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Glass Roofs- Save Energy and Money

It has been my experience that most college students couldn’t care less about the roof over their heads. When a hail storm damaged hundreds of roofs in my hometown, it brought to light many things I have never considered. For instance, does the average first time homeowner realize the time, energy, and money needed to maintain a roof? Do homeowners realize the amount of money that an efficient roof can save them?  Around the world, roofs are subjected to extreme annual temperature differentials. In addition, UV rays beat down on the surface, wind threatens to blow the roof off, and water attacks in the form of rain, ice, and snow. These factors, combined with installation errors and material limitations, result in frequent roofing problems such as shingle cracking, holes caused by corrosion, condensation pooling, and fungus growth. 

A typical roofing system, shown in Figure 1 (p. 4), includes shingles, an underlay, supports, and insulation.   According to the National Roofing Contractors Association (NRCA), the average shingle roof is repaired every 5 years and needs total replacement after 20 years.  The cost and weight of materials, as well as estimated labor costs, for replacing a typical 2000 ft2 asphalt shingle roof is shown in Table 1. However, roofing material can vary greatly and depending on the type of shingles used repairs can run quite high, as illustrated in Table 2.  Also, each time a roof is repaired or replaced much of it goes into landfills. According to the NRCA “Every year, an estimated nine million tons of asphalt roofing waste ends up in our nation's landfills — at a cost of more than $400 million in disposal fees alone.”


Table 1. Material and Installation Cost for Typical Roofing System
	
	Price (US$) per 2000 ft2
	Weight (lbs.) per 2000 ft2

	Asphalt shingles
	$4,000
	5000 lbs

	Plastic overlay
	$800
	2800 lbs

	Insulation (3"polyisocyanurate)
	$1,600
	440 lbs

	Wood support (plywood 1/2”)
	_$600_
	_3150 lbs_

	
	$7,000
	11390 lbs 

	Estimated labor costs 
	$4,800
	

	Total cost 
	$11,800
	


Source National Roofing Contractors Association

Table 2. Cost of Typical Shingle Material

Shingle Material
  Cost in US dollar per 100 ft2
	Asphalt
	$200

	Metal or concrete
	$300-600

	Clay
	$300-500

	Slate
	$1000


Source National Roofing Contractors Association

Glass windows and skylights have been around since the 11th century, but entire roofs made of glass are limited due to the relatively low strength of glass and its tendency to shatter due to localized impact. According to material from the Hooker Glass, Mirror, and Beveling Co. website, a normal 4’ by 8’ panel of silicate glass would need to be about 6.25” thick to withstand the loads imposed by heavy snow, as well as the impact of large hailstones.  If the glass strength could by increased 50x, the glass panels would only need to be 1/8” thick to withstand typical roof stresses.  These thin silicate-based glass roofing panels could revolutionize the roofing industry.

Figure 2 (p. 4) is an example of a proposed glass panel roofing system.  The cost and weight of materials, as well as estimated labor costs, for installing a typical 2000 ft2 glass panel roof is shown in Table 3.  As seen in Table 3, the glass panel roof would weigh 38% less than a traditional asphalt shingle roof and thus save on installation labor costs.  The decreased weight of the roof would also increase the amount of structural loads, such as piled-up snow, that the roof could support.   When you compare the total material and installation costs for an asphalt roof (Table 1) and a glass roof (Table 3) the price would be about the same. However, if you were to compare a glass roof to a slate tile roof, where the slate would cost $20,000, a glass roof would show considerable savings.  

