
International Journal of Architecture, Arts and Applications 

2026, Vol. 12, No. 1, pp. 1–16 

https://doi.org/10.11648/j.ijaaa.20261201.11  

 

 

 

Received: 14 December 2025; Accepted: 29 December 2025; Published: 29 January 2026 

 

Copyright: © The Author(s), 2026. Published by Science Publishing Group. This is an Open Access article, distributed 

under the terms of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0/), which 

permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited. 
  

Research Article 

The Influence of Building Orientation on Thermal 

Performance in Palapa Village Housing, Lhokseumawe 

Rifar Manani* , Cut Nursaniah , Irin Caisarina  

Department of Architecture and Planning, Universitas Syiah Kuala, Banda Aceh, Indonesia 

 

Abstract 

The enhancement of the community's standard of living has intensified the desire for an improved environment. Nonetheless, 

new issues have arisen concurrently with a notable increase in energy consumption, particularly in type 36 residential dwellings 

in Palapa Village Housing, Lhokseumawe, Aceh. Excessive energy use elevates indoor temperatures and undermines the thermal 

comfort of the inhabitants. This study seeks to examine the impact of building orientation on thermal comfort in residential 

properties within the region. This study employs a quantitative methodology on 53 residential samples to assess the impact of 

solar exposure on achieving optimal interior thermal conditions. The research findings demonstrate that northern orientation is 

superior in mitigating heat load from noon to evening, consistently offering enhanced thermal performance compared to western 

and southern orientations. Furthermore, it is particularly advantageous in tropical climates, especially when integrated with 

designs that facilitate cross-ventilation and natural shading. The building's orientation significantly influences airflow and the 

efficacy of natural ventilation. Under diurnal simulation settings, the building orientation in Palapa Village significantly affects 

airflow patterns and ventilation efficacy, although the surface temperature distribution remains rather consistent across 

orientations. In conclusion, a correlation exists between building orientation and thermal performance, yielding design 

recommendations that can improve thermal comfort and promote energy efficiency in comparable housing in the future. 
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1. Introduction 

The implementation of Green Architecture principles is 

expected to make a significant contribution to efforts to re-

duce the impact of global warming and support long-term 

environmental sustainability. However, as the quality of life 

in society improves, the demand for a better environment also 

becomes stronger, creating new challenges in managing the 

increasingly significant surge in energy consumption [5]. 

Excessive energy consumption causes heat to be trapped 

indoors, affecting the thermal comfort of the occupants [3]. 

The sun is the main source of light that has a direct rela-

tionship with indoor thermal comfort through the regulation 

of the amount of sunlight entering the building [6]. The high 

energy consumption is caused by a lack of understanding of 

basic thermal needs, which results in thermal discomfort not 

being adequately addressed [27]. This thermal discomfort 

negatively affects human productivity, making thermal sen-
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sation a very important factor [9]. Therefore, researchers are 

increasingly interested in exploring thermal performance [5]. 

The thermal performance of a building has a significant 

impact on the comfort of its occupants, particularly in influ-

encing room temperature [4]. The human body's metabolism, 

which continuously requires and generates heat, demands a 

balanced heat exchange with the surrounding environment [4]. 

An optimal balance between body temperature and environ-

mental temperature is the key to achieving thermal comfort, 

involving various complex processes such as evaporation, 

convection, conduction, and radiation [4]. Therefore, to en-

sure thermal comfort and maintain stable human body tem-

perature, indoor conditions must be maintained thru thermal 

comfort standards [23]. Thermal comfort standards are nec-

essary to assist building designers in providing a thermally 

comfortable indoor environment for building occupants [9]. 

Thermal comfort standards define temperature increases as a 

negative factor with limited values to create comfortable 

conditions with air conditioning systems. These standards 

require temperatures of 22.5°C to 26°C for summer indoors 

[25]. However, if the temperature decreases, it creates a more 

thermally comfortable environment for the building's occu-

pants. A decrease in temperature can enhance the well-being 

and productivity of the occupants, as a cooler environment 

tends to improve concentration and work comfort [21]. 

In addition to discussing temperature, there are several 

factors that influence the thermal performance of buildings, 

such as building shape, insulation level, thermal comfort 

management, and airtightness effectiveness. The presence of 

shading devices, space distribution, quantity, and size also 

play important roles in achieving optimal and sustainable 

environmental conditions [6]. However, among all these 

factors, building orientation emerges as a key factor that is 

increasingly important in addressing thermal performance 

challenges in buildings. Optimal building orientation is not 

only an economical solution but also significantly reduces 

energy consumption in the building sector. The orientation of 

the building also affects the position of the building openings, 

where the placement of external openings will influence the 

amount of solar radiation entering the building. Thus, the size 

and position of openings have a direct impact on the building's 

ability to regulate and retain heat [18]. 

A good building orientation can actually be adapted from 

the traditional Acehnese house, known as Rumoh Aceh. This 

traditional Acehnese house reflects wisdom in adapting to 

natural conditions and religious beliefs. Rumoh Aceh is a stilt 

house with pillars 2.5 to 3 meters high from the ground. The 

entire house is made of wood, except for the roof, which is 

made of woven rumbia or enau leaves, and the floor, which is 

made of bamboo. This house faces North and South, extend-

ing from East to West, to avoid winds blowing from East to 

West or vice versa, which could potentially topple the struc-

ture. This orientation also allows sunlight to enter the rooms, 

both on the East and West sides. The orientation of the Rumoh 

Aceh reflects the Acehnese community's response to climatic 

conditions. 

