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This study proposes a model for a healthy home that emphasizes natural ventilation in 

Oesapa Village, Kupang City, East Nusa Tenggara. Utilizing a quantitative descriptive 

method, the research focuses on three different designs. Data were collected through field 

observations, documentation, interviews, and historical climatology data, such as air 

temperature, rainfall, and wind speed, from the Meteorology, Climatology, and 

Geophysics Agency. The findings indicate that natural ventilation principles, including 

cross ventilation, proper building orientation, suitable materials, and effective spatial 

planning, are essential for creating a healthy and comfortable home. The proposed home 

concept model integrates these elements while considering the surrounding community's 

social, economic, and cultural conditions. This design is specifically intended for a family 

of four and is based on a square-shaped land area of 280 m², and features a one-story 

permanent house. Among the three designs studied, Design I was found to be the most 

effective in optimizing natural ventilation for a healthy home. Furthermore, this study 

emphasizes the significance of furniture layout for airflow and health indicators, 

particularly in reducing CO2 concentrations. This highlights the importance of air 

circulation in designing healthy homes in tropical climates, serving as a reference for 

building healthy and sustainable homes in Oesapa Village. 
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1. INTRODUCTION

The need for a healthy home is one of the basic or minimum 

requirements a family must meet. A good home must be able 

to modify an uncomfortable outdoor climate into a 

comfortable indoor climate for its occupants [1]. Therefore, 

home design is not limited to the form of a physical building. 

However, adjusting the climate conditions in a particular area 

is not just necessary but urgent, and this aspect should be 

considered in the planning concept to produce a safe and 

comfortable home [2]. East Nusa Tenggara (NTT) is one of 

the provinces in Indonesia, located astronomically at 8°-12° 

LS (south latitude) and 118°-125° LE (east longitude). The 

NTT region generally has a semi-arid climate due to its short 

rainy season and prolonged dry season each year [3]. Oesapa 

Village, located in Kupang City, is one of the villages in NTT 

Province that experiences low rainfall, which affects 

environmental conditions such as air temperature, solar 

radiation, wind, and humidity. This will undoubtedly affect the 

community's comfort with housing. Furthermore, the region's 

high humidity and heat, and its wealth of wind resources 

highlight how crucial natural ventilation is for structures. 

Natural ventilation potential (NVP) is an evaluation index that 

can effectively assist and optimize the design of natural 

ventilation in buildings [4]. 

Several studies have explored the principles of healthy 

home design and natural ventilation in tropical climates. The 

main emphasis is on passive design strategies that utilize 

natural conditions, including building orientation, shading, 

and natural ventilation techniques. Research conducted in 

Malaysia has specifically investigated how natural ventilation 

can be integrated into urban tropical home design, mainly 

through the stack effect [5]. The importance of natural 

ventilation in enhancing indoor air quality and thermal 

comfort in tropical homes has been widely discussed. By 

leveraging natural air movement, natural ventilation 

contributes to a healthier indoor environment while reducing 

reliance on mechanical air conditioning systems, leading to 

energy savings [6]. This airflow helps eliminate stale air, 

pollutants, and excess moisture from within the home, 

improving the air quality that occupants breathe [7]. 

On the other hand, natural ventilation in residential 

buildings refers to exchanging air inside these spaces through 

openings such as vents, windows, and doors that can be 

opened or closed. According to Zhao and Qin [8], the cooling 

effect of natural ventilation is more pronounced when both 

windows and doors are open, compared to situations where 

windows are open but doors are closed. The annual reduction 

in cooling load for rooms and buildings is estimated to be 

between 0.34% and 10.50%, with an average of 6.14%. 

Therefore, it is essential to design and regulate building 

openings to maximize the benefits of natural ventilation. This 
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process is crucial for creating a thermally comfortable and 

energy-efficient indoor environment. Several studies have 

explored the potential of natural ventilation in residential 

buildings, including investigations into the combined effects 

of indoor and outdoor air pollution [9], the impact of thermal 

mass [10], and issues related to thermal comfort and indoor air 

quality [11]. Natural ventilation can generally be categorized 

into three types based on opening positions: (1) single-sided 

ventilation (SSV), where one or more vents are located on one 

side of the building; (2) cross-ventilation (CV), which allows 

air to flow through the building by placing windows on 

opposite sides; and (3) stack ventilation (SV), which takes 

advantage of temperature differences between the indoor and 

outdoor environments, with vents positioned at different 

heights [12]. Karava et al. [13] stated that cross-ventilation is 

more efficient than single-sided ventilation. 

