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Bonnie L. Oliver, Architect & Dale R. Oliver, HSU Mathematics
Passive solar homes in the Northern Hemisphere are typically rectangular designs with the long sides running East-West, and with windows primarily on the southern facing side of the house in order to absorb the sun’s heat energy to warm the house during the winter.  In order to stay cool in the summer, many passive solar homes rely on shading (control) to keep the house cool.  The energy required to heat and cool a well-designed passive solar home is usually less than 20% of the energy required for conventional home of similar size. 
In the coastal areas of Humboldt County, including most towns in and around Eureka, we don’t worry about controlling for summer sun, since the average high temperatures throughout the year are below below that of our interior spaces. For example, the warmest average daily high temperature in Arcata, based on historical data, is 64 degrees Fahrenheit on September 2.  Thus, our goal in this activity is to explore how much window area on the southern-facing side of a house is needed to significantly reduce the energy required for heating, without excessively overheating the house on a day of full sun.
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To complete this activity, we will use the following data for Eureka, CA, from the 21st day of each month of the year.  The mean temperatures data is from the US National Weather service.  The Solar radiation data is from the American Society of Heating, Refrigerating and Air-Conditioning Engineers.  This data is of clear day solar intensity values assuming 0% ground reflectance as received by a vertical surface positioned at 40° N. Latitude.  (Eureka’s latitude is 40.8° N.) 
	Day
	1/21
	2/21
	3/21
	4/21
	5/21
	6/21
	7/21
	8/21
	9/21
	10/21
	11/21
	12/21

	Daily Solar Radiation (Btu/(hr·ft2)) 
	1726
	1730
	1485
	1022
	724
	610
	702
	978
	1416
	1654
	1686
	1646

	Daily Mean Temp (°F)
	49
	49
	50
	51
	54
	57
	58
	59
	57
	54
	50
	48



Task 1 Select windows for the south side of the given small house, and calculate the total window area in square feet.  Call this value x.  (We are assuming that any windows on the other sides of the house are of minimal, and can be ignored for this activity.)

One method for determining how much window area is optimal is to design for energy balance at either the fall or spring equinox.  For example, the surface area of windows along the southern facing side of a house that balances heat gain on March 21 with heat loss on March 21 will provide a reasonable estimate that will minimize overheating and overcooling throughout the year.
Task 2 Determine the heat gain and heat loss for the sample home on March 21, using your value from task 1.
Heat gain = Total Solar Radiation*Solar Heat Gain Coefficient*Surface Area of South facing windows
For this example, Solar Heat Gain Coefficient, a measure of the fraction of solar energy transmitted through a window, is 0.35
Heat Loss = Difference between inside and outside temperature * (surface area / R-value)*24
Use 68°F for the desired inside temperature.
Heat Loss is calculated for each type of boundary between inside and outside (windows, walls, and ceiling). An R-value is a measure of the resistance to heat flow, and thus is inversely proportional to Heat loss. For our example, use the following R-values:
	Material
	R-value

	Windows
	3.125

	Walls
	15

	Ceiling
	30
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Task 3 Based on your results for Task 2, revise your design (Task 1) and re-run the calculations for March 21 (Task 2), or re-run the calculations for a different day of the year.
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Parametrizing Task 3 for the sample house
Variable

Parameters
	
()
	Heat Gain
	
	Heat Loss
	

	
	
	
Windows
	

	
	
	
Walls
	

	
	
	
Ceiling
	

	
	
	
Total
	



Setting Heat Gain equal to Heat loss will allow us to solve for , the amount of windows which balance heat gain with heat loss on a full-sun day in Eureka, given the total solar radiation  and desired indoor temperature less mean temperature for that day .   Below is the result:


Task 4 Use the parametrized version of the problem to come up with a final window design.













Other resources
There is a very complete Energy-Efficient Housing Unit at www.teachengineering.org with some interesting hands-on projects, including a zero-energy housing activity.  Check it out! 

The cost per Million Btus for a high efficiency Heat pump is less than $20.

Some of the relevant standards:
CCSSM
Use units as a way to understand problems and to guide the solution of multi-step problems; choose and interpret units consistently in formulas; choose and interpret the scale and the origin in graphs and data displays. (Grades 9 - 12)
Solve linear equations and inequalities in one variable, including equations with coefficients represented by letters. (Grades 9 - 12)
NGSS
Evaluate competing design solutions using a systematic process to determine how well they meet the criteria and constraints of the problem. (Grades 6 - 8)
Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for a range of constraints, including cost, safety, reliability, and aesthetics, as well as possible social, cultural, and environmental impacts. (Grades 9 - 12)
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