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PASSIVE SOLAR HEATING SYSTEM 

In passive solar heating systems, solar energy is converted into thermal energy 

without a fan, pump, or any other mechanical devices. Passive movement is 

obtained by thermal radiation and free convection.  

 

There are three types of passive solar heating systems:  

 Direct Gain: is the simplest type of system. Sunlight enters the room 

through windows and strikes the thermal mass (walls and/or floors) which 

absorbs and stores the thermal heat. At night, the heat stored in the 

thermal mass convects and radiates into the room.  

 Indirect Gain: system has a thermal storage (ex. Trombe wall) between 

sunlight and the room. The wall stores and releases the thermal heat into 

the room over a period of several hours. As a result, energy delivered to 

the room is more controllable compared to direct gain systems.  

 Isolated Gain: the simplest type of isolated gain system is sunrooms. 

Heat is distributed into the house through ceiling and floor level fans, 

windows and vents.  

 

The basic components of passive system can be summarized as: 

 

1. Glazing surface: window, water roof, etc. 

2. An absorber surface 

3. Thermal storage mass: walls, floors, etc. 

DESIGN OF A PASSIVE HEATING SYSTEM 

In this section, the methods used for estimating or quantifying the thermal 

performance will be explained. This involves selection and sizing of the 



2 

 

components of the passive system, determination of thermal performance, and 

cost estimation. 

There are two levels of methods in use:  

 The First-Level Method or Rules of Thumb 

 The Second-Level Method (LCR Method) 

 

All these methods are derived from correlation of a massive amount of computer 

simulations of passive systems data. As a result, same parameters are used in 

all methods. These common parameters are outlined in the following.  

 

 DD (degree day): is a variable which is used to express climate effects on 

building energy usage. The degree day is based on a concept of no load 

(balance point) temperature and the average daily temperature. The no-

load temperature is considered as 65 °F. At that temperature, it is 

assumed that no heating or cooling would be required.  

 

The average daily temperature is calculated as the average of minimum 

and maximum temperatures for a given day. The number of degree days 

can be calculated by taking the difference between no-load temperature 

(65 °F) and the average daily temperature. 

 

If the average daily temperature is less than 65 °F, heating would be 

required. The calculated temperature difference is called heating degree 

day (HDD). 

If the average daily temperature is greater than 65 °F, cooling would be 

required. The temperature difference is called cooling degree day (CDD) 

 

Example: Assume that the average daily temperature is 30 °F. Calculate 

the number of degree days for that day. 

Solution:  
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Number of degree days = Balance point temperature - average daily 

temperature 

Number of degree days = 65°F - 30°F = 35 °F 

That day has 35 heating degree days. 

For a given location, the sum of all the heating degree days is called the total 

heating degree days (HDD), and the sum of the all the cooling days is the total of 

cooling degree days (CDD).  

 

Annual HDD and CDD data are available from National Climatic Data Center.  

 

Figure 1: F-HDD (National Climatic Data Center) 
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NOTE: The HDD values in the north are much larger than those in the south.  

 

Common parameters used in analysis of passive heating systems: 

 

Ap: The net south-facing solar glazing area projected onto a vertical plane, m2(ft2) 

NLC: net building load coefficient: net heating load of the building per heating 

degree day, kJ/C-HDD (Btu/F-HDD) 

Qnet : net heating load, kWh (Btu) 

Qsolar: heating load provided by solar energy, kWh (Btu) 

Qaux: heating load not provided by solar energy, kWh (Btu) 

LCR: Load collector ratio, kJ/m2 C-HDD (Btu/ft2 F-HDD)  

 

LCR = NLC / Ap 

 

SSF: Solar Saving fraction 

 

SSF = Qsolar/Qnet 

 

The net heating energy required is  

 

           Qnet = Qsolar + Qaux =NLC*HDD 

 

Then the solar saving fraction (SSF) becomes 

 
 
           SSF = (Qnet – Qaux)/ Qnet = 1-(Qaux / Qnet) 
 
 
The auxiliary heating energy required would be  
 
 
          Qaux = (1 - SSF)*NLC*HDD 
 
 
A. THE FIRST- LEVEL METHOD (THE RULES OF THUMB):  
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This method is developed to obtain the first estimates for the initial design 

parameters such as auxiliary heat required, size of the glazing surface, the 

thermal mass, and etc. The following rules of thumb (based on observations) will 

be used for the calculations. 

 

NLC (net building load coefficient): is the heat loss from the non-solar portions 

of the building per day per degree of temperature difference between indoors and 

outdoors. It is a measure of how successfully the non-solar elements of a 

building have been sealed to reduce heat loss by conduction through walls, roof, 

and floor of a house.  

 

There are several methods for estimating net building load coefficient (NLC) 

values. Anderson and Wells (1981) introduced an approach based on fuel 

consumption information from utility bills for the building. The details of the 

method can be found in “Passive Solar Energy: the Homeowners Guide to 

Natural Heating and Cooling” by Anderson and Wells (1981).  