Researchers have recently collaborated to study the effects 

of different roof types and openings on natural ventilation in 

buildings [14]. Vaishnani et al. [15] conducted numerical 

simulations using the predicted mean vote (PMV) model to 

evaluate how roof slope angles influence cross ventilation in 

Delhi, India, during winter, summer, and monsoon seasons. 

Their findings revealed that an increased roof slope angle 

decreased the PMV value in winter but increased it in summer. 

Building on this work, Peren et al. [16] examined the impact 

of roof geometry on cross ventilation in buildings with 

insulated leeward saw roofs. Meanwhile, Kosutova et al. [17] 

investigated the effects of louvres positioned at various fixed 

angles on natural ventilation in buildings with flat roofs. 

Expanding on this research, Tai et al. [18] studied how louvres 

affect air exchange efficiency in flat-roofed buildings at 

different positions and angles. This collaborative effort has 

significantly advanced our understanding of natural 

ventilation. 

In various studies, researchers have explored how changes 

in the geometric design of semicircular curved roofs can 

enhance natural ventilation capacity [19]. Their findings 

indicate that the wind angle highly influences the ventilation 

performance of a curved roof; optimal performance occurs at 

00, while performance is poorest between 75° and 90°. 

Additionally, Peren and colleagues [20] examined the 

relationship between the slope angle of a single-slope roof and 

the positioning of window openings. They discovered that the 

slope angle significantly affects ventilation airflow, whereas 

the vertical position of the outlet opening has minimal impact. 

In another 2015 study, Peren [21] utilized computational fluid 

dynamics (CFD) simulations and found that the maximum 

increase in internal air volume flow was achieved with a 

sloped windward roof compared to a building without a roof. 

Furthermore, Peren [16] investigated single-pitch roofs and 

various concave and convex roof designs. The results 

indicated that convex roofs could enhance negative pressure 

near building exhaust vents, thereby improving cross-

ventilation within the building. 

Furthermore, numerous studies on passive design have 

shown that these strategies can significantly reduce energy 

consumption in buildings [22-24]. Natural ventilation is an 

effective passive cooling strategy that can significantly lower 

indoor heat loads and reduce energy usage [25-28]. 

Additionally, natural ventilation helps to provide fresh air, 

supporting human metabolism and ensuring good indoor air 

quality [29]. According to Lapisa [30], there are several ways 

to enhance natural ventilation and reduce energy consumption 

in homes. For instance, a rectangular building is more 

conducive to adequate cross-ventilation. Additionally, 

planting shade trees in the yard can help lower outdoor 

temperatures. It is essential to have adequate openings for air 

to flow in, and these openings should be positioned neither too 

close nor directly opposite each other. 

In this regard, the condition of residents' houses in Oesapa 

Village, Kupang City, is influenced by several factors that 

compromise natural lighting and ventilation systems. Many 

houses do not consider local climate conditions, such as the 

proper placement of openings about the sun's path and the 

arrangement of green open spaces. Additionally, construction 

practices often fail to meet established standards, including 

building height, roof slope, window sizes, ventilation, distance 

between houses, and environmentally unfriendly roofing 

materials. As a result, residents experience discomfort due to 

high indoor temperatures and insufficient natural light. This 

evaluation is based on the criteria established by the 

government regulations of the Republic of Indonesia at the 

national and Kupang City levels. At the national level, the 

Decree of the Minister of Health of the Republic of Indonesia 

Number 829/Menkes/SK/VII/1999 outlines various housing 

health requirements. These include the quality of building 

materials, the arrangement of components and rooms, lighting, 

air quality, ventilation, water quality, waste management, and 

residential density [31]. The Ministry of Public Works and 

Public Housing (PWPH) or PUPR (in Indonesia) has defined 

five indicators for habitable houses: adequate space, building 

durability, proper sanitation, easy access to drinking water, 

and sufficient ventilation and lighting. The principle of 

building reliability, which encompasses safety, health, 

comfort, and convenience, is also regulated under Government 

Regulation Number 16 of 2021 [32]. At the Kupang City level, 

Kupang Mayor Regulation Number 17 of 2019 concerning 

Community-Based Total Sanitation (CBTS) emphasizes the 

importance of promoting clean and healthy living practices 

and effective sanitation management at the community level. 

