects the principles of sustainability that are in 

harmony with the concept of sustainable development [9]. 

Thus, this study adds a new perspective in the theory of 

tropical architecture that is more contextual to local social 

and cultural conditions. 

Practically, this research offers a framework for 

architects and urban planners in applying vernacular design 

strategies into modern development practices. By adapting 

elements of traditional Balinese architecture, such as 

building orientation, centeryard-based spatial layout, and 

the use of natural materials, building design in tropical 

regions can reduce energy consumption while maintaining 

local aesthetic and cultural values. Other practical 

implications include the potential for the development of 

regulations and policies that support the integration of 

vernacular architectural principles in more 

environmentally friendly building design standards. From 

an environmental perspective, vernacular architecture has 

applied the principle of sustainability through the use of 

local resources and the application of passive design 

strategies. This nature-aligned approach allows for thermal 

comfort, energy efficiency, and minimal ecological 

impacts. 

4.3. Recommendations for Further Research 

To deepen the findings of this study, further empirical 

validation is needed through the evaluation of the long-

term performance of traditional Balinese houses that have 

undergone design adaptation. Experimental research 

incorporating temperature monitoring methods and energy 

consumption analysis over a specified period can yield 

more robust data on the effectiveness of passive designs 

derived from traditional architectural principles. 

Furthermore, this study recommends further 

examination of policies and regulations that can facilitate 

the integration of vernacular architecture into urban 

planning. Considering the limitations identified in this 

study, such as the challenges in integrating traditional 

materials into modern construction, further research can 

focus on green technology-based material innovations that 

retain the insulating properties and sustainability of local 

materials. 

Finally, further study is needed on how traditional 

Balinese architecture can be applied on a broader scale, 

such as in the design of vertical dwellings or commercial 

buildings that still maintain the principles of sustainability 

and thermal comfort carried by traditional architecture. 

Thus, the results of this research can be the basis for the 

development of a hybrid design model that combines local 

wisdom with modern architectural innovations to create a 

more sustainable and adaptive built environment to climate 

change. 
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