 

In conventional buildings with energy conserving features, the net building load 

coefficient per m2 of floor area is typically in the range of 120 – 160 kJ/C-HDD m2 

(or 6-8 Btu/F-HDD ft2) (Goswami et al., 2000). They also suggested that if 

passive solar features are added, the heat loss from the building should reduce 

by 20 percent. For a well insulated home with passive solar heating, the target 

heat loss rate becomes, 

 

NLC    100 – 130 kJ/C-HDD m2 (4.8 – 6.4 Btu/F-HDD ft2) 
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SSF (Solar Saving Fraction): The expected SSF values for various regions of 

the United States can be found from the following figure. The map represents the 

SSF values if the climate dependent, cost based optimum passive solar features 

are used. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Expected values of solar saving fraction SSF in percent. (Passive Solar 

Design Handbook, Vol.2, 1980). 

 

LCR (load collector ratio): is the ratio of the net load coefficient to the projected 

area of the solar aperture (ex: windows). It is a measure of how much of the net 

building load coefficient must be handled by each square foot of solar glazing. 

Goswami et al. (2000) suggest that the target LCR values are dependent on 

climate and can be defined as, 

 

For Warm Climate: LCR = 610 kJ/C-HDD m2 (30 Btu/F-HDD ft2) 

For Cold Climate: LCR = 410 kJ/C-HDD m2 (20 Btu/F-HDD ft2) 

 

Thermal mass storage (ex: concrete, masonry, or water wall): Thermal mass 

balances the temperature of the space while incident radiation is collected and 

serves as a source of thermal energy for times when there is no solar radiation 

available.  The sensitivity curves based on simulations show that for a water wall, 
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the performance increases with heat capacity and above 610 kJ/°Cm2 (30Btu/°F 

ft2) it diminishes sharply (Balcomb et al. , 1977a, 1977b).  As a rule of thumb, if 

the storage material in direct sunlight, the thermal mass, available in the building, 

should be able to store 610 kJ/°Cm2 (30Btu/°F ft2) per unit area of glazing. If the 

storage material is not in direct sunlight, then four times as much material is 

needed.  

 

Example: Consider a 2000 square feet house located in Jackson, MS. By using 

the first-level method, determine 

a) the projected amount of south-facing glazing  

b) the auxiliary heating required 

 

Solution: 

 

The estimated NLC/ft2 = 7 Btu/F-HDD ft2 and LCR = 30 Btu/F-HDD ft2 for a warm 

climate. 

 

a) From annual heating days map (pg. 3), annual heating degree day (HDD) for 

Jackson, MS can be estimated as 2000 F-HDD.  

 

          NLC = 7 Btu/F-HDD ft2 * 2000ft2 =14000 Btu/F-HDD 

 

 Ap = NLC/LCR = (14000 Btu/F-HDD)/(30 Btu/F-HDD ft2) ~ 467 ft2 

 

b) Qaux = (1-SSF).NLC.HDD  

 

SSF = 0.4 (from solar saving map) 

 

Qaux = (1-0.4)*(14000 Btu/F-HDD)*(2000 F-HDD)=11200000 Btu 

B. THE SECOND - LEVEL METHOD (LCR METHOD) 
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The LCR method is based on computer-based analysis of specific passive solar 

system combinations. In LCR Method, ninety four passive systems were 

analyzed and SSF values corresponding to Load Collector Ratio (LCR) is 

reported for 219 U.S. and Canadian locations. This method involves climate, 

building, and passive system details, which allow annual performance 

determination and added sensitivity to passive system design changes.  

 

The method involves the following steps:  

1. Determine the LCR value from the building parameters: NLC (building load 

coefficient) and solar projected area, Ap.  

  

 LCR = NLC / Ap 

 

2. Find the designation of the passive solar system from Appendix A.  

3. By using LCR tables, 

a. Find the city. 

b. Find the designation of the system 

c. Read the annual SSF value from the table based on the LCR value.  

d. Record the annual HDD (heating degree day) from the table. 

 

4. Calculate the auxiliary heat required from 

 

Qaux = (1 - SSF)*NLC*HDD 

 

Example: Consider a 2300 square feet home located in Santa Maria, California. 

The direct-gain passive system is used in the home with the following features:  

 solar double glazing with a projected area of 140 ft2 

 Thermal storage capacity of 30 Btu/ft2 F.  

 The net building load coefficient is 12000 Btu/F-HDD 

Determine the solar saving fraction (SSF) and the auxiliary heating required for 

this home. 
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Solution:  

Step 1: Determine the LCR 

 LCR = NLC/Ap = (12000 Btu/F-HDD)/(140 ft2) = 85.7 Btu/F-HDDft2 

 

Step 2: Find the system designation: TWA3 (See Appendix A) 

Step 3: From LCR table, estimate SSF and HDD 

 

 SSF = 0.434 and Annual Heating Degree Days = 3053DD 

 

Step 4:  

 Qaux = (1-SSF)*NLC*HDD 

         = (1-0.434)*(12000 Btu/F-HDD)*(3053DD) 

         = 22700000 Btu 
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APPENDIX A:  
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