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A passive solar building cannot only save cost and reduce energy consumption,
but also benefit the harmonious development of society. This paper introduces an
optimal design strategy by taking into account its external environment, the
building layout, the shape coefficient, the building envelope, and the building
structure. An example is given to reveal various concepts and their applications.
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Introduction

Due to rapid urbanization, half of the world's population now lives in cities. This has
led to the global energy crisis. Global energy consumption is predicted to have increased by
53% in the next 10 years [1]. Energy demands in developing countries will be especially se-
vere due to the rapid growth of construction industry [2]. At present, renewable energy only
accounts for 9% of the global energy consumption [3]. Of these sources, the solar energy is
the most abundant source of the renewable energy available today. Many researchers have
been focusing on the use of solar energy in the buildings to improve their thermal perfor-
mance and to reduce the energy consumption from fossil fuels. According to the Solar House
Action Plan [4, 5], many passive solar buildings have been designed and constructed in vari-
ous places. After a long-term theoretical research and much practical experience, much pro-
gress has been made in the solar energy building, and a passively based, actively supplement-
ed model was gradually formed.

Design principle of passive solar building

The design of the solar energy building can generally be divided into active and pas-
sive types. The active building mainly harvests the solar energy mechanically, and the collect-
ed solar energy is then converted into cooling or heating capacity for use in the building
through specific equipment. The provided energy of the passive solar building does not use
any mechanical equipment. It collects and stores the solar energy through a reasonable layout
of surrounding environment, building site selection, ingenious treatment of building space,
proper selection of building envelope and building structure, etc., and carries out natural heat
conversion by conduction, convection and radiation, so as to achieve comfortable thermal en-
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vironment. Compared with the active solar building, the passive solar building is energy-
saving, environment-friendly and low investment cost. In the early stage, the architecture
needs to be designed professionally. However, in the later stage, the income is considerable,
which greatly reduces the use of mechanical equipment and maintenance management costs.

The optimal design strategy of the passive solar building

External environment

The solar radiation is an important factor that cannot be ignored in the building envi-
ronment. The passive solar building is closely related to its external environment. It should be
selected in the area with abundant solar resources after fully considered the local natural envi-
ronment and climate condition.

— Different landforms have different effects on the passive solar building. In order to obtain
more solar radiation, the building should be placed on a sunny flat or a sloping area in-
stead of a concave area. In a hot area, the building should be close to a lake or a river,
where the summer breeze skims over the water into the building makes people feel re-
freshed and comfortable.

—  Considering local climatic conditions is the basic method of the ecological architecture. On-
ly active adapting to the local climate characteristics, the building will be humanized, better
integrated into nature, and better energy conservation. In the optimal design of the solar
building, the climate conditions such as sunshine, solar altitude angle, humidity, degree of
hotness or coldness and dominant wind direction should be considered. Sometimes, the im-
pact of microclimate should also be considered. For example, planting deciduous trees in
the south of the building can reduce the solar radiation in summer, and it does not hinder
the building from receiving the solar radiation in winter duo to the falling leaves.

— The layout of surrounding buildings is an essential factor that can't be ignored during the
optimal design of the passive solar building. In order to make efficient use of the solar
energy, there should be an appropriate space between buildings. An excessive space will
cause a waste of land resources. Narrow space between buildings will lead to blocking
out each other. In general, the building interval is generally 1.1 times higher than the
height of the adjacent building in the south direction. At the same time, the layout design,
retreat and enclosure can be considered to obtain more solar radiation.

Building layout

The plane and space layout of buildings can also efficiently utilize solar energy
throught ingenious treatment. The plane should be simple, and the depth should be short,
which is conducive to the natural lighting and ventilation inside the building. In order to make
rational use of the solar energy, the heating rooms that are used frequently should be arranged
in the south, and the non-heating rooms should be arranged in the north. Space design can be
combined with the design of the door and window design to achieve better lighting and venti-
lation.

Shape coefficient of building

The shape coefficient of a building refers to the proportion of the surface area above
the ground that is contacted by the outdoor air and the building volume. When the building
volume is constant, the larger the building surface area is, the more the solar radiation of the
building absorbs. However, the large heat loss increased. For example, an earth-covered
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building in a cold region reduces the heat dissipation area, while a stilt building in a hot re-
gion increases the heat dissipation area. Therefore, a balance point should be found in the de-
sign to optimally control the shape coefficient in an appropriate range.

Building envelope

Good thermal performance is an important factor for the building envelope. The wall
should be made of materials with good heat preservation performance. In addition, it can also
consider a green plant. In summer, when the sun's elevation angle is high, the heat preserva-
tion and insulation of the roof are particularly important because the roof receives a lot of so-
lar radiation. The integrated design of the building roof and the photovoltaic device not only
collects energy, but also makes sunshade. In addition, planting roof, double ventilation roof
and other forms can also be adopted. In winter, it is extremely necessary to pay attention to
the heat preservation of doors and windows and other components because the heat dissipa-
tion is large [6].

Building structure

At the beginning, it should consider the technology of building structure and skill-
fully apply it to the architectural design, which cannot only make the rational use of the solar
energy, but also can enrich the facade of the building, giving the architectural characteristics
of the times and unique aesthetic feeling.

—  Direct solar type: the room absorb the sunlight through the south-facing window and trans-
parent roof, so that the building is heated. The larger the area of the south-facing window is,
the more solar energy will be radiated. At the same time, the north-facing window should
be opened as little as possible. In order to increase the area of the south-facing window, the
area ratio of window to wall can reach 0.4 and the sunshine depth is generally 2.5 times of
the window height after taking thermal insulation measure. Therefore, the depth of the
room can be controlled and the height of the window can be set reasonably. The lighting
and heating effect of a transparent roof is better than that of vertical windows. But in sum-
mer, the indoor temperature is easy to be high due to the strong sunlight. Therefore, the
building can choose sunshade glass and insulating glass, or change the height of the build-
ing roof and strengthen ventilation to decrease the indoor temperature. In addition, as for
the roof form, the sloping roof is easier to receive sunlight radiation than the flat roof.
Therefore, the design of the appropriate roof form can be considered.

— Sunspace-attaching type: It can be roughly divided into three types. Firstly, the south of
the building is enclosed by transparent glass to form a large space. Secondly, the roof of
the atrium is made of transparent glass. Thirdly, the space is enclosed by the south balco-
ny and window. A winter garden has a buffering effect and can regulate the indoor cli-
mate. It can reduce the heat loss in the building in winter and delay the heat conduction to
the room in summer. The winter garden can follow the principle of the hot pressure venti-
lation and reasonably set the position of air inlet and outlet, which can enhance the effect
of indoor ventilation, fig. 1.

— Thermal storage wall: the thermal storage wall can collect and store the solar energy. A
solid thermal storage wall is painted with black paint on the surface, and glass is installed
outside the wall. The outer wall stores heat, while the surface of the interior wall radiates
heat to the room. However, it is difficult to control the indoor temperature, fig. 2. In con-
vection loop type, a tuyere is set on the external wall or window. In winter or when the
room temperature is low, the tuyere on the thermal storage wall is opened to circularly
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heat the indoo

r cold air by using the solar radiation. In summer or when the room temper-

ature is high, the chimney effect is used to open the summer ventilation port on the glass
to extract the hot air, fig. 3. The convection loop type is better to control the indoor tem-

perature.
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Figure 2. Solid type Figure 3. Convection loop type in winter and summer
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Figure 4. Rooftop pool type — Combined type: The type is the combination of the

above construction technologies, which makes the pas-

sive solar building more energy-saving and cost-effective.
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Optimal design and application analysis
of passive solar building

Taking the atrium as an example, it combines several design strategies to explore its
application in passive solar building design. The atrium with a transparent glass roof known
as a buffer space uses solar radiation to improve the building environment. Natural ventilation
is the result of heat pressure and wind pressure. The sunlight through the transparent glass
roof makes the atrium get heat energy. At this time, the heat pressure generated in the atrium
promotes natural ventilation. If the wind pressure is reasonably designed and optimally uti-
lized, the natural ventilation will be greatly enhanced, and the energy conversation effect will
be better [7].

In summer, the sunshade can effectively block the direct sunlight, and has the func-
tion of a thermal buffer, making the atrium as a comfortable cool shelter. In spring and au-
tumn, the air vent at the top of the atrium can promote indoor natural ventilation. In winter, its
closed buffer space has the function of heat preservation and energy conversation [8], fig. 5.
According to the previous analyses, an optimization problem can be easily established consid-
ering various factors.
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Figure 5. Combined application of multiple passive solar design strategies

Discussion and conclusion

Recently the mechanism of Fangzhu for the passive atmospheric water harvest-
ing was revealed [9], and the incorporation of Fangzhu’s passive water collection from air
into the passive solar building makes the future building industry much promising.

The passive solar building accords with the development needs of the new age,
which is of great realistic significance to reduce costs, save energy, and protect the environ-
ment. It should be promoted and applied vigorously. Architects should realize their responsi-
bility and consider the technology from the source of the optimal design to promote the de-
velopment of the passive solar building.
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