In addition, Oesapa Village, located in Kupang City, faces 

significant challenges related to decent and healthy housing 

availability. Research indicates that most houses in Oesapa do 

not meet the necessary standards for healthy living [31]. The 

public's knowledge about the requirements for a healthy home 

is also relatively low. Furthermore, issues concerning waste 

management and sanitation are prevalent in this area. Many 

residents rely on dug wells for clean water, and there is a 

pressing need to improve sanitation facilities, such as toilets 

and liquid waste management systems [33]. Economic 

constraints and a lack of understanding about constructing 

healthy homes using simple materials contribute to these 

challenges. The arrangement of the housing environment, 

including the placement of trash bins and septic tanks, often 

fails to meet health standards [34]. The socio-economic 

conditions in Oesapa significantly influence the housing 

characteristics in the area. The interaction between the 

indigenous Timorese people and migrant traders from Bugis 

and Java creates complex economic dynamics, which can lead 

to disparities in wealth. Additionally, population growth and 

development in the coastal regions of Oesapa put pressure on 

land availability and infrastructure. Therefore, when designing 

healthy homes in Oesapa, it is essential to consider the 

community's economic situation to ensure that the proposed 

solutions are affordable and aligned with local needs. 

This study proposes a healthy housing model incorporating 

natural ventilation appropriate for the climate in Oesapa 

Village. The benefits of this model include improved living 
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conditions and a healthier environment. It is expected that this 

model will provide valuable input for stakeholders when 

developing policies and healthy living programs aimed at 

promoting the construction of healthy and environmentally 

friendly houses for the residents of Kupang City. 

 

 

2. MATERIALS AND METHODS 
 

2.1 Overview of research location 

 

Figure 1 presents a map of the research location in Oesapa 

Village, Kupang City, NTT, Indonesia. The research was 

conducted over six months, from September 2022 to February 

2023. Primary data was collected through field observations, 

documentation, interviews with local communities, and 

literature regarding healthy home standards and natural 

ventilation principles. Oesapa Village comprises 17 

community units (CU) and 54 Neighborhood Units (NU), 

covering an administrative area of 4.37 km². The 

administrative boundaries of the area are as follows: (1) the 

northern part borders Kupang Bay; (2) the southern part 

borders Penfui Village and Liliba Village; (3) the eastern part 

borders Lasiana Village; and (4) the western part borders 

Kelapa Lima Village. The population of Oesapa Village 

consists of 14,482 men and 15,837 women, and the number of 

heads of families is 674, as reviewed from the type of gender 

and occupation/livelihood. Secondary data in the form of 

historical climatological data for Kupang City, such as 

monthly data on air temperature, rainfall, and wind speed, 

were obtained from the Meteorology, Climatology, and 

Geophysics Agency (MCGA) or BMKG (in Indonesia) from 

September 2022 to February 2023. 

 

 
 

Figure 1. Research location 

2.2 Research method 

 

This paper employs a quantitative descriptive research 

method with a modeling design. The modeling research 

method involves using a model to represent a specific process 

or system. Table 1 presents the sources, types of data, and data 

collection instruments used in this study. 

 

2.3 Data processing and analysis techniques 

 

2.3.1 Planning data analysis 

This section emphasizes the importance of reviewing field 

data to create a systematic, factual, and accurate representation 

of the research object. This involves using measurable and 

immeasurable descriptions, understandings, or explanations to 

convey the current state of the research. 

 

2.3.2 Design analysis 

The house is designed based on a comprehensive analysis 

considering the number of occupants, their characteristics, the 

sun's path, and wind direction. This analysis meets the 

requirements for constructing a house [35], adheres to healthy 

home standards [36], and follows technical guidelines for 

assessing healthy homes [37]. Additionally, it incorporates 

standards for technical ventilation from the Health Service of 

the Republic of Indonesia (RI) established in 2007 and the 

Technical Guidelines for Healthy Simple Homes from the 

Decree of the Minister of Kimpraswil No. 403/KPTS/M/2002. 

The design of the healthy home includes floor plans, front 

views, rear views, left-side views, and right-side views, all of 

which reflect the thoroughness of the analysis and were 

created using AutoCAD software. Furthermore, SketchUp 

software has been designed to create three-dimensional images 

with the same level of attention to detail. 

 

2.3.3 Design requirements 

The following requirements have been considered in the 

design of a healthy home that incorporates natural ventilation: 

- General requirements for constructing a healthy home, 

including the necessary house and lot area, minimum 

space requirements for various activities, the arrangement 

of residential activity areas, layout (building orientation), 

ventilation, and the placement of doors and windows, as 

well as walls, ceilings, and roofs. 

- Specific space area requirements. 

- Space area requirements per person, as outlined in the 

Ministerial Decree of Kimpraswil No. 403/KPTS/M/2002. 