However, modern architecture tends to overlook local 

principles in favor of adopting modernization in housing 

construction. One of the housing types that adopts moderni-

zation and is most in demand is type 36. Based on BTN data, 

in June 2018, type 36 houses recorded the highest property 

price index, which was 167.74 with an annual increase of 

8.4%. In comparison, type 45 recorded an index of 143.97 and 

type 70 an index of 141.20. This shows that from January 

2014 to June 2018, the price of type 36 houses increased by 

67.74% [19]. The popularity of type 36 houses is driven by a 

combination of affordable prices and a size that is quite ideal 

for many families, making it the primary choice for people 

who want to own a private home [16]. This type comes in two 

land size options, namely 6 meters x 6 meters and 9 meters x 4 

meters. Additionally, there are also options for type 36/60 and 

36/72, which refer to land areas of 60 square meters and 72 

square meters, respectively. Type 36 houses typically have a 

layout consisting of two bedrooms, one bathroom, a living 

room, and a kitchen [20]. 

Suboptimal orientation can cause problems such as in-

creased heat in the rooms, especially in the summer, if the 

house is not designed or positioned well to take advantage of 

sunlight and optimal air circulation [11]. As a result, these 

houses tend to experience excessive heat, especially in the 

summer. This is due to the lack of attention to building ori-

entation because the optimal level of understanding and 

concept has not yet been achieved [14]. Additionally, the 

rapid growth of type 36 housing in Lhokseumawe is often 

constrained by land limitations, resulting in suboptimal de-

signs. This condition affects the thermal comfort and energy 

efficiency of these houses due to the lack of variation in ori-

entation and design. 

Compared to other regions, Lhokseumawe is known as a 

special economic zone that impacts weather changes in the 

area [17]. The presence of export processing zones, logistics 

zones, industrial zones, energy zones, and tourism zones adds 

a dimension to the environmental development in this city 

[17]. The Meteorology, Climatology, and Geophysics Agency 

(BMKG) Malikussaleh Station stated that extreme air tem-

peratures often occur in Lhokseumawe, reaching temperatures 

of 30-34 degrees Celsius. According to the Lhokseumawe 

City Government, the area also experienced significant 

growth in built-up land from 1992 to 2012, reaching 26.29%, 

which included substantial changes in various types of land 

use [12]. 

Therefore, the climate issues in the Lhokseumawe area 

have resulted in increasingly significant problems with 

building orientation and thermal comfort in type 36 housing. 

However, the lack of understanding about the importance of 

building orientation and thermal comfort often leads to these 

issues being overlooked (B. Saputra, 2023). As a result, type 

36 houses in Lhokseumawe often experience excessive heat 

and discomfort, which negatively impacts the quality of life of 

their residents. Thus, this research is interested in further 
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investigating the influence of building orientation on thermal 

performance in the Palapa Village housing in Lhokseumawe. 

Research on building orientation and thermal comfort has 

attracted the interest of several researchers [7, 15, 22, 26]. 

However, previous research tends to be limited to the island of 

Java due to the high population density, which can result in 

low thermal comfort for the inhabitants. However, to expand 

the diversity of research references, this study focuses on the 

Aceh region, specifically Lhokseumawe, which offers a di-

mension of uniqueness and stronger relevance in the local 

context. Several previous studies, were also interested in 

researching thermal comfort, which showed that the role of 

building orientation is more significant in reducing cooling 

energy consumption compared to interior lighting or other 

uses. This is because climate-oriented buildings are believed 

to consume less energy [24]. Further analysis thru research [1] 

using two scenarios revealed that indoor air temperature and 

relative humidity are influenced by orientation and elevation, 

with air velocity in the living room in the best scenario being 

almost eight times higher compared to the same room in the 

worst scenario [1]. 

Thus, further testing is needed regarding the relationship 

between building orientation and heat reduction, especially in 

the context of type 36 residential houses in the Palapa Village 

housing complex in Lhokseumawe. The results of this re-

search are expected not only to complement architectural 

literature but also to provide practical guidance for profes-

sionals in creating energy-efficient and adaptive designs to 

various orientations, while enriching the understanding of the 

complex interactions between building design and environ-

mental conditions. Moreover, this research can serve as a 

starting point for refining architectural design practices in 

tropical regions, creating sustainable solutions to face in-

creasingly extreme climate challenges. Thus, this research is 

expected to contribute to the development of architectural 

knowledge and provide a strong foundation for more sus-

tainable and climate-responsive building designs in the future. 

2. Materials and Methods 

2.1. Type of Research 

This research uses a quantitative method because quantita-

tive research employs careful design, control, and precise 

measurement to examine phenomena. Additionally, quantita-

tive research focuses on objectivity and is highly relevant 

when measurement variables and outcomes can be collected 

from a sample population. 

2.2. Duration 

This research was conducted over 3 days on sample houses 

located in different orientations, namely north, east, south, 

and west. With three measurement sessions each day for three 

days, this study produced a total of 21 data points per sample 

house. 