Table 3. Material and Installation Cost for Glass Panel Roofing System
	
	Price (US$) per 2000 ft2
	Weight (lbs.) per 2000 ft2

	Reflective coating**
	$400
	100 lbs

	.125 inch glass panel **
	$5,544
	3276 lbs

	Insulation (3"polyisocyanurate)
	$1,600
	440 lbs

	Wood support (plywood 1/2”)
	_$600_
	_3150 lbs_

	
	$8,144.00
	6966 lbs

	Estimated labor cost 
	$3,630
	

	Total cost
	$11,774
	


Source National Roofing Contractors Association

** Source Hooker Glass, Mirror, and Beveling Co.

If a glass panel does break, glass panels are an ideal material for recycling because they can be melted down and reformed in a variety of ways, thereby reducing the volume of waste sent to landfills.  The glass panels can be converted into containers, new roofing panels, and aggregates for brick and ceramic manufacture.  Additionally, since glass recycling plants are already in use worldwide no additional money or resources needs to be spent for startup recycling costs.

While the initial cost of a glass panel roof is comparable to other types of roofs, a glass panel roof significantly reduces heat loss, which saves a lot on your heating and cooling bill.  One way to calculate how much money and energy glass roofs will save over traditional roofs is to examine their thermal resistance or R values.   An R value for a material can be calculated from its thickness and thermal conductivity, and a total R value for a roof is the sum of the R value of each component.  The higher the R value, the greater the insulating effectiveness against heat loss. Table 4 shows that the proposed glass panel roof has a R value 45% higher then the traditional asphalt shingle roof.

Table 4. Estimated Thermal Resistance For Asphalt and Glass Roofs
	Standard Roof
	
	Glass roof
	

	Material
	R value   ft2 (F

            BTU/hr
	Material
	R value   ft2 (F

            BTU/hr

	Asphalt shingles
	0.44
	Reflective coating**
	5.01

	Plastic overlay
	0.1
	.125 inch glass panel
	0.98

	Support (plywood 1/2”)
	0.63
	Support (plywood 1/2”)
	0.63

	Insulation (3" fiberglass)
	11
	Insulation (3"fiber glass)
	11

	Total R value 
	12.17
	Total R value 
	17.62


Source U.S. Department of Energy

**Source <http://www.coloradoenergy.org/procorner/stuff/r-values.htm>
You may ask how does knowing an R value translate into heating costs?  Using the R values we estimate the heat loss per day, Q (in BTU), through the equation:
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For instance, assume a 2000 ft2 roof, where there is a 10 (F difference between the inside and outside. Also assume that a natural gas furnace, operating at 70% efficiency, costs  $12 per 1 million BTU.  Table 5 shows that with these assumptions, glass panel roofs save 31% on the heating loss through your roof!  

Table 5. Cost Estimate for Heat Loss Through Asphalt and Glass Roof 

	
	Asphalt Roof
	Glass roof

	Heat loss per day (BTU/day)
	39,441
	27,242

	Heat loss in one year (BTU)
	14,396,056
	9,943,246

	Annual cost of heating loss  (US$)
	247
	170


*Assume natural gas cost of $12 per million BTU in a furnace operating at 70% efficiency
Below is a list of additional advantages of using a glass roofing system. 

· Glass panels could be manufactured as 4’ by 8’ sheets and could be easily and efficiently installed saving time and money.

· The underlay in a traditional roof is a waterproofing layer made of plastic or tar. With tar, toxic fumes are released during the installation process. Glass panel installation would eliminate this health hazard. 

· Glass panel roofs would not have the corrosion problems associated with metal roofs. 

· Glass panels are fire resistant.

· The waterproof nature of the glass would reduce the propagation of mildew, algae, and rotting associated with wooden/shingle roofs. 

When large companies and the average homeowner can save money with minimal effort, they will.  Glass panel roofing could save money, energy, and provide a variety of other benefits.  With current technology a glass panel roof will cost about the same as a traditional asphalt roof to install and repair. Because the glass panels are light weight, they allow for greater loads and have cheaper labor costs when they need to be replaced.  Glass panels are recyclable, fire resistant, and avoid the problems associated with other type of roofs. One of the most important things to realize is that glass roof panels could save a minimum of 31% in the heat loss normally associated with a roof.
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Figure 2. Proposed Glass Panel Roof Layers
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Figure 1. Traditional Roof Layers
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