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Concrete Floors: Critical Component of the Mill Creek NetZero Home in Edmonton, Alberta
A position paper by Conrad Nobert
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Introduction TC "Introduction" \f C \l "1" 
Mill Creek NetZero Home TC "Amores-Nobert Home" \f C \l "2" 
Conrad Nobert and hi family have the dream of building a super efficient ecohome at 9805 – 84th Avenue, Edmonton, AB. They have engaged homebuilder Peter Amerongen to help them realize this dream. Their goal is to build an aesthetically pleasing, utilitarian house that consumes zero net energy over the course of a year, and that has a functional lifespan measured in hundreds of years. 

Concrete Floors TC "Concrete Floors" \f C \l "2" 
This paper was written to articulate why the strategy of including concrete floors for the main and second stories is the best choice for achieving Conrad and his family’s goals. Firstly, in order to fully realize the passive solar potential of the home, large amounts of solar mass must be placed directly in the sun’s rays. This has the twofold effect of reducing overheating while the sun is shining, and storing solar heat for later in the day when the sun’s energy is no longer available. Secondly, the mass afforded by the concrete floors can be used as a storage system for the active solar components of the home.  Thirdly, concrete is an extremely durable surface that can serve as the finished floor for the home for as long as it stands.
Concrete Floors for Passive Solar Design TC "Concrete Floors for Passive Solar Design" \f C \l "1" 
Increase in Solar Energy Capture TC "Increase in Solar Energy Capture" \f C \l "2" 
Having very high levels of mass would allow the Mill Creek NetZero Home (MCNZH) to maximize capture of the solar energy that will pass through its large amount of south-facing glass. HOT2000, the residential building performance evaluation software distributed by Natural Resources Canada (Natural Resources Canada, n.d.),  reports that the MCNZH home would require 1245 KWh less purchased space heating energy per annum (4521 KWh versus 5766 KWh) if built using very high mass (concrete) versus medium mass (wood frame with extra drywall, for example). It is unlikely that very high mass could be achieved in the absence of concrete floors due to a lack of partition walls (especially on the first floor) and restrictions on the width of the home due to the narrowness of the city lot on which it will be built.
Concrete floors are the ideal form of mass for the MCNZH home because they are so massive, and because so much of their surface area would be bathed in direct solar rays. The Canadian Mortgage and Housing Corporation (CMHC) states that “unshaded, uncovered mass in direct sunlight is by far the most effective for storage.  In fact, mass in direct sunlight is two times as effective as surfaces that receive indirect radiation in the same room, which are twice as effective as surfaces in a remote location” (CMHC, 2005, p.17).  Furthermore, solar home expert Daniel Chiras says that “…mass must … be well-positioned for high performance in a direct gain passive solar house.  As a rule, mass should be fairly evenly distributed throughout the space heated directly by the sun to provide uniform comfort.  Even distribution works better than concentrating mass in one area.  That said, the more mass you can locate in the direct path of incoming solar radiation the better” (Chiras, 2002, p.101). The addition of mass to the partition walls alone would not be sufficient in achieving the aforementioned results of even distribution of mass in direct sunlight.
Overheating TC "Overheating" \f C \l "2" 
With 12.4% of the floor area in south-facing glass (see Appendix 2), and an extreme level of conservation (i.e. the home is super energy efficient and airtight), there is a virtual certainty that the MCNZH home will experience significant overheating without the addition of large amounts of mass. 

“When the ratio of south-facing glass to floor area exceeds 8% [, it is] necessary to include more thermal mass in a conventional wood-frame house” (CMHC, 2005, p.16) to prevent overheating.  Furthermore, “high conservation levels result in severe restrictions in the amount of south windows that can be used without excessive overheating” (CMHC, 2005, p.53). Window overhangs will prevent overheating in the summer, but they will not block the sun’s rays during the heating season, and “October is the critical month … for overheating” (CMHC, 2005, p.53).  Thus addition of a large amount of mass is required to reduce the overheating caused by the differential between the planned 12.4% of south-facing glass to floor area and the 8% threshold.

Concrete floors are the only means by which to add enough mass to the home to counteract the aforementioned overheating effect. 