2.3. Location 

This research was conducted on type 36 residential houses 

in the Palapa Village housing complex, Lhokseumawe. The 

location of this research was chosen based on the unique 

characteristics of Lhokseumawe as a special economic zone 

with significant weather conditions. The presence of various 

industrial, energy, logistics, and tourism zones in this city 

substantially affects the environment, creating extreme air 

temperatures that frequently occur (BMKG Malikussaleh 

Station). This research was conducted over three consecutive 

days with varying weather conditions but still reflecting the 

characteristics of the dominant humid tropical climate in 

Lhokseumawe City. Based on measurement data at various 

building orientations, the air temperature during the research 

was recorded in the range of 29°C to 34.7°C during the day 

and evening, with the lowest temperature generally occurring 

in the morning at around 26°C to 27°C. 

2.4. Population and Research Sample 

The population of this study includes all type 36 residential 

houses in Palapa Village Housing, which consists of 63 

houses. The selection of this population provides a repre-

sentative picture of the variations in building orientation, 

physical structure of the houses, and environmental condi-

tions within the housing complex. This study uses purposive 

sampling as the sampling method, which involves selecting 

samples based on specific criteria relevant to the research 

objectives. 

2.5. Variables Measurement 

This research uses building orientation as the independent 

variable and thermal performance as the dependent variable. 

To measure the orientation of the building, this study con-

siders four openings: north, south, east, and west. Meanwhile, 

thermal performance is measured based on temperature, hu-

midity, wind speed, solar radiation, and ventilation. The var-

iables in this study were measured using various accurate and 

reliable tools and standards. The researchers calculated the 

PMV (Predicted Mean Vote) and PPD (Predicted Percentage 

of Dissatisfied) values to assess thermal sensation. PMV is an 

index used to estimate a person's thermal comfort in an en-

vironment, while PPD estimates the percentage of people who 

are uncomfortable under those conditions [4]. 

Additionally, for natural lighting analysis, the Ecotect ap-

plication is used. A thermohygrometer is employed to directly 

measure thermal conditions, ensuring that the obtained data is 

accurate and reliable. This research also uses the Ansys ar-

chitectural software to conduct simulations and in-depth an-

alyzes related to the thermal performance of the building. 

Ansys is used to model the temperature distribution within the 

building based on orientation and external climate factors, as 
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well as to study how airflow occurs in different rooms, such as 

the living room, bedroom, kitchen, and bathroom. This allows 

researchers to better understand the effects of ventilation and 

air circulation. 

2.6. Testing Instruments 

Research on the effect of building orientation on heat re-

duction in type 36 residential houses in the Palapa Village 

Housing Complex in Lhokseumawe requires several testing 

instruments to carry it out. 

Temperature measuring device: This device is needed to 

measure the air temperature inside and around the house. 

Temperature measuring devices such as digital thermometers 

or infrared thermometers can be used to measure temperatures 

accurately. 

Software: To simulate the effect of building orientation on 

heat reduction, thermal simulation software such as Ansys is 

required. 

Survey instruments: To collect subjective data from resi-

dents, survey instruments such as questionnaires are required. 

Recording tools: Materials such as paper, pens, or spread-

sheet software are needed to record and analyse data from 

measurements, simulations, and surveys. 

Housing documents: Information about building construc-

tion and materials, as well as information related to spatial 

planning, will assist in analysing the effects of building ori-

entation, such as maps or floor plans of Palapa Village 

Lhokseumawe housing, which are needed to identify building 

orientation and geographical position. 

3. Results 

3.1. Building Description 

The buildings in Palapa Village Housing entirely use a 

simple type 36 house design, with a growable house concept 

that allows for future space development. This type 36 house 

has a building area of 36 square meters, standing on a plot 

measuring 72 square meters. The facade design of the build-

ings in the entire area is relatively uniform, following the 

developer's design standards. 

  
(a)                                                           (b) 

Figure 1. (a) Village Position of Doors and Windows in Palapa Village Housing, (b) Village Position in Palapa Village Housing. 

The orientation of buildings in this area varies following 

the plot patterns and the direction of the local roads, resulting 

in houses facing east, west, north, or south. This variation in 

orientation is an important focus of the research because it 

affects the extent of solar radiation exposure on the buildings. 

The basic shape of the building is a single-story house with a 

gable roof of minimal vertex. 
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Figure 2. Type of Housing of Palapa Village. 

The building materials used in Palapa Village Housing are 

classified as economic standards, which generally do not 

provide optimal protection against the humid tropical climate. 

The building walls use red brick masonry plastered and 

smoothed with cement, while the roof uses metal tiles with a 

lightweight steel frame. These two materials are known to be 

quite high thermal conductors, thus capable of increasing the 

indoor temperature, especially during the day when the in-

tensity of solar radiation peaks. This condition will be worse if 

not accompanied by additional thermal insulation, which in 

reality is not available in the majority of houses. 

  
Figure 3. Housing Open of Palapa Village. 
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Opening elements such as windows and ventilation have 

not yet been designed to optimize thermal comfort. Small, 

unshaded plain glass windows are the only source of natural 

light and air. 

Coming. While additional ventilation is small grilles above 

doors or windows, which do not allow for cross ventilation. 

This combination makes the air circulation in the house very 

limited, causing hot air to become trapped and thermal com-

fort to be difficult to achieve, especially from noon to the 

afternoon. 

