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Abstract. This paper studies the application of passive design strategies in urban buildings in the
hot and humid subtropical climate of Hong Kong. Driven by increasing energy demand and
environmental concerns, the study explores the potential of passive design to reduce reliance on
mechanical cooling systems and improve occupant comfort. The research is particularly relevant in
the context of Hong Kong'’s unique urban challenges, such as limited land availability, high population
density, and a heavy reliance on air conditioning, which collectively contribute to significant energy
consumption and urban heat island effects. The study focuses on key passive design elements
including building orientation, window-to-wall ratio and glazing material, shading strategies, natural
ventilation and building materials. Through a combination of simulation-based analysis and case
studies, the paper demonstrates how these strategies can be effectively integrated into building
designs to optimize thermal performance and energy efficiency. The analysis considers the
limitations of passive design in Hong Kong's high-density urban environment, while also highlighting
the potential for future advances through future-oriented climate projections for the future and policy
support, ultimately aiming to achieve a more sustainable and energy-efficient built environment.
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1. Introduction

With the growth of the world's population and the rapid development of cities, the demand for
buildings as essential spaces for human survival continues to increase. The building sector consumes
a significant portion of primary energy resources, with residential buildings accounting for about 65%
of the total energy consumption of the construction industry [1]. Moreover, the negative impacts of
the construction industry on the environment are becoming more pronounced, with carbon emissions
accounting for more than 25% of the total global carbon emissions [2]. Due to the rapid urbanization
and industrialization that China has experienced in recent decades, the energy consumption of its
building sector is projected to continue growing. According to Guo et al., it is estimated that China's
energy consumption within the building sector by 2050 will account for approximately 20% of the
global energy consumption in this sector [2].

In response to these challenges, the concept of sustainable development has gained prominence,
and passive design has emerged as a promising approach to reduce operational energy in buildings.
By utilizing natural resources such as sunlight, wind, and temperature to enhance energy efficiency
and occupant comfort, passive design minimizes reliance on mechanical systems like ventilation and
electrical systems. This approach effectively reduces energy consumption and emissions, contributing
to more sustainable and environmentally friendly structures.

The concept of passive design was introduced as early as the 1980s, and the first passive houses
were constructed in Darmstadt, Germany, in 1991 [3]. Since then, passive design has gained global
traction, with European countries adopting passive house standards to optimize building insulation,
natural lighting, and ventilation. Similarly, North America and Australia have widely implemented
passive design measures tailored to local climate conditions. In China, passive design is gradually
gaining momentum, supported by green building standards and energy efficiency codes. Although its
adoption in China is not as widespread as in some European countries, it is expected to grow
significantly with policy support and technological advancements. Liu et al. highlighted that in a
warming climate, passive design applied to cities in hot climates can significantly reduce cooling
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demand and improve indoor thermal comfort [4]. Therefore, the application of passive design in hot
climate zones holds great potential, particularly in southern regions of China such as Hong Kong.
Given Hong Kong's high-density urban environment and humid subtropical climate, passive design
offers opportunities to optimize natural ventilation, shading, and energy-efficient building practices,
thereby enhancing resident comfort and advancing sustainable development goals. This article
focuses on the principles and applications of passive design in urban buildings under hot climatic
conditions in China.

2. Passive Design Conception and Climate Regions

Passive design focuses on analyzing the local climate and microclimate. Thermal comfort is
improved by optimizing building orientation, ventilation systems, shading, and light entry under
different climatic conditions [5]. China's extensive continental region can be divided into five primary
climate zones: extremely cold, cold, temperate, hot summer and cold winter, as well as hot summer
and mild winter [3] (Figure 1). This paper focus on the humid subtropical climate zone with hot
summers and warm winters in Hong Kong as an example, which is mainly characterized by hot and
humid summers with average temperatures usually ranging from 25°C to 35°C and high humidity,
and warm winters with temperatures usually ranging from 10°C to 20°C. This climate zone is also
characterized by a strong influence of the monsoon, particularly the southeast monsoon in summer
and the northeast monsoon in winter, with precipitation concentrated in the summer months.
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Figure 1. Geographical distribution of climatic regions in China [3]
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3. Application of Passive Design in Hong Kong

3.1. Orientation

Proper building orientation can utilize sunlight to bring natural light indoors and regulate the
temperature needs of buildings in summer and winter. In a subtropical climate city like Hong Kong,
the orientation of buildings should provide effective shading in summer, reducing the heat gain from
incoming solar radiation and thereby decreasing the demand for air conditioning. Altan et al.
introduced that good building rooms should be oriented towards the equator to reduce incoming solar
radiation from the east and west [5]. Haase and Amato verified through data analysis that Hong Kong
buildings oriented at 192.5° (e.g., southwest) can maximize winter sunlight while avoiding excessive
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heat gain in summer [6] (Figure 2). Therefore, the orientation of buildings in Hong Kong should
primarily face south to maximize passive design benefits, which can avoid strong afternoon sun
exposure in summer, reduce indoor heating, and decrease reliance on cooling equipment (Figure 3).
Additionally, increasing thermal comfort through passive design requires combining building
orientation with shading measures. Altan et al. stated that roof or horizontal shading devices can
effectively provide shading for east and west-facing windows during high sun angles in summer.
While a southward orientation allows for adequate daylight in winter, it necessitates proper shading
in summer to prevent interior overheating [5]. Consideration should be given to increasing summer
shading through blinds, awnings, and planting vegetation. Finally, proper orientation enables
buildings to utilize natural winds for ventilation and cooling. Winds in Hong Kong are mainly
southerly in summer and easterly in winter. A southward orientation helps to increase natural
ventilation in summer and reduces cold wind entry in winter.
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Figure 2. Optimum orientation for Hong Kong [6]
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Figure 3. BEAM Plus orientation requirement [7]

3.2. Window-Wall Ratio and Glazing Type

In Hong Kong, the majority of public structures feature aluminum-framed windows fitted with
standard glass, resulting in significant solar heat entering indoors during the summer, which leads to
overheating of the indoor environment [4]. The choice of glazing material and the design of the
window-wall ratio are key factors in achieving effective passive design in buildings. High-
performance glazing materials, such as low-emissivity glass, can reduce heat transfer in summer
while allowing natural light into indoor spaces. Gong et al. selected Guangzhou and Haikou, which
share a subtropical humid climate with Hong Kong, as research objects. The data showed that double
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low-emissivity glass generally exhibited the best thermal insulation performance, while the thermal
load increased gradually with triple and double glazing, and the highest thermal load was observed
in single glazing, indicating the poorest thermal insulation [3]. Although the type of glass has the least
impact on thermal load in subtropical humid climate areas, it still helps reduce indoor temperature
rise, creating a comfortable living environment and reducing cooling energy consumption. In addition
to glazing materials, the window-wall ratio plays a crucial role in optimizing daylighting and
ventilation. According to Gong et al., the window-wall ratio has the most significant impact on
thermal load variation in subtropical humid climate areas. When the window-wall ratio is 0.15, the
thermal load is less than 20 kWh/m?per year, while with a window area covering 60% of the exterior
walls, the thermal load rises to 60 kWh/m?per year [3]. However, as high-rise buildings become more
prevalent, a higher window-wall ratio is increasingly popular for maximizing daylight. Xie et al.
suggest that an optimal window-wall ratio in Hong Kong is around 0.4. When increasing the window-
wall ratio to gain sufficient daylight, radiative cooling glass can be considered to reflect solar radiation
while allowing visible light to enter, thus blocking summer heat gain [8]. Therefore, by considering
local climatic conditions and balancing the glass areas on different facades, the overall energy
performance of buildings can be enhanced. Selecting different types of glazing materials and
optimizing the window opening size can achieve environmentally sustainable and energy-efficient
buildings.

3.3. Shading Strategy

As a subtropical climate characterized by hot and humid summers, Hong Kong needs to enhance
the role of passive design through effective shading strategies. Data from experiments conducted in
Singapore, which has a similarly hot and humid climate, indicate that the installation of horizontal
shading devices can save between 2.6% and 10.1% in energy consumption [9]. Altan et al. indicate
that shading devices can reduce energy consumption by minimizing direct sunlight and improving
visual comfort for occupants [5]. The high density of housing in Hong Kong and the high-rise
buildings increase the proportion of window area for natural daylight and well-designed solar shading
installations such as overhangs, canopies and vertical fins can significantly reduce the reliance on
mechanically cooled systems. The Hong Kong Transport Department Vehicle Examination Complex
achieves optimal shading performance in both winter and summer by installing vertical fins on the
building surface [10]. In addition, Altan et al. explain that different shading designs can be utilized
for windows with different orientations; horizontal shading devices can be used for windows in the
north-south orientation, while vertical ones are required for the east-west orientation [5]. Using
horizontal shading devices in the north-south direction is to effectively block the incoming sunlight
from above to reduce heat entry in the summer while still allowing low angle sunlight to enter in the
winter to keep the room warm. As the sun ascends in the east and descends in the west, windows
facing east and west experience varying levels of solar heat gain during the morning and afternoon.
Employing vertical shading structures can efficiently obstruct lateral sunlight, significantly reducing
direct solar radiation during these times and preventing excessive interior heating. (Figure 4). Altan
et al. emphasize the need for a combination of both shading strategies for southwest and southeast
facing windows to reduce glare [5]. Overall, pair shading in passive design plays a crucial role in
optimizing energy performance and ensuring thermal comfort for occupants.
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Figure 4. Different shading strategies [5]
3.4. Ventilation

Airflow accelerates heat transfer and sweat evaporation, and at an indoor wind speed of 1 meter
per second and a relative humidity of 50%, individuals can remain comfortable even at 29°C, and the
adaptable temperature rises as indoor wind speed increases [11]. Therefore, natural ventilation is an
important part of passive design, and by strategically positioning windows and vents to increase
natural airflow from prevailing winds, it is possible to reduce reliance on ventilation and cooling
systems and improve indoor air quality. Considering increased convective airflow is more effective
than relying on natural ventilation from unilateral ventilation, but the detrimental effects of cross
ventilation on natural ventilation should be avoided [12]. Lau emphasized that adherence to the
BEAM Plus cross-ventilation requirement, such as maintaining specific angles and distances between
windows, can ensure effective natural ventilation [7] (Figure 5). In addition, Deng et al. note that
architectural elements like courtyards, corner windows, and balconies play a crucial role in enhancing
natural ventilation [12]. Finally, by aligning openings with the predominant wind direction (e.g.,
southeast trade winds in the summer), buildings can facilitate the flow of fresh air through the living
environment. Based on Deng et al., facade orientation towards prevailing winds and changes in
window orientation enhance indoor air exchange rates, and ventilated interiors should be oriented
towards the windward direction as much as possible to maximize natural ventilation [12]. Hong Kong
should create sustainable, energy-efficient and health-promoting living environments by
incorporating natural ventilation into the design process.
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Figure 5. BEAM Plus cross-ventilation requirement [7]

3.5. Building Materials

The color of building materials, their assembly methods, and insulation properties all significantly
influence the absorption and release of heat in buildings [5]. In Hong Kong, where buildings are
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predominantly high-rise structures, the surface area of walls far exceeds that of roofs. As a result, the
thermal mass and performance of the facade play a critical role in enhancing the building's energy
efficiency [4]. Altan et al. emphasize that the color of the building's exterior finish affects its ability
to absorb or reflect light and heat, with lighter-colored facades reflecting more sunlight and reducing
heat absorption [5]. Liu et al. further highlight that using white facades in Hong Kong can
significantly enhance the effectiveness of passive design strategies [9].

Additionally, Hong Kong's hot and humid summers necessitate innovative approaches to regulate
indoor temperatures. One effective method is the use of high thermal mass materials, which absorb
excess heat and solar radiation during the day and release stored heat during cooler nights. Thermal
mass refers to the ability of building materials, such as concrete, brick, or stone, to absorb, store, and
release heat. This thermal hysteresis effect helps reduce reliance on mechanical cooling systems,
thereby lowering energy costs and improving occupant comfort. Furthermore, well-insulated
materials can minimize heat exchange between the building's exterior and interior, contributing to
energy efficiency [5]. Chen et al. demonstrated that increasing the thickness of wall insulation can
reduce annual heat load by approximately 70% [13]. In Hong Kong, the use of well-insulated and
thicker external wall materials can effectively reduce heat infiltration during summer and maintain
stable indoor temperatures during winter.

In conclusion, combining thermal mass with effective ventilation and shading strategies can create
a balanced indoor environment and significantly improve energy efficiency. These integrated
approaches are particularly valuable in high-density urban settings like Hong Kong, where optimizing
building performance is essential for sustainability and occupant comfort.

4. Limitations of Passive Design

While passive design offers significant advantages in enhancing building energy efficiency and
occupant comfort, it is not without limitations. One major challenge is Hong Kong's complex
topography and high building density, which often hinder the optimal implementation of natural
ventilation and daylighting strategies, thereby limiting the effectiveness of passive design.
Furthermore, the hot and humid summer climate in Hong Kong may not fully meet occupants' comfort
needs through passive measures alone, as natural ventilation and reduced heat transfer may be
insufficient to maintain comfortable indoor temperatures. As a result, mechanical cooling systems are
often still required to ensure thermal comfort. Another consideration is the higher initial costs
associated with passive design, particularly due to the selection of high-performance insulation,
windows, and other components, which increase input costs during the material selection and design
stages.

Although this paper highlights the significant potential of passive design in Hong Kong's climate,
it is important to note that each building project requires a detailed analysis of its microclimate to
achieve precise design and effective planning. This level of analysis can increase the complexity of
the design process. Lau points out that while passive house design and research are well-established
in many countries, Hong Kong is still in the early stages of adoption. There is a pressing need to
develop more comprehensive guidelines, laws, and standards to promote passive design in both
residential and commercial developments [7].

To address these challenges, the Hong Kong government should continue to support the
development of green buildings and projects compliant with BEAM Plus, which provides systematic
guidance on passive design and promotes sustainable building practices. Additionally, future passive
design criteria should incorporate more robust climate predictions and simulations to better adapt to
the impacts of climate change and achieve long-term sustainability. By addressing these limitations
and leveraging policy support, Hong Kong can advance its adoption of passive design and move
closer to achieving its sustainability goals.
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5. Conclusion

This study discusses the great potential of passive design approaches to reduce energy
consumption and improve thermal comfort in subtropical climate of Hong Kong. By carefully
selecting building orientation to maximize natural lighting and employing high-performance glazing,
optimized window-to-wall ratios, and strategic shading, it is possible to mitigate indoor overheating
caused by intense summer sunlight. Additionally, thoughtful placement of windows can improve
natural ventilation, enhancing convective airflow and indoor air circulation, thereby increasing
occupant comfort. The choice of building and facade materials with high insulation capacity further
minimizes heat transfer and reduces solar heat absorption during summer months.

While challenges remain, such as high initial investment costs and complex urban environments,
integrating passive design principles provides an important avenue for sustainable building practices
in Hong Kong. Future research should explore microclimate changes within the city and predict the
overall impact of future climate on buildings to further refine passive design applications. Continued
support from the government through policies and regulations, such as the BEAM Plus rating system,
is essential to accelerate the adoption and effectiveness of Passive Design in Hong Kong's built
environment.
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