
 

  

      
 

 
     

    
 

   
 

 
 

 

 

  
    

 
  

   
 

  
 

  

   
 

  

    
   

 
   

   
     

     
  

 
   

  

Technical Notes 43 - Passive Solar Heating with Brick Masonry - Part 1 Introduction 
June 1981 

Abstract: Brick masonry passive solar energy systems can be used to significantly reduce the use of fossil fuels 
for heating and cooling buildings. The basic concepts and necessary considerations for the design of passive 
solar heating systems are discussed. The basic concepts involve the incorporation of the passive solar heating 
system into the architectural design of the intended use and operation of the building. Consideration of 
environmental factors is also discussed. 

Key Words: attached sunspaces, bricks, buildings, cavity wall systems, climatology, conservation, direct gain 
systems, energy, masonry, passive solar heating systems, solar radiation, system operation, thermal storage 
walls. 

INTRODUCTION 

Energy conservation and fuel consumption have become a major concern in recent years. Much of the nation's 
fuel is used in the heating of buildings. The use of solar heating systems will help to reduce this consumption of 
non-renewable energy resources. Solar energy is an immediately available renewable energy source. Most 
buildings can easily be designed to benefit from solar heating. 

Two types of solar energy systems may be used to heat buildings, active and passive. Active solar heating 
systems are those which require mechanical equipment for operation. Pumps and other mechanical devices are 
required to circulate liquids or gases through solar collectors, to storage media, and then to transfer the collected 
heat to the occupied spaces of the building. 

Passive solar heating systems do not require the use of mechanical equipment. The heat flow in passive solar 
heating systems is by natural means: radiation, convection, and conductance. The thermal storage is in the 
structure itself. Although passive solar heating systems do not require mechanical equipment for operation, this 
does not mean that fans or blowers may not, or should not, be used to assist the natural flow of thermal energy. 
The passive systems assisted by mechanical devices are referred to as ''hybrid" heating systems. 

Passive solar systems utilize basic concepts incorporated into the architectural design of the building. They 
usually consist of: buildings with rectangular floor plans, elongated on an East-West axis; a glazed South-facing 
wall; a thermal storage media exposed to the solar radiation which penetrates the South-facing glazing; 
overhangs or other shading devices which sufficiently shade the South-facing glazing from the summer sun; and 
windows on the East and West walls, and preferably none on the North walls. Passive solar systems do not have 
a high initial cost or long-term payback period, both of which are common with many active solar heating systems. 

This Technical Notes introduces the general features and requirements for the development and application of 
passive solar heating systems. Passive solar cooling systems are discussed in Technical Notes 43C. Due to the 
variations in building type and environment which must be considered, it is not normally feasible for passive solar 
systems to be the sole source of heat in most climatological areas. Construction details are provided in Technical 
Notes 43G. 



 
   

 

 
   

 

  

   
   

 

   
 

  
  

   

 
   

    

 

   
      

  
 

 

  
     

       

Passive Solar Building with Thermal Storage Wall Under Construction 

FIG. 1 

Combined Thermal Storage Wall System and Attached Sunspace 

FIG. 2 

ENVIRONMENTAL DATA AND REQUIREMENTS 

Many environmental factors must be considered to fully utilize the concepts of passive solar heating systems. 
Environmental data is given in Tables 1 and 2 of this Technical Notes. 

Temperature 

Exterior design temperatures are important considerations in developing passive solar heating systems. The size 
of the system will depend upon daily, monthly and annual temperature fluctuations. In mild, sunny climates, the 
required glazing and thermal storage areas may be relatively small. In temperate, cloudy climates, the required 
glazing area may be small, but the thermal storage requirements may be greater. In colder climates, the amount 
of glazing and thermal storage is usually large. 

The average monthly heating degree days are related to exterior temperature conditions. These values are 
necessary to determine the total monthly thermal load of the building. Average monthly heating degree days and 
exterior temperatures are given in Table 2 at the end of this Technical Notes. 

Latitude 

Latitude is important to determine the amount of solar radiation and the appropriate summertime shading 
provided by overhangs and other devices. The further North the building is to be located, the less winter solar 
radiation it will receive. This is because the sun is above the horizon for a shorter period of time and the solar 
radiation must penetrate more of the atmosphere. Values of solar radiation at various latitudes are given in Table 
1. 

At higher latitudes, the sun appears lower in the sky. At these latitudes, where the position (altitude) of the sun in 
the sky is low, larger overhangs are required to shade the South-facing wall from the summer sunlight. Figure 3 
shows how the altitude of the sun changes from winter to summer, demonstrating how the South-facing wall may 



    
    

 
    

   

             
 

     

 

  
  

     
 

 

    
   

     
   

    
     

 

 

       
  

  
   

  

be shaded from summer solar radiation and still be exposed to winter solar radiation by using an overhang. The 
length of projection required to shade a South-facing wall from the summer sun is given in Table 3. 