The gable roof design also has minimal overhang, so most 

of the house walls are directly exposed to solar radiation 

without protection. The effect will be very noticeable on 

houses facing east and west, which each receive direct sun-

light intensity in the morning and evening. When combined 

with limited ventilation and the absence of vegetative or ar-

chitectural shields, the buildings become more susceptible to 

excessive heat accumulation. Although from the perspective 

of residential health requirements, the houses in this area have 

met the minimum standards, such as the use of waterproof 

ceramic floors and adequate natural lighting, the overall 

building design has not fully responded to the characteristics 

of the humid tropical climate. The lack of sun protection, 

limited air circulation, and the use of materials with high 

thermal conductivity make the residents highly dependent on 

adaptive strategies, such as the use of fans or air conditioning. 

In other words, thermal comfort has not yet been achieved 

through the passive design of the building, but rather relies 

more on additional energy interventions from the occupants. 

3.2. Results of PMV Measurements at Various 

Orientations 

The PMV value is used as the main indicator of the thermal 

comfort level experienced by building occupants, where a 

higher PMV value indicates increasingly hotter and more 

uncomfortable thermal conditions, while a PMV value ap-

proaching zero reflects neutral and comfortable thermal con-

ditions. 

Measurements were taken on the four main orientations of 

the building, namely east, west, south, and north, within the 

time range from 08:00 to 17:00 each day. Data were obtained 

thru direct observation over three consecutive days, namely 

Monday (September 2, 2024), Tuesday (September 3, 2024), 

and Wednesday (September 4, 2024). To facilitate reading 

and analysis, the measurement results are presented in the 

form of PMV development graphs for each building orienta-

tion on each day. These graphs illustrate the fluctuations in 

thermal comfort levels throughout the day and serve as the 

basis for drawing conclusions and providing recommenda-

tions related to building designs that are more adaptive to the 

tropical climate. 

3.2.1. PMV First Day Research 

 
Figure 4. The PMV Value of Oriented Buildings. 

The building facing east shows a PMV pattern that con-

tinues to increase from morning to afternoon. At 08:00, the 

PMV value was recorded at 2.04, which is still in the warm 

category. Over time, the PMV increased to 2.31 at 09:00, 2.54 

at 10:00, and 2.87 at 11:00. Approaching noon, the PMV 

slightly decreased to 2.75 at 12:00, but then rose again to 3.15 

at 13:00 and peaked at 3.39 at 16:00. This indicates that the 

east orientation causes the building to receive increasing heat 
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exposure throughout the day. Although the main exposure 

should occur in the morning, these results suggest that heat 

accumulates and is trapped inside the building, leading to a 

decrease in thermal comfort in the afternoon. This condition 

highlights the need for design strategies such as cross venti-

lation or the use of roofing and wall materials with high re-

flective capabilities. 

West-oriented buildings show the lowest PMV value in the 

morning at 08:00, which is 1.63. The PMV value sharply 

increases to 2.2 at 09:00 and reaches 2.82 at 10:00. A fluctu-

ation pattern is observed with a slight decrease at 11:00 (2.63), 

but it stabilizes above 2.8 approaching noon. The peak PMV 

occurs at 14:00 with a value of 3.46. This pattern describes the 

characteristics of west-oriented buildings, which are relatively 

cooler in the morning but experience a heat spike as the sun 

moves westward from noon to evening. This makes 

west-oriented buildings tend to be less comfortable, especially 

during the late afternoon hours, so it is very important to 

anticipate this with sun protection on the west facade and 

optimal ventilation design. 

The southern orientation results in the lowest initial PMV at 

08:00 (0.79), indicating relatively cool conditions in the 

morning. However, the PMV value increases drastically as the 

sun rises, reaching 2.47 at 09:00 and 3.02 at 10:00. The PMV 

value remains high throughout the day, peaking at 14:00 with 

a value of 3.52. Buildings with a southern orientation in this 

study experience very intense heat exposure from noon to 

evening. This is due to the position of the sun in 

Lhokseumawe, which is located north of the equator, causing 

the southern side of the building to receive accumulated in-

direct radiation. The rapid increase in PMV indicates that the 

southern orientation at this location has a high risk of thermal 

discomfort. 

North-oriented buildings show a more stable PMV increase 

pattern compared to other orientations. The initial value of 1.7 

at 08:00 gradually increased to 2.24 at 09:00, 2.61 at 10:00, 

and 2.8 at 12:00. The peak PMV was recorded at 13:00 at 3.15. 

and afterward the value decreased to 2.57 at 2:00 PM. This 

shows that the north orientation is relatively better at reducing 

heat load from noon to evening. The decrease in PMV value 

after its peak indicates that buildings with a north orientation 

lose heat more quickly, resulting in a more comfortable 

thermal condition for occupants compared to west and south 

orientations. 

3.2.2. Research Day Two of PMV 

 
Figure 5. The PMV Value of Oriented Buildings. 

The building with an east orientation on Tuesday showed a 

moderate PMV pattern. The lowest PMV was recorded at 

09:00 at 1.18, while the highest PMV occurred at 13:00 with a 

value of 2.83. The PMV increase pattern appeared gradual, 

with a value of 1.51 at 08:00, rising to 2.07 at 10:00, and 2.45 

at 11:00 AM. After reaching its peak at 1:00 PM, the PMV 

value slightly decreased and stabilized in the range of 2.16 to 

2.45 until the evening. Compared to the previous day, the 

PMV on the east orientation on Tuesday tends to be lower. 

This indicates that the weather conditions or solar radiation 

intensity on Tuesday were more favorable, or the eastern 

building benefited from more effective natural ventilation and 

cooling on that day. However, the PMV value remained at a 

warm level (2 < PMV < 3) for most of the time, which means 

the occupants still experienced thermal discomfort from noon 

to afternoon. 

In the western orientation, the lowest PMV was recorded at 

08:00 at 1.39, and the highest value occurred at 10:00 at 2.82. 
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Interestingly, the PMV spike occurred quite rapidly from the 

morning until 10:00 AM, but after that, the PMV remained 

relatively stable and did not show significant increases. The 

PMV was recorded at 2.43 at 12:00 PM, 2.72 at 1:00 PM, and 

slightly increased to 2.77 at 2:00 PM. After that, the PMV 

value gradually decreased to 2.06 at 5:00 PM. This pattern 

shows that west-facing buildings heat up quite quickly in the 

morning leading to noon. However, after reaching their peak, 

the buildings do not experience further spikes. This may be 

influenced by clouds or changes in solar radiation intensity in 

the afternoon, or due to more effective heat release compared 

to the previous day. Nevertheless, a PMV above 2 throughout 

the day until the evening indicates a level of thermal dis-

comfort that is quite bothersome to the occupants. 

The south-oriented building shows a PMV pattern with a 

gradual and quite high increase during the day. The initial 

PMV at 08:00 was recorded at 1.53, rising to 1.88 at 09:00, 

and continuing to increase to 2.17 at 10:00 and 2.27 at 11:00. 

The peak PMV occurred at 13:00 with a value of 3.08, indi-

cating excessive heat conditions. After the peak, the PMV 

gradually decreased to 2.77 at 14:00 and continued to de-

crease to 2.32 at 17:00. These results are consistent with the 

pattern of the previous day, where the south orientation con-

tinued becomes an orientation with the worst thermal per-

formance, especially during the day. The position of the sun 

crossing the north in the tropical region causes strong indirect 

radiation on the southern side of the building. This empha-

sizes that the southern orientation in this area should be 

equipped with additional protection in the form of shading 

devices or radiation barriers to reduce heat load. 

North-oriented buildings show a rising pattern. On the 

north orientation, Tuesday's PMV showed the most stable and 

not too high pattern compared to other orientations. The initial 

PMV at 08:00 was recorded at 1.4 (data on the graph), rising 

to around 2.0 at 10:00, and peaking at 13:00 at 2.7 (referring 

to the data of graphic). After this peak, the PMV gradually 

decreased to 2.3 at 5:00 PM. This PMV value confirms that 

the north orientation still provides better thermal performance 

compared to the west and south orientations. The temperature 

difference is not too extreme, and the heat decline occurs 

more quickly after its peak. This demonstrates the advantage 

of the northern orientation in reducing the heat load due to 

direct sunlight exposure at this location. 

3.2.3. PMV Research Day Three 

 
Figure 6. The PMV Value of East-Oriented Buildings. 

The east-oriented building on Wednesday showed a con-

tinuously increasing PMV pattern from morning to afternoon. 

At 08:00, the PMV was recorded at 1.38, indicating thermal 

conditions that were starting to feel warm. Over time, the 

PMV value continued to gradually increase: 2.39 at 09:00, 

2.09 at 10:00, and 2.15 at 11:00. This value kept rising until it 

reached 2.42 at 12:00, 2.76 at 13:00, and peaked at 16:00 with 

a PMV of 3.51. At 17:00, the PMV value slightly decreased to 

3.25, but it remained at a very hot and uncomfortable level. 

This pattern indicates that the east-facing orientation experi-

enced a significant accumulation of heat on Wednesday. 

Although the east-facing orientation usually only receives 

sunlight exposure in the morning, under today's conditions, 

the building appears to retain heat until the afternoon. This is 

likely exacerbated by the low wind speed and high air tem-

perature, as well as the radiation trapped inside the building. 

The east orientation today is one of the major contributors to 

the thermal discomfort of the occupants, especially in the 

afternoon. 

Buildings with a western orientation show a PMV pattern 
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that is quite consistent with the characteristics of this orienta-

tion in tropical regions. The initial PMV at 08:00 was 1.73 and 

remained relatively low until 09:00 (1.63). However, by 10:00, 

the PMV began to rise to 2.13 and continued to increase until 

it reached 2.20 at 11:00. The PMV value kept rising over time, 

recording 2.38 at 12:00, 2.46 at 13:00, and peaking at 16:00 

with a value of 3.58. At 17:00, the PMV slightly decreased to 

2.88 but was still considered very hot. This condition reflects 

the character of west-facing buildings that are vulnerable to 

direct sunlight exposure in the late afternoon. The heat from 

solar radiation on the west side causes a high accumulation of 

temperature and drastically reduces thermal comfort in the 

afternoon. This result emphasizes the importance of using 

passive architectural designs such as window shades, cano-

pies, and protective vegetation on the western side of build-

ings in this area. 

The southern orientation once again became the orientation 

with the most challenging thermal performance on Wednes-

day. The PMV at 08:00 started at 1.61, then significantly 

increased to 2.05 at 09:00 and 2.53 at 10:00. This value con-

tinued to rise, reaching 2.88 at 12:00 and peaking at 3.63 at 

13:00. After that, the PMV slightly decreased but remained at 

a very hot level, recording 3.16 at 14:00, 3.44 at 15:00, and 

3.23 at 16:00. At 17:00, the PMV dropped to 2.83, but it re-

mained in the hot category. These results indicate that the 

southern orientation of the Palapa Village Housing is signif-

icantly exposed to indirect heat radiation, primarily due to 

radiation reflection and heat accumulation around the building. 

This condition serves as a strong indicator that building de-

signs with a southern orientation in tropical locations must 

receive serious attention in terms of radiation protection and 

ventilation design. 

North-oriented buildings on Wednesday showed a more 

moderate PMV pattern compared to other orientations, alt-

hough they remained at a high heat level. The PMV at 08:00 

was recorded at 1.73, increasing to 1.82 at 09:00, 2.18 at 10:00, 

and 1.94 at 11:00. The PMV value rose again to 1.88 at 12:00 

and 2.93 at 13:00. The peak occurred at 15:00 with a PMV 

value of 2.98, then remained high until 16:00 (2.97) and 

slightly decreased at 17:00 to 2.56. Compared to other orien-

tations, the north orientation is relatively better at controlling 

extreme temperature spikes, although it still shows a signifi-

cant increase in heat from noon to afternoon. This supports the 

conclusion that the north orientation is more ideal in the 

context of a tropical climate, especially if equipped with de-

signs that support cross-ventilation and natural shading. 

3.3. Ansys Measurements 

3.3.1. Ansys Measurement on Airflow and 

Ventilation Direction 

Airflow is one of the important factors that affects thermal 

comfort in buildings. The presence of effective natural ven-

tilation highly depends on the direction and speed of the wind 

in the surrounding environment. The proper orientation of 

buildings allows for air exchange (cross ventilation), which 

serves to lower room temperature, maintain air quality, and 

reduce dependence on artificial cooling systems. Therefore, 

analyzing the dominant wind direction and airflow patterns in 

the research area is an important initial step to understand the 

impact of building orientation on thermal performance. 

 
Figure 7. Ansys Simulation on Wind. 

Field measurements using a weather station show that the 

dominant wind direction moves from west to east at an av-

erage speed of 3.6 m/s. This condition is consistent with the 

local climate pattern of Lhokseumawe, which is influenced by 

the west monsoon wind, typically blowing in a relatively 

stable direction during certain periods. This data provides a 
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basis that houses with openings aligned with the dominant 

wind direction have the potential to achieve more optimal 

airflow. 

Next, the simulation results using ANSYS 2024 R2 show 

the distribution of air velocity vectors around the building. 

The airflow pattern shows that houses with an east-west ori-

entation are more effective in utilizing the dominant wind 

direction, as the openings on the front and back sides of the 

house are aligned with the wind's approach. This allows for 

cross ventilation, where air can enter from one side of the 

building and exit thru the opposite side. This cross ventilation 

is one of the passive strategies that has been proven to en-

hance the thermal comfort of occupants. 

On the contrary, houses with north and south orientations 

do not receive optimal airflow. The openings on the front and 

back sides are not aligned with the dominant wind direction, 

so the airflow only passes by the sides of the building without 

entering the interior space. As a result, there is a limitation in 

natural air exchange, which has the potential to reduce ther-

mal comfort levels and increase dependence on mechanical 

cooling systems. 

 
Figure 8. Air residual value. 

The stability of the simulation results is reinforced by the 

scaled residuals graph in the image above. The residuals for 

the energy, velocity, and turbulence (k–ω) parameters have 

reached values below 10⁻³, in accordance with the conver-

gence criteria in CFD analysis. This indicates that the simu-

lation results can be considered valid and representative in 

depicting real field conditions. 

Thus, it can be concluded that the orientation of the 

building has a significant impact on air flow and natural 

ventilation performance. Houses oriented west and east are 

more capable of utilizing the dominant wind direction to 

create cross ventilation, whereas houses with north and south 

orientation are relatively less effective. These findings 

support the concept of green architecture, which emphasizes 

the importance of building orientation as a passive strategy 

to enhance thermal comfort while reducing energy needs in 

housing. 

3.3.2. Ansys Measurement on Buildings 

In addition to analysing the direction and pattern of air flow, 

this research also conducts simulations of temperature dis-

tribution in buildings. Temperature analysis is necessary to 

understand how the thermal conditions around the building 

are influenced by orientation and interactions with wind and 

solar radiation. 

The results of the temperature distribution simulation using 

ANSYS 2024 R2 at 12:00 noon are shown in the figure above. 

Based on the temperature contours, it can be seen that the 

temperature values around the building are relatively uniform, 

ranging from 31.499°C to 31.500°C. The differences that 

appear only occur on certain sides of the building's surface 

that directly interact with air flow and solar radiation inten-

sity. 
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Figure 9. Simulation on Wind. 

This condition indicates that the difference in building 

orientation does not cause significant temperature variations 

on the building surface during daytime measurements. This 

can be explained because the dominant wind direction moving 

from west to east plays a more significant role in air circula-

tion compared to the distribution of surface temperature. In 

other words, although the direction and intensity of the wind 

affect natural ventilation, the distribution of building surface 

temperatures during the day tends to remain stable within the 

same range. 

This phenomenon is consistent with previous research that 

states that the contribution of cross ventilation is more dom-

inant in influencing indoor thermal comfort compared to 

changes in building surface temperature. Therefore, it can be 

concluded that under daytime simulation conditions, the ori-

entation of buildings in Palapa Village has a greater influence 

on airflow patterns and ventilation effectiveness, while the 

surface temperature distribution is relatively uniform across 

orientations. 

4. Discussion 

4.1. The Influence of Building Orientation on 

Thermal Performance in Palapa Village 

Housing, Lhokseumawe 

Global temperature changes have increased the urgency for 

climate-responsive building designs, especially in the face of 

more extreme heat. In the context of housing in tropical cli-

mates such as Lhokseumawe, building orientation becomes 

one of the important factors that can influence thermal com-

fort within the residence [2]. This study shows that the ori-

entation of buildings significantly affects the thermal comfort 

levels of occupants, as measured by the PMV value. Buildings 

facing east and west exhibit higher levels of thermal dis-

comfort, especially in the morning and evening, due to direct 

exposure to solar radiation. In contrast, houses oriented to-

ward the north tend to have more stable and lower PMV 

values, indicating relatively better thermal performance. 

These results support previous findings [8, 10, 13], which 

state that the orientation of buildings toward sunlight plays a 

significant role in determining the need for passive cooling. 

East and west orientations tend to receive a greater heat load 

because the morning and evening sun directly shines on the 

facade surface, which often has minimal protection. With 

minimal cross-ventilation and limited natural shading in this 

residential environment, the effect of orientation on indoor 

temperature becomes increasingly significant. Therefore, the 

orientation of the building and the enhancement of passive 

design features such as roof overhangs or the addition of 

shading vegetation can be important strategies to improve the 

overall thermal comfort of the residence. 

Additionally, the results of numerical simulations using 

ANSYS 2024 R2 provide further insight into the role of 

building orientation on thermal conditions. Airflow simula-

tions show that houses with east-west orientation can take 

advantage of the dominant wind direction from west to east, 

resulting in cross-ventilation that supports indoor air ex-

change. Conversely, houses with north-south orientation are 

relatively less optimal, as the wind tends to pass by the sides 

of the building without entering the interior, leading to limited 
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air circulation. These findings confirm that, in addition to 

solar radiation, wind patterns and natural ventilation also play 

a crucial role in determining the thermal comfort of the oc-

cupants. 

Furthermore, the simulation of surface temperature distri-

bution of the building at 12:00 PM shows that the temperature 

values around the house are relatively uniform, ranging from 

31.499°C to 31.500°C. This indicates that the building's ori-

entation has a greater influence on air flow patterns than on 

surface temperature distribution during the day. Thus, strate-

gies for improving thermal comfort should not only focus on 

controlling solar radiation exposure but also consider utilizing 

the dominant wind direction thru effective cross-ventilation 

design. 

In addition to the PMV results and ANSYS numerical 

simulations, further testing thru sun path analysis using An-

drew Marsh's device also reinforces the findings of this re-

search. 

 
Figure 10. The Movement of the Sun and the Characteristics of Shading. 

The sun path data shows that the direction of the sun's 

movement at the study location tends to lean toward the north 

and is not perpendicular to the equator. This condition has 

implications for the building's shadow patterns, where the 

facades facing north and south receive relatively balanced 

radiation exposure, while the east and west facades continue 

to receive high radiation intensity in the morning and evening. 

This explains why houses with east and west orientations tend 

to experience a more significant increase in heat load com-

pared to houses with north and south orientations. 

http://www.sciencepg.com/journal/ijaaa


International Journal of Architecture, Arts and Applications http://www.sciencepg.com/journal/ijaaa 

 

13 

Thus, Andrew Marsh's solar path analysis further empha-

sizes that thermal comfort in the Palapa Village housing in 

Lhokseumawe is not only influenced by cross ventilation and 

surface temperature distribution factors as seen in the ANSYS 

results and field measurements, but is also closely related to 

the geographical position of the tropical region, which causes 

the direction of incoming radiation to be asymmetrical to the 

building. Therefore, passive design strategies such as the use 

of shading devices, optimization of orientation, and the utili-

zation of shading vegetation become crucial solutions in re-

ducing direct exposure to solar radiation and improving the 

thermal performance of the residence. 

4.2. Comparison of Building Orientation to 

Thermal Performance in Palapa Village 

Housing, Lhokseumawe 

The Predicted Mean Vote (PMV) value is used in this study 

to evaluate the thermal comfort levels of various building 

orientations in the Palapa Village Housing area. Measure-

ments were taken at four main orientations: east, west, south, 

and north, during the time period from 08:00 to 17:00 WIB. 

The results of the conducted research indicate that each ori-

entation has different thermal characteristics, influenced by 

the direction of incoming solar radiation and the peak expo-

sure time. Buildings facing east and west tend to experience 

sharp fluctuations in PMV values, while south and north 

orientations have more stable values but still experience 

spikes at certain times. 

 
Figure 11. Building PMV Value on Monday. 

On the first day (Monday), the eastern orientation rec-

orded a quite drastic increase in PMV since the morning. 

Direct exposure to the morning sun caused the PMV value to 

exceed 3 (the "hot" category) from 1:00 PM to 5:00 PM. 

Meanwhile, the western orientation had a relatively low 

PMV value in the morning but increased significantly to-

ward the afternoon, in line with the sun's movement. The 

southern orientation showed high values from 10:00 AM and 

became one of the most thermally uncomfortable during the 

day. In contrast, the northern orientation recorded a more 

stable PMV value, although it remained in the uncomforta-

ble range (>2), but its fluctuations were not as intense as the 

other three orientations. 

 
Figure 12. Building PMV Value on Tuesday. 

On the second day (Tuesday), a similar thermal pattern was 

repeated. The southern orientation recorded the highest PMV 

value at 1:00 PM with a figure of 3.08, indicating a fairly 

heavy heat load. The eastern orientation again showed an 

upward trend since morning, reflecting prolonged thermal 

discomfort. It is perhaps interesting that the western orienta-

tion was slightly lower than the previous day, peaking at 2:00 

PM. The northern orientation remained the most stable, within 

the range of 1.5 to 2.6, and demonstrated relatively better 

thermal performance in terms of comfort. 

 
Figure 13. Building PMV Value on Wednesday. 

The third day (Wednesday) reinforced the tendency for 

high heat accumulation in certain orientations. The highest 

PMV occurred in the western orientation with a value of 3.58 

at 4:00 PM. The eastern orientation also recorded a significant 

spike at the same time (3.51), while the southern orientation 

peaked at 1:00 PM with a PMV of 3.63, the highest value 

observed throughout the study. Interestingly, the north ori-

entation, which had previously been stable, began to record an 

increase in value in the afternoon (2.98 at 3:00 PM), indicat-

ing a possible effect of heat accumulation and radiation re-

flection from the surrounding environment. 

The results show that the east and west orientations are 

most vulnerable to thermal discomfort due to direct sunlight 

exposure in the morning and afternoon. The south orientation 

shows a high thermal load during the day, while the north 

orientation remains the most stable, although it still shows an 

increasing trend at certain times. This variation shows that the 
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orientation of the building plays an important role in thermal 

comfort and needs to be taken seriously in the design of 

tropical residences. Passive design strategies such as adding 

shading, cross ventilation, and roof insulation become crucial 

to reduce heat impact based on the building's orientation. 

4.3. Building Orientation Recommendations to 

Improve Thermal Comfort 

Based on the results of thermal comfort analysis using 

PMV, airflow simulation thru ANSYS, and visual rein-

forcement from Andrew Marsh's solar path test, several 

building orientation recommendations can be formulated to 

improve the thermal comfort of Palapa Village 

Lhokseumawe. 

First, the orientation of the building toward the north and 

south has proven to be the most ideal in reducing exposure to 

direct radiation throughout the day. However, the analysis 

results show that window and door openings in buildings facing 

only north and south are not effective enough in supporting air 

circulation into the room. Therefore, additional openings facing 

west and east are needed to enable cross ventilation. This con-

figuration helps improve the natural airflow into the building so 

that heat can be released more optimally, supporting the crea-

tion of a cooler indoor environment. 

Second, the orientation of the building must be a primary 

consideration in the application of passive design. Identifying 

the direction and speed of the wind at the location is necessary 

to maximize natural air flow. By utilizing local climatological 

data, the position of openings, ceiling height, and room layout 

can be arranged in such a way as to take advantage of the 

dominant wind and reduce dependence on mechanical cool-

ing. 

Third, the implementation of a roof garden is recommended 

as an additional strategy to minimize heat entering thru the 

building's roof. The roof area is one of the building compo-

nents that receives the most solar radiation, so the presence of 

a layer of vegetation on it can lower the surface temperature, 

increase the humidity of the surrounding air, and contribute to 

the reduction of the indoor temperature below it. 

By combining appropriate orientation strategies, optimiz-

ing openings for cross ventilation, utilizing local wind direc-

tion and speed, and adding a roof garden, buildings in this area 

can be designed to be more responsive to the humid tropical 

climate and support the creation of better thermal comfort 

without a significant increase in energy consumption. 

5. Conclusions 

The orientation of buildings has been proven to affect the 

level of thermal comfort. Houses with an east orientation show 

the most unstable thermal conditions, with relatively high 

temperatures in the morning due to exposure to early morning 

solar radiation. Houses with a west orientation are relatively 

cool in the morning but experience a significant increase in heat 

in the afternoon. South-oriented houses receive a higher heat 

load during the day, causing indoor temperatures to rise. 

Meanwhile, the northern orientation is the most stable, with 

lower temperature variations throughout the day. 

The results of the PMV measurements and ANSYS simu-

lations show consistency with field conditions. The east and 

west orientations yield higher PMV values (tending to be hot), 

while the north and south orientations show PMV values 

closer to neutral. This confirms that north and south orienta-

tions are more supportive of thermal comfort compared to east 

and west. Moreover, although the north-south orientation is 

better in terms of heat exposure, the position and number of 

window openings do not yet support cross ventilation. The 

direction of airflow from east to west has not been maximized, 

so indoor air quality can still be improved, indicating that air 

circulation is not optimal in all orientations. 

Recommendations for improving orientation to enhance 

thermal comfort are as follows: Establish the main orientation 

of the building toward the north and south to reduce excessive 

heat load; Add openings on the east and west sides to support 

more effective cross ventilation; Use shading vegetation and a 

roof garden on the roof and open areas as additional heat 

reduction strategies. 
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