- Technical specifications for ventilation and window 

design. 

- Consider wind direction and sun path direction.  

 

Table 1. Data collection sources and techniques 

 

No. Data Types 
Data Collection Technique 

Data Source 
Instrument Tool 

1. 

Primary 

Topographic data 

Landform and area 

Objects in the research location 

Observation 

Observation 

Observation 

Observation sheet 

Observation sheet 

Observation sheet 

Research location 

Research location 

Research location 

2. 

Secondary 

Population data 

Climatology data (wind district, wind direction, rainfall, 

temperature) 

Documentation 

Documentation 

Documentation 

format 

Documentation 

format 

Secretary of the Village Head 

BMKG or MCGA Kupang City 

Lasiana 
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3. RESULTS 

 

3.1 Existing condition of the Oesapa settlement 

 

3.1.1 General description 

Figure 2(a) illustrates the current state of housing in Oesapa 

Village. The settlement exhibits irregular and densely built 

conditions, with buildings situated very close to one another, 

often adjacent in crowded areas (Figure 2(b)). This proximity 

can negatively impact air circulation and the entry of natural 

light into the homes. A study conducted by Djati et al. [38] 

found 869 residential building units of various types and sizes 

in Oesapa Village. Among these, 465 units do not meet 

established standards. This includes 171 uninhabitable 

housing units, 123 that are irregular, and another 171 that fail 

to comply with technical requirements. These findings 

indicate that many homes do not satisfy health-related housing 

criteria, particularly regarding air circulation, essential for 

ensuring occupants receive adequate oxygen. Issues include a 

lack of ventilation, opaque windows, permanently closed 

windows that are rarely opened, accumulation of rubbish, and 

the absence of proper waste disposal facilities in the 

surrounding environment. 

 

3.1.2 House plan form of the community 

The predominant feature of the houses is the gable roof, 

which is triangular, or the shield roof, a variation that includes 

additional sloping planes on the short sides. Gable roofs are 

popular due to their simple construction and effectiveness in 

draining rainwater. The roof slope angle typically ranges from 

15 to 30 degrees and is commonly covered with zinc (Figure 

3). This slope is essential to ensure smooth rainwater flow and 

to prevent leaks, especially in regions with high rainfall. 

Due to the density of the buildings, most houses primarily 

rely on windows at the front for ventilation, with only a limited 

number featuring side windows. Roof ventilation is generally 

not used because of the low angle of the roofs. In Oesapa, 

natural ventilation varies, primarily depending on light 

circulation from the front windows and doors. The size and 

positioning of the windows are crucial design elements that 

significantly influence the amount of light entering the house, 

underscoring their importance in architectural planning. 

 

 
                          (a)                                                                              (b) 

 

Figure 2. Research location: (a) Existing condition of Oesapa settlement; (b) The condition of the houses (Sample) 

 

 
 

Figure 3. House plan of the Oesapa community in Kupang City
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3.2 Planning data 

 

3.2.1 Topography 

The planning area features flat land with rocky soil types. 

The slope of the terrain ranges from 0% to 15%. The 

topography of Kupang City exhibits a stepped formation at 

varying altitudes. The first step, located in the northern part of 

the city, has an elevation between 0 and 50 m above sea level 

(asl). The second step is found in the middle region, with an 

altitude ranging from 50 to 150 m (asl). The third step is 

situated in the southern part, with elevations reaching from 

150 to 350 m (asl) [39].  

 

3.2.2 Object data around the planning location 

The designed house is in Tii Langga Alley, Oesapa Village, 

Kelapa Lima District, Kupang City (Figure 1). The land is 

rectangular, covering an area of 280 m². It is surrounded by 

other buildings: residential houses to the east, boarding houses 

to the north, and a three-story campus building to the south. 

On the south and west sides, a 4-meter-wide access road runs 

alongside the campus fence, providing significant potential for 

the project. 

3.2.3 Climatology data 

1) Wind 

According to climatology data, the average wind speed in 

Kupang City ranges from 4 to 7 months, specifically from 

April to September, with an average speed exceeding 15.8 

kph. The windiest month of the year in Kupang City is July, 

with an average wind speed of 20.8 kph, as shown in Figure 4. 

In terms of wind direction, the data indicates that the 

predominant wind flow in Kupang City comes from the east 

for 7 to 8 months, from March to November. Conversely, 

winds from the west occur for 3 to 5 months, from December 

to March each year, as shown in Figure 5. 

2) Rainfall and temperature 

Kupang City experiences rainfall for approximately 4 to 7 

months each year, from October to May. During this period, 

the lowest recorded rainfall is 13 mm, while February typically 

sees the highest average rainfall, reaching 286 mm, as 

illustrated in Figure 6. Additionally, data regarding air 

temperature in Kupang City from 2019 to 2021 indicates that 

the maximum temperature recorded in 2020 was 33.0℃, as 

shown in Figure 7. 

 

 
 

Figure 4. Average hourly wind speed 

 

 
 

Figure 5. Wind direction in Kupang City 

 

 
 

Figure 6. Rainfall conditions in Kupang City 
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Figure 7. Temperature conditions in Kupang City 

 
3.3 Proposed healthy home concept 

 
3.3.1 Design model 

This study proposes three alternative models for healthy 

home design. Each model undergoes a comprehensive 

feasibility assessment to ensure compliance with data 

architecture standards and other necessary technical 

requirements. The main components of the proposed designs, 

including the design space area and opening area, are detailed 

in Tables 2 to 5. Additionally, Table 6 shows the assessment 

of each design based on the data architecture reference. 

Tables 3, 4, and 5 describe three models, with Model 1 

developed from the initial design. Design 1 increases the 

ventilation area by 10% of the floor area compared to the 

initial design. The following design increases the ventilation 

area by 20% of the initial design area and incorporates door 

openings. This paper does not explicitly examine the 

percentage increase in ventilation; instead, it focuses on the 

feasibility of the designs based on the architectural indicators 

outlined in Table 6. The aim is to ensure that Model 1 meets 

the requirements for the design of the house components. 

Based on the assessment results, the most suitable design 

for a house with natural ventilation is design 1. The evaluation 

thoroughly examined each design's capacity to promote 

natural airflow, regulate temperature, and ensure energy 

efficiency. Design 1 exceeded the requirements for the 

primary components necessary for natural ventilation, 

achieving a score of 20. In comparison, design 2 received a 

score of 13, and design 3 received a score of 18. 

Furthermore, the supporting components of the house 

design consist of seven key indicators: building orientation, 

location of openings, building shape, placement of vegetation, 

arrangement of rooms, positioning of openings, and width of 

eaves. Table 7 presents the assessment indicators for these 

supporting components. The results indicate that design 1 

achieved the highest score of 14, while design 2 scored 11 and 

design 3 scored 10. 

The complete design model proposed in this study is 

illustrated in Figure 8. The house is designed with a land size 

of 20m × 15 m, consisting of 3 bedrooms, one guest room each, 

one family room, one kitchen, and two bathrooms/toilets. The 

roof height is about 12 meters, with a roof slope of 500. The 

roof height is made in such a way as to obtain more ventilation 

in a position where the houses are close together. At the peak 

of the roof gable, there is a window ventilation that allows air 

to enter through this ventilation. 

 

 

 

Table 2. Design the space area 
 

No. Type of Room Room Area (m2) 

1 Front terrace 3 × 2 = 6.00 

2 Side terrace 3 × 2 = 6.00 

3 Living room 3 × 3 = 9.00 

4 Family room + dining room 6 × 3 = 18.00 

5 Family bedroom + Bathroom 1 5 × 3 = 15.00 

6 Boy's bedroom 3 × 3 = 9.00 

7 Girl's bedroom 3 × 3 = 9.00 

8 Laundry room 1.5 × 3 = 4.50 

9 Kitchen + Bathroom 2 3 × 3 = 9.00 

10 Warehouse 1.5 × 3 = 4.50 

Amount 90.00 
 

Table 3. The ventilation opening area is 10% of the floor 

area 
 

No. Type of Room 
Room Area 

(m2) 

Ventilation Area 

(m2) 

1 Living room 9.00 0.90 

2 
Family room + 

dining room 
18.00 1.80 

3 
Family room + 

dining room 
15.00 1.50 

4 Boy's bedroom 9.00 0.90 

5 Girl's bedroom 9.00 0.90 

6 
Kitchen + Bathroom 

2 
9.00 0.90 

Amount 69.00 6.90 
 

Table 4. The ventilation opening area is 20% of the floor 

area 
 

No. Type of Room 
Room Area 

(m2) 

Ventilation Area 

(m2) 

1 Living room 9.00 1.80 

2 
Family room + 

dining room 
18.00 3.60 

3 
Family room + 

dining room 
15.00 3.00 

4 Boy's bedroom 9.00 1.80 

5 Girl's bedroom 9.00 1.80 

Amount 60.00 12.00 
 

Table 5. Door opening area 
 

No. Door Type Size (m2)  