Sun Altitude-Winter and Summer 

aReprinted with permission from the 1972 ASHRAE Handbook of Fundamentals Volume. ASHRAE HANDBOOK & Product 
Directory. 

bProjection greater than 20 ft required. 

Solar Radiation Data 

Solar radiation data is required to determine the amount of radiation transmitted through the South-facing glazing. 
Actual average solar radiation data for various geographical locations is given in Table 2. The amount of solar 
radiation is dependent on climate, elevation and latitude. Clear day solar radiation for various latitudes is given in 
Table 1. 

Orientation 

Orientation is extremely important in the design of passive solar buildings. The best performance will usually 
result when the passive solar system faces true South. True South may be obtained from isogonic (magnetic 
variation) charts developed by the United States Department of Commerce, Coast and Geodetic Survey, or by 
consulting a local land surveyor. 

When the passive solar system faces true South, the system will be exposed to the maximum amount of winter 
solar radiation. Deviations of more than 30

o 
East or West of true South are not recommended, especially where 

maximum performance is desired. 

Site Topography 

The topography of the site is of major concern. If the South-facing wall of the building is shaded by natural or 
man-made elements, it will probably not be feasible to consider passive solar systems. An ideal siting for a 
passive solar building is to be bermed into a South-facing slope. This provides a South wall exposed to the sun, 
and a North wall protected from environmental changes by the earth berm. Berming the North wall of the building 
should be done cautiously to avoid problems caused by ground water and earth pressure. 

BUILDING TYPE AND USE 



   
 

     

 

  
     

   
  

   
 

 
  

 
    

  

 

  
     

   
 

 
   

 

 

 
  

   
   

  

 

  
 

  

     
      

    
      

    

   

   
     

   
    

 
     

 

In addition to environmental considerations building type and use are very important in developing and applying 
passive solar heating systems. Building type and use are flexible requirements which allow the designer to make 
appropriate adaptations to the structure to provide the desired energy performance. 

Thermal Load Requirements 

Thermal load requirements are important in the selection and sizing of passive solar heating systems. The effects 
of building type and use on the thermal load are determined by the interior design temperature and the allowable 
temperature fluctuation. A warehouse may not require the same interior design temperature as a residential 
structure. Many commercial buildings are only occupied during daylight hours and do not have to maintain the 
higher interior working hour temperatures overnight. In many applications, the passive solar heating systems may 
provide similar performance as conventional heating systems with night-time setbacks. 

Another aspect which affects the requirements of the building's use is human comfort. Passive solar systems 
provide conditions which contribute to human comfort. The brick storage areas of the system are warm. When 
surrounded by warm surfaces, the human body receives radiation from the warm surfaces. This permits the 
occupants to feel comfortable at lower interior air temperatures because heat is radiated to the body rather than 
from the body. 

Glazing and Lighting Quality 

The amount of natural lighting required will affect the selection of the type of passive solar heating system. 
Fabrics and even the glazing material itself may suffer from ultraviolet degradation when exposed to direct 
sunlight. In applications such as studios, admitting large quantities of diffuse solar radiation provides appropriate 
lighting. 

The amount of glazing for most conventional structures is typically determined by the need or desire to provide 
contact with the exterior or to meet building code egress requirements. This is not usually a primary design 
consideration for the passive solar heating system 

Material Properties 

Massive brick masonry is recommended for thermal storage because of its inherent ability to store heat. Typically, 
brick exposed to direct sunlight should be of a dark color wherever it is to perform as a thermal storage media. 
The American Society of Heating, Refrigerating and air-conditioning Engineers (ASHRAE) defines dark colors as 
dark blue, red, brown and green. The properties of brick as related to passive solar applications are discussed in 
Technical Notes 43D. 

System Operation 

Passive solar heating systems may be shaded from the summer sun by fixed, adjustable or removable shading 
devices. Adjustable or removable overhangs or shading devices require operation, but permit the optimum use of 
the winter sun and can completely eliminate any solar exposure on the South-facing glass in the summer. 

The performance of passive solar systems may be greatly enhanced by the use of night insulation. The insulation 
may be applied on the interior in the form of drapes or panels. Insulation may also serve as reflector panels or 
shading devices. Reflector-insulating panels may be hinged at the base of the South-facing glazing so that, when 
opened during the day, they reflect additional solar radiation through the glazing and when closed, provide night 
insulation. Night insulation may be operated manually or automatically. 

Building Design and Appearance 

There is no reason for passive solar heating systems to have an extremely unconventional design or appearance. 
The only required variations are: additional South-facing wall glazing, reduced glazing on the East and West 
walls, and preferably no glazing on the North wall; sufficient overhang or some other shading device to prevent 
the South-facing glazing from being exposed to the summer sun; and interior brick masonry. The interior brick 
masonry exposed to direct sunlight is used as the thermal storage component of the passive solar energy system. 
Additional interior brick masonry unexposed to direct sunlight is used to provide a thermal flywheel which reduces 
interior temperature fluctuations. 



 

  
    

 
  

  
  

 

    
    

  
   

  

   
 

   
  

   
     

      
 

  
    

     
 

   

 
  

 

  
    

 
    

Spatial Requirements 

The spatial requirements may dictate the type of system used. The depth of penetration of solar radiation into the 
structure may affect the system type selected. Buildings should be arranged with a longitudinal East-West 
orientation to maximize the solar exposure of the South-facing glazing. This minimizes the distance from the 
South wall to the North wall, across which the thermal energy from the passive solar energy system has to be 
distributed. Building energy performance may be increased by heating the North wall with solar radiation entering 
through the South-facing glazing. 

DIRECT GAIN SYSTEMS 

The direct gain system is simple and often used. The system consists of South-facing glazing which allows winter 
sunlight to enter the habitable spaces of the building. This thermal energy is stored in brick floors and walls. A 
schematic of a direct gain system is shown in Fig. 4. The South-facing glazing may be windows (operable or 
fixed), or glass doors. The brick masonry exposed to the solar radiation should generally be a dark color and 4 to 
8 in. thick. All walls or other components not exposed to solar radiation should have light-colored surfaces. 

In the direct gain system, the South-facing glazing permits sunlight to strike the brick masonry construction. The 
brick masonry, because of its color, mass and thermal properties, provides the thermal storage for the system. 
The brick masonry absorbs the thermal energy from the sunlight striking its surface. The heat, which is stored 
during the daylight hours, is released gradually. The heat that is reflected from the brick masonry provides heat to 
the habitable space during the daylight hours. The light-colored surfaces reflect the heat radiated or reflected from 
the brick masonry to the air and surroundings in the habitable space. If large amounts of heat are required during 
the daytime hours and less during night-time hours, this may be accomplished by using lighter colors of brick 
masonry. 

Direct gain systems provide rapid temperature increases in the habitable space and may have large temperature 
fluctuations. This is because such systems often must be designed to prevent overheating. The systems may 
have limited amounts of brick masonry exposed to the winter sunlight. This is especially true in the lower latitudes 
where the winter sun has a higher altitude. This may be overcome by providing clerestories to obtain solar 
radiation on the North wall, as shown in Fig. 4. 

Increased Building Depth Using Direct Gain System with Clerestory 

FIG. 4 

Ultraviolet degradation is of the greatest concern when direct gain systems are utilized. Materials subject to 
ultraviolet degradation should not be exposed to direct sunlight. This may become an inconvenience in the living 
areas heated by direct gain. The walls and floors exposed to the sunlight and used for thermal storage should not 
be covered. Wall hangings and carpet greatly decrease the performance of the system. 



 

   
    

    
      

  

 
  

 

  
   

  
   

 

    
    

    
  

    
  

  

      
 

 

 

  
 

 
    

 

   
   

   
   

     

THERMAL STORAGE WALL SYSTEMS 

The thermal storage wall system, often referred to as a Trombe Wall System, is schematically represented in Fig. 
5. The thermal storage wall may be vented, as shown in Fig. 5, and provide heat by radiation and convection, or it 
may be unvented and supply heat by radiation alone. A thermal storage wall system is shown on the left of Fig. 2. 
It consists of glazing, usually spaced 2 to 4 in. on the exterior of a South-facing wall, constructed of brick 
masonry. The massive brick wall, usually 10 to 18 in. thick, may be loadbearing, or non-loadbearing. 

Vented Thermal Storage Wall System 

FIG. 5 

The winter sunlight penetrating the South glazing heats the brick, the heat slowly penetrates the brick wall and 
warms the interior. Thermal storage walls may have sufficient heat storage to maintain comfortable temperatures 
in buildings for periods up to three completely overcast days. The thermal storage wall systems have considerably 
less temperature fluctuation than do direct gain systems, but usually do not achieve the same high initial interior 
temperatures. 

The massive brick thermal storage wall prevents ultraviolet degradation of materials contained in the living space 
because solar radiation does not directly enter the habitable space. The performance may be substantially 
increased by providing vents at the top and bottom of the brick wall to provide convection in addition to the heat 
radiated from the interior face of the wall. Vented walls may be used to decrease the temperature fluctuations and 
increase the maximum temperature achieved in the living space. Fig. 1 shows a vented thermal storage wall 
under construction. When venting the storage wall system, vents with automatic or manual closures should be 
used so that the system does not reverse at night, creating a heat loss. 

If controlled vents are not installed on the vented thermal storage wall systems, night insulation is essential to 
prevent heat losses at night. Night insulation may be required on unvented thermal storage walls and those with 
controlled vents to increase the efficiency of the system. 

COMBINED SYSTEMS 

The best thermal performance and living conditions result by combining the thermal storage wall system and the 
direct gain system. This combination permits some direct sunlight into the living spaces, achieves higher interior 
temperatures than the thermal wall system alone, provides less temperature fluctuation than the direct gain 
system alone and provides natural lighting. The combination essentially utilizes the best of the two systems. 

ATTACHED SUNSPACES 

Attached sunspaces are a combination of the components of the direct gain system and the thermal storage wall 
system, as shown in Fig. 2 on the right, and in Fig. 6. The sunspace is a room, or space, which typically has both 
a glass roof and a glass South-facing wall. The East and West walls may also be glass. The floor is similar to that 
of the direct gain system. It consists of 4 to 8-in. thick brick masonry. The North wall is a 10 to 18-in. thick brick 
thermal storage wall. The room is vented or ducted to other areas of the structure. With the assistance of fans and 



   
 

       
 

 
  

 

blowers, the structure is heated by the extreme temperatures achieved in the sunspace. The sunspace usually 
has severe temperature fluctuations and is often unbearably hot during daylight hours. They do require removable 
shading devices to prevent solar gains in the summer. They will also require night insulation if they are to become 
useable living space in the evening hours. 

Attached Sunspace 

FIG. 6 



 

 

  
  

     
  

CAVITY WALL SYSTEM 

The cavity wall system, shown in Fig. 7, is a modification of the double envelope system. The concept of the 
cavity wall system is that the South-facing thermal storage wall heats up and creates a convective loop around 
the entire building envelope. The warmed air space minimizes the temperature differential from the interior of the 
building through the inner wythe of the cavity wall. There are no generally accepted design procedures for this 
type of system presently available. Some experts in the passive solar design field feel that the increased thermal 



   
  

 

 
  

 

     
  

 
 

    
  

 

 
   

 

 

    
 

 
    

    
   

        
   

   
 

  
 

performance may be accounted for by the insulation in the interior and exterior shells of the double envelope 
system. Others feel that there is no convective loop occurring, i.e., the air between the double envelope shells is 
stagnant. 

Cavity Wall System 

FIG.7 

The use of a properly constructed, insulated brick cavity wall on the North side of the building could be used to 
provide a moderate heat loss to drive the convective loop through the air space in the building envelope. This 
would reduce the temperature of the air being circulated through the cavity, but the air should still reach high 
enough temperatures as it passes through the air space of the thermal storage wall system to provide a net heat 
gain. 

Since there is still considerable controversy regarding this type of system, and since accurate performance 
analysis is not easily accomplished, these systems should only be designed and constructed with the appropriate 
awareness of the expected and achievable performance level of the system. 

METRIC CONVERSION 

Because of the possible confusion inherent in showing dual unit systems in the calculations, the metric (SI) units 
are not given in this Technical Notes. Table 13 in Technical Notes 4 provides metric (SI) conversion factors for the 
more commonly used units. 

SUMMARY 

This Technical Notes has provided general information concerning passive solar heating systems. It has 
described several passive solar heating systems, the basic principles of their operation and general design 
consideration. This introduction to passive solar heating systems hopefully provides sufficient familiarization with 
concepts so that the design of such systems will be understood. Passive solar cooling is discussed in Technical 
Notes 43C. The material properties of brick masonry, as related to passive solar energy systems, is provided in 
Technical Notes 43D.. Details and construction information are provided in Technical Notes 43G. 

This Technical Notes does not and is not intended to provide information for specific designs and applications, but 
rather offers general information to assist in the consideration and use of brick masonry in passive solar heating 
systems. The decision to use these concepts in the design specific applications is not within the purview of the 
Brick Institute of America, and must rest with the owner or designer of any specific project. 

Environmental Data for Passive Solar Systems 
TABLE 2a,b 



 



 



 



 



 

             
                     

                     

aReprinted from the U.S. Department of Commerce, National Oceanic and Atmospheric Administration, Environmental Data and Information Service, 
National Climate Center, Asheville, North Carolina - "Input Data for Solar Systems," by V. V. Cinquemani. J. R. Owenby, Ir., and R. G. Baldwin. 

b Based on 1941 - 1970 Period. Zeros appearing for all values appearing in these columns signify that 1941 - 1970 period normals were not available. 



 

  

  

  

            
      

 

aReprinted with permission from the 1972 ASHRAE Handbook of Fundamentals Volume, ASHRAE HANDBOOK & Product Directory 
Projection greater then 20 ft required. 