Three glass-to-mass ratios are useful in determining how much [additional mass, above 7%, is required]. The first ratio relates solar glazing to floor mass in direct contact with sunlight.  In such cases, each square foot of solar glazing over the 7% mark requires 5.5 ft.² of uncovered and sunlit (directly illuminated) floor mass. The second ration relates solar glazing to floor mass not in direct contact with incoming solar radiation, but in the same room.  In this case, 40 ft.² of uncovered and “unlit” mass accommodate 1 ft.² of solar glazing.  The third ratio relates solar glazing to wall mass.  In a room being warmed directly by sunlight to, you’ll need 8.3 ft.² of wall mass for each square foot of solar glazing over the 7% limit” (Chiras, 2002, p.102-103)
There is simply not enough wall area inside the house to accommodate the amount of glazing above the 8% mark (Chiras’ 7% threshold is for the American climate, so the CMHC threshold of 8% will be considered accurate for this report). 
There are 42.6 ft2 of glazing per floor over the 8% limit in the MCNZH home (see Appendix 2). According to Chiras’ glass-to-mass ratio for walls, the home would require 42.6 * 8.3 = 353.6 ft2 of 4-inch deep (100 mm – CMHC, 2005, p.17) wall mass. Since the narrow lot upon which the home will be built already restricts the width of the home, no extra mass on the interior of the West or East walls is acceptable for design purposes. Therefore, on the main floor, only the south bathroom wall (50 ft2) and the East wall of the pantry (28 ft2) are good candidates for mass walls. The 78 ft2 that they would provide would accommodate 78/8.2 = 9.5 ft2 of the 42.6 ft2 of extra glazing, leaving about 33 ft2 of extra glazing to be dealt with on the main floor. A similar analysis of the second floor shows an availability of 288 ft2 of potential mass wall area, leaving 288/8.2 = 35 ft2 of extra glazing dealt with, and 7.6 ft2 still to be accommodated.
A brief examination of the home’s main floor plan reveals 125 ft2 on the main floor and 170 ft2 on the second floor of floor area that would be directly illuminated for much of the heating season (numbers are necessarily rough due to unknown factors such as placement of furniture, etc.).  If this floor area were made from concrete, it would counteract 125/5.5 = 23 ft2 (see the Chiras’ glass-to-mass ratio above) of extra glazing on the main floor and 170/5.5 = 31 ft2 of extra glazing on the second floor. This would completely eliminate overheating on the second floor (with significant leeway for walls that cannot be made high-mass). On the main floor, there would still be 12 ft2 of extra glazing to be accommodated.  The 212 ft2 of uncovered and “unlit” mass (including the uncovered floor area in the front entrance) would accommodate 212/40 = 5 ft2 of extra glazing, leaving 7 ft2 left over to be absorbed by the extensive covered mass provided by the concrete floors. 
In conclusion, in order for the MCNZH home to be comfortable most of the time (the owners are willing to tolerate a certain degree of overheating), concrete floors are essential as a means to sequester the large amounts of energy that the south-facing windows will bring in on sunny days during the heating season.
Concrete Floors for Active Solar System Storage TC "Concrete Floors for Active Solar System Storage" \f C \l "1" 
As an experimental feature, the mass afforded by the concrete floors of the MCNZH home could be used as a storage system for the active solar components of the home. This would necessitate the installation of a sophisticated, programmable controller for the active solar hot water system and radiant in-floor heating systems of the home.
On some sunny days during the heating season, the active solar water system will be fully charged at some point during the day when there are still remaining sunlight hours.  Instead of simply forgoing the rest of the day’s solar energy, it may be possible to activate the radiant in-floor heating system of the home to store heat energy in the northern halves of the main and second floor concrete slabs, and the entire basement concrete slab.  Only the northern halves of the main and second floors would be charged with heat in order to minimize the risk of overheating in the southern portions of the home.
It takes 9.15 KWh of heat energy to make one of the MCNZH home’s concrete slabs 1°C warmer (see Appendix 3). On a day such as described above, the basement a slab could be warmed from 19°C to 22°C.  This would store 27.45 KWh of energy while at the same time probably increasing the comfort level of the basement.  The same concept could be applied to the northern halves of the first and second floors once the basement slab was fully charged.  Again, a fully programmable controller that integrated the radiant in-floor heating, active solar hot water, and possibly the geothermal systems would be required so that the owners of the home could experiment to find a balance between heat storage and overheating. 
Concrete Floors: Interior Floors That Last a Lifetime TC "Concrete Floors: Interior Floors That Last a Lifetime" \f C \l "1" 
An acid-stain finish on a concrete floor “can last the lifetime of the concrete” (Toolbase Services, n.d.). Thus, concrete floors can provide the durability and beauty that the owners of the MCNZH home are seeking. They hope that the home will last hundreds of years, and the interior surface provided by the acid-stained concrete floors are probably the most durable choice of any flooring material.
Conclusion
Building a single family dwelling with concrete floors is unconventional, expensive, and greenhouse-gas intensive. However, this report demonstrates that there are significant benefits to doing so. Hopefully, and with some likelihood, these benefits will be available most days of every year, for hundreds of years to come. In order to achieve their dream of a super durable, NetZero energy home, Conrad and his family would like to fully explore the possibility of building the MCNZH home with concrete floors.

Appendix 1: Mass in a concrete floor TC "Appendix 1: Mass in a concrete floor" \f C \l "1" 
In their current design, the first and second floors of the MCNZH  home have an area of 966 ft2 given an 8 inch concrete floor, then, the volume of concrete poured per floor would be:

966 ft2 of area * 8/12 ft of depth = 644 ft3 of concrete per floor

Since concrete weighs about 145 pounds per cubic foot (Love, 2001, p.25), adding concrete floors to the home would add:

145 lbs per ft3 * 644 ft3 of concrete = 93,380 pounds of mass per floor

93,380 pounds * 0.45359237 = 42,356 Kg of mass per floor
Appendix 2: Ratio of South-Facing Glass to Floor Area TC "Appendix 2: Ratio of South-Facing Glass to Floor Area" \f C \l "1" 
For the purposes of passive solar design, the amount of south glazing is measured as a percentage of floor area. The first and second floors of the MCNZH  have an area of 966 ft2. The proposed amount of south glazing is approximately:

20 ft * 6 ft = 120 ft2 of south glazing
120 ft2 / 966 ft2 = 0.124
0.124 * 100 = 12.4% of south glazing
The amount of glazing above CMHC’s 8% threshold (CMHC, 2005, p.16):

12.4% - 8% = 4.4%

4.4%/12.4% =  0.355 

0.355 * 100 = 35.5% too much south glazing

35.5% of 120 ft2 of glazing = 42.6 ft2 too much south glazing to prevent overheating without additional mass
Appendix 3: How Much Energy Can Be Stored In A Concrete Slab? TC "Appendix 3: How Much Energy Can Be Stored In A Concrete Slab?" \f C \l "1" 
· The heat capacity of poured concrete is approximately 0.5 Wh/mm*m2 per °C of temperature in the concrete (Figure 1.22, p.16, CMHC, 2005). 

· There are about 90 m2 per concrete slab, and each slab is about 203 mm (8 inches) thick. 

· Therefore, each °C that a concrete slab’s temