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Properly oriented windows. Typically, windows or other devices that collect 
solar energy should face within 30 degrees of true south and should not be shaded 
during the heating season by other buildings or trees from 9 a.m. to 3 p.m. each 
day. During the spring, fall, and cooling season, the windows should be shaded to 
avoid overheating.

Thermal mass. Thermal mass in a passive solar home -- commonly concrete, 
brick, stone, and tile -- absorbs heat from sunlight during the heating season and 
absorbs heat from warm air in the house during the cooling season. Other thermal 
mass materials such as water and phase change products are more efficient at stor-
ing heat, but masonry has the advantage of doing double duty as a structural and/
or finish material. In well-insulated homes in moderate climates, the thermal mass 
inherent in home furnishings and drywall may be sufficient, eliminating the need 
for additional thermal storage materials.

Distribution mechanisms. Solar heat is transferred from where it is collected 
and stored to different areas of the house by conduction, convection, and radi-
ation. In some homes, small fans and blowers help distribute heat. Conduction 
occurs when heat moves between two objects that are in direct contact with each 
other, such as when a sun-heated floor warms your bare feet. Convection is heat 
transfer through a fluid such as air or water, and passive solar homes often use 
convection to move air from warmer areas -- a sunspace, for example -- into the 
rest of the house. Radiation is what you feel when you stand next to a wood stove 
or a sunny window and feel its warmth on your skin. Darker colors absorb more 
heat than lighter colors, and are a better choice for thermal mass in passive solar 
homes.

Properly sized roof overhangs can provide shade to vertical south windows during 
summer months. Other control approaches include electronic sensing devices, 
such as a differential thermostat that signals a fan to turn on; operable vents and 
dampers that allow or restrict heat flow; low-emissivity blinds; operable insulating 
shutters; and awnings.

ELEMENTS TO CONSIDER
Insulation and air sealing
Window location, glazing type, and window s hading
Thermal mass location and type.
Auxiliary heating and cooling systems.

Window awnings can reduce solar heat gain in the summer by up to 65% on 
south-facing windows and 77% on west-facing windows. You can use an awning 
to shade one window or have an awning custom-made to shade the entire side of 
your house.

The collection of solar energy through properly-oriented, south-facing windows
The storage of this energy in “thermal mass,” comprised of building materials with 
high heat capacity such as concrete slabs, brick walls, or tile floors
The natural distribution of the stored solar energy back to the living space, when 
required, through the mechanisms of natural convection and radiation
Window specifications to allow higher solar heat gain coefficient in south glazing.

Increased user comfort is another benefit to passive solar heating. If properly de-
signed, passive solar buildings are bright and sunny and in tune with the nuances 
of climate and nature. As a result, there are fewer fluctuations in temperature, 
resulting in a higher degree of temperature stability and thermal comfort. By pro-
viding a delightful place to live and work, passive solar buildings can contribute to 
increased satisfaction and user productivity. In addition, passive solar design does 
not generate greenhouse gases and slows fossil fuel depletion.    

It is best to incorporate passive solar heating into a building during the initial de-
sign. The whole building approach evaluates it in the context of building envelope 
design (particularly for windows), daylighting, and heating and cooling systems. 
Passive solar heating strategies provide opportunities for daylighting and views to 
the outside through well-positioned windows.

Passive solar heating systems make use of the building components to collect, 
store, and distribute solar heat gains to reduce the demand for space heating. A 
passive solar system does not require the use of mechanical equipment because the 
heat flow is by natural means, such as radiation, convection, and conductance, and 
the thermal storage is in the structure itself.

Effective thermal mass materials, like concrete, or stone floor slabs, have high spe-
cific heat capacities, as well as high density. It is ideally placed within the building 
where it is exposed to winter sunlight but insulated from heat loss. The material 
is warmed passively by the sun and releases the thermal energy into the interior 
during the night.

Although passive solar heating systems do not require mechanical equipment for 
operation, fans or blowers may be used to assist the natural flow of thermal energy

Confirm that the area of thermal mass is six times the area of the accompanying 
glazing (when possible). For climates with foggy or rainy winters, somewhat less 
thermal mass is needed.
Place the mass effectively by ensuring that it is directly heated by the sun or is 
spread in thin layers throughout rooms in which there is a large quantity of solar 
collection.
Disregard the color of the mass surface. However, natural colors (e.g. colors in the 
0.5 to 0.7 absorption range) are quite effective.
Incorporate thermal storage in floors or walls that consist of concrete, masonry, 
or tile. To reflect light and enhance the space, walls should generally remain light 
colored.
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In a passive solar heating system, the aperture (collector) 
is a large glass (window) area through which sunlight 
enters the building. Typically, the aperture(s) should face 
within 30° of true south and should not be shaded by 
other buildings or trees from 9 a.m. to 3 p.m. each day 
during the heating season. 

The hard, darkened surface of the storage element is 
known as the absorber. This surface—which could con-
sist of a masonry wall, floor, or partition (phase change 
material), or a water container—sits in the direct path of 
sunlight. Sunlight then hits the surface and is absorbed 
as heat.

The thermal mass is made up of materials that retain 
or store the heat produced by sunlight. The difference 
between the absorber and thermal mass, although they 
often form the same wall or floor, is that the absorber is 
an exposed surface, whereas thermal mass is the materi-
al below or behind that surface.

Distribution is the method by which solar heat circulates 
from the collection and storage points to different areas 
of the building. A strictly passive design will use the 
three natural heat transfer m  odes exclusively—conduc-
tion, convection, and radiation. In some applications, 
however, fans, ducts, and blowers may help with the 
distribution of heat through the building.

Elements to help control under- and overheating of a 
passive solar heating system include roof overhangs, 
which can be used to shade the aperture area during 
summer months, electronic sensing devices, such as a 
differential thermostat that signals a fan to turn on, op-
erable vents and dampers that allow or restrict heat flow, 
low-emissivity blinds, and awnings. 