1 Main  2.20 × 1.00 = 2.20 

2 Bedroom  1.90 × 0.80 = 1.52 

3 Bathroom 1.90 × 0.60 = 1.14 

4 Warehouse 1.90 × 0.90 = 1.71 

Amount 6.71 
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Table 6. Assessment of the main components of the house design 
 

No. Indicator Category Value 
Assessment Result Score 

Design 1 Design 2 Design 3 

1 

Ceiling height (m) 

< 4.00 

= 4.00 

> 4.00 

Not fulfilled 
 

0 
   

Fulfilled 1  1  

Very fulfilled 2 2  2 

2 

Wall height (m) 

< 4.50 

= 4.50 

> 4.50 

Not fulfilled 
 

0 
   

Fulfilled 1    

Very fulfilled 2 2 2 2 

3 

Bedroom window opening area 

< 20% of floor area 

= 20% of floor area 

> 20% of floor area 

Not fulfilled 
 

0 
   

Fulfilled 1    

Very fulfilled 2 2 2 2 

4 

Window opening area of living room/dining room 

< 20% of floor 

= 20% of floor 

> 20% of floor 

Not fulfilled 
 

0 
   

Fulfilled 1  1  

Very fulfilled 2 2  2 

5 

Ventilation opening area 

< 10% of floor area 

= 10% of floor area 

> 10% of floor area 

Not fulfilled 
 

0 
   

Fulfilled 1  1  

Very fulfilled 2 2  2 

6 

Kitchen smoke hole area 

< 10% of floor area 

= 10% of floor area 

> 10% of floor area 

Not fulfilled 
 

0 
   

Fulfilled 1   1 

Very fulfilled 2 2 2  

7 

Main door opening Area 

< 2.20 m × 1.00 m 

= 2.20 m × 1.00 m 

> 2.20 m × 1.00 m 

Not fulfilled 
 

0 

 

 

 

 
 

Fulfilled 1  1  

Very fulfilled 2 2  2 

8 

Bedroom door opening area 

< 1.90 m × 0.80 m 

= 1.90 m × 0.80 m 

> 1.90 m × 0.80 m 

Not fulfilled 
 

0 

 

 
  

Fulfilled 1  1 1 

Very fulfilled 2 2   

9 

Bathroom door opening area 

< 1.90 m × 0.60 m 

= 1.90 m × 0.60 m 

> 1.90 m × 0.0 m 

Not fulfilled 
 

0 
   

Fulfilled 1    

Very fulfilled 2 2 2 2 

10 

The width of the warehouse door opening 

< 1.90 m × 0.90 m 

= 1.90 m × 0.90 m 

> 1.90 m × 0.90 m 

Not fulfilled 
 

0 
 

 

0 
 

Fulfilled 1    

Very fulfilled 2 2  2 

Amount 20 13 18 
 

Table 7. Assessment of supporting components for house design with natural ventilation 
 

No. Indicator Category Value 
Assessment Result Score 

Design 1 Design 2 Design 3 

1 

Building orientation 

- Facing west to east 

- Facing north to south 

- Facing east to west 

None appropriate 0    

Less Appropriate 1    

Appropriate 2 2 2 2 

2 

Location of openings 

- Openings from the west 

- Openings from the north 

- Openings from the east and south 

None appropriate 
 

0 
 

 

 
 

Less Appropriate 1   1 

Appropriate 2 2 2  

3. 

Building form 

- Thick building configurations hinder 

airflow movement 

- Thin building configurations allow for more 

dynamic airflow movement 

Less Appropriate 1  1  

Appropriate 2 2  2 

4 

Vegetation placement 

- From the north and south 

- From the east and west 

- From the east, west, and south 

None appropriate 0    

Less Appropriate 1    

Appropriate 2 2 2 2 

5 

Placement of bedroom and family room 

- Facing west 

- Facing north 

- Facing east and south 

None appropriate 0    

Less Appropriate 1   1 

Appropriate 2 2 2  
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6 

Placement of openings 

- Closely spaced openings 

- Exactly opposite openings 

- Openings on opposite sides/crosswise 

None appropriate 0    

Less Appropriate 1   1 

Appropriate 2 2 2  

7 

Eaves width 

- < 1.00 m from the outer edge of the wall 

- = 1.00 m from the outer edge of the wall 

- > 1.00 m from the outer edge of the wall 

None appropriate 
 

0 
   

Less Appropriate 1  1 1 

Appropriate 2 2   

Amount 14 11 10 
 

  
(a)                                                                            (b) 

 
(c)                                                 (d)                                                                (e)  

 
(f)                                                       (g) 

 

Figure 8. Design model: (a) House plan; (b) Section A-A; (c) Front view; (d) Rear view; (e) Section B-B; (f) Left view; (g) Right 

view 
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3.3.2 Natural ventilation concept 

1) Building orientation 

The building's front is oriented to face the sun's path (from 

east to west). This alignment allows the building to maximize 

the use of sunlight as a source of natural lighting (Figure 9). 

 

 
 

Figure 9. Orientation 

 

2) Door, window, and ventilation openings 

The window openings used in this building are glass-panel 

wooden windows, as shown in Figure 10. This model features 

a bottom-opening system that utilizes wind rights on both the 

left and right sides, allowing air to flow naturally from the 

sides and bottom of the window. This design ensures proper 

ventilation and connects the building's interior to its natural 

environment. The width of each window hole is detailed in 

Tables 3 and 4. Similarly, the ventilation openings are made 

of wood combined with lattices, with the width of each 

window hole adjusted to the details of the area. Wood panels 

are used for door closers and locks. The main door consists of 

two leaves, while each bedroom, bathroom, and storage room 

door uses one door leaf (Figure 11). 

 

 
(a)                                     (b) 

 

Figure 10. Opening details: (a) Windows; (b) Ventilation 

 

 
(a)                      (b)                            (c) 

 

Figure 11. Door leaves: (a) Main; (b) Bedroom; (c) 

Warehouse 

 

3) Ceiling 

The ceiling is constructed with a light steel frame and 

covered with gypsum material. It features varying heights 

depending on the area of the room, ranging from 3.75 to 4.50 

meters. This design allows free air circulation, creating a more 

comfortable room temperature (Figure 12). 

 

 
 

Figure 12. Ceiling 

 

4) Design of the roof shape of the house 

The house features a gable roof that stands 6.60 meters tall, 

with a slope of 50 degrees. It is designed with adequate 

ventilation holes to allow for free air circulation, creating a 

cooler environment in the space below (Figure 13). 

 

 
 

Figure 13. Roof model 

 

 

4. DISCUSSION 

 

The housing environment is integral to daily life, as people 

spend approximately half their time at home. Poor housing 

conditions can facilitate the spread of diseases and health 

issues, including respiratory infections, skin infections, and 

illnesses linked to rodent and insect infestations [40]. 

Additionally, substandard housing can lead to accidents and 

conditions related to sick building syndrome (SBS), which 

includes symptoms such as dry cough, eye irritation, and dry, 

itchy skin [41]. Consequently, a home's quality significantly 

impacts its occupants' health [42]. Rana et al. [40] state that an 

unhealthy home environment can negatively impact health. In 

unhealthy homes, various health conditions may arise, 

influenced by lighting, ventilation, humidity, cleanliness, 

waste management, and wastewater disposal [43, 44]. 

This paper presents a model for a house designed with 

natural ventilation, tailored to the specific conditions of 

settlements in Oesapa Village. The study is based on data 

concerning family size, topography, the shape and area of the 

land, as well as information regarding objects in the vicinity of 

the proposed site. Additionally, the planning utilizes climatic 

data for the area, which indicates a maximum wind speed of 

20.8 km/h. The prevailing wind comes mostly from the east 

for 7 to 8 months of the year, coinciding with a dry season that 

lasts for 8 to 9 months and features low rainfall for 3 to 4 of 

those months. This approach aligns with the findings of 
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Madhumati and Sundarraja [45], who state that essential data 

for planning residential buildings includes wind direction, 

solar radiation, air temperature, humidity, rainfall, and air 

movement. 

On the other hand, this study's building design concept 

focuses on natural ventilation and is based on the sun's path, 

specifically in the east-west direction. The design considers 

the need for fresh air per person per hour, implementing 

natural ventilation through strategically placed openings in the 

building. The design suggests that window openings should 

comprise 20% of the floor area. In addition, ventilation 

through ceiling height should account for 10% of the floor area, 

with recommended ceiling heights ranging from 3.75 to 4.5 

meters. The design also incorporates a gable roof, which 

features ventilation openings at the bottom and the top to 

facilitate air circulation. Moreover, careful placement of trees 

for shade in the afternoon is considered. Natural ventilation 

allows for air exchange in a building through open elements, 

as mentioned by Soliman [46] and Qataya et al. [47]. Increased 

airflow can enhance the skin's surface evaporative cooling 

process, providing occupants with a more comfortable 

environment. 

Furthermore, to create a healthy home, the community 

needs to know the components that a healthy home must have. 

Among them, a strong foundation to transfer the building load 

to the ground provides building stability and connects the 

building and the ground. Then, the floor is waterproof and not 

damp, with a minimum height of 10 cm from the yard and 25 

cm from the road. The most important thing is that the house 

must have windows and doors that function as ventilation and 

sunlight, with a minimum area of 10% of the floor area. These 

windows and doors not only serve their practical purpose but 

also connect the inhabitants to the natural environment, 

fostering a sense of harmony and well-being. In addition, the 

house's walls are waterproof, which supports or supports the 

roof, withstands wind and rainwater, protects from heat and 

dust from outside, and maintains the confidentiality of its 

occupants. According to George et al. [48], indoor thermal 

discomfort is very challenging. It depends on one or more 

materials used, either as ceiling boards, stone used as wall 

material, the wood used in making doors, the wood used in 

making roof supports, the roof sheet itself, or a combination of 

all. Therefore, attention should be paid to the ceiling to 

withstand and absorb the sun's heat up to 30%, at least 2.4 m 

from the floor. It can be made of boards, woven bamboo, 

plywood, or gypsum. Finally, the roof of the house functions 

as a barrier to the heat of the sun's rays and protects against the 

entry of dust, wind, and rainwater. The slope of the roof angle 

must consider the topographic conditions in the residential 

environment. In this study, a model of the slope of the roof of 

a house of 50 degrees was created by the topographic 

conditions in the city of Kupang. As previously described, 

Kupang is a semi-cold climate area influenced by a very low 

rainy season compared to the prolonged dry season yearly [3]. 

Next, the furniture layout analysis reveals that the furniture 

arrangement can significantly impact airflow within a house. 

Large pieces placed in the middle of a room or front of 

windows and vents can obstruct the airflow path, diminishing 

the effectiveness of natural ventilation. It is advisable to 

position furniture to optimize airflow so that the space between 

openings, such as windows, doors, and vents, remains clear. 

Furniture should be arranged along the walls or in the room's 

corners, avoiding obstructing air movement from one side to 

another. In homes designed for cross ventilation, ensuring that 

furniture allows air to flow freely from the incoming to the 

outgoing windows is essential. Similarly, furniture placed 

around the atrium should not block the upward movement of 

air in a house with a central atrium. 

Another aspect, indoor CO2 concentration, is a key indicator 

of air quality and ventilation effectiveness. Elevated CO2 

levels can signal inadequate fresh air exchange, negatively 

impacting occupant health, leading to fatigue, headaches, and 

decreased concentration [49]. Adequate natural ventilation 

helps lower CO2 concentrations by introducing fresh air from 

the outside and expelling CO2-rich indoor air. The reduction 

of CO2 levels achieved through natural ventilation in these 

home models demonstrates the potential to create healthier 

indoor environments for residents. Maintaining low CO2 

levels is associated with improved air quality and can enhance 

occupant health and well-being. 

 

 

5. CONCLUSIONS 

 

Climate has a clear impact on building design and planning. 

Energy-efficient and sustainable design practices must be able 

to integrate natural energy (e.g., solar and wind radiation) as 

part of their design features. Early consideration of climate, in 

street layout, building land allocation, building orientation, 

and daily building operations, helps maximize the use of 

natural energy to achieve comfortable conditions. 

This study presents specific design and planning ideas for 

Oesapa Village that leverage natural energy to enhance 

comfort. Optimal comfort can be achieved with a gable roof 

house design that includes ventilation openings at both the 

bottom and top of the roof, alongside strategically arranged 

trees to provide shade. The roof slope model 50° is tailored to 

the topographic conditions of Kupang City, which is 

characterized as a semi-arid climate with a very short rainy 

season and an extended dry season each year.  

This model is intended to serve as a recommendation for the 

Kupang City Government, encouraging the adoption and 

promotion of these healthy house designs as part of a 

sustainable housing development initiative. 
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NOMENCLATURE 

 

ASL Above sea level  

CFD Computational fluid dynamics 

CU Community units  

CV Cross-ventilation 

CBTS Community-based total sanitation 

ES East longitude 

LS South latitude 

MCGA  Meteorology, Climatology and Geophysics 

Agency  

NVP Natural ventilation potential 

PMV Predicted mean vote 

PWPH Public works and public housing 

SBS Sick building syndrome 

SSV Single-sided ventilation 

SV Stack ventilation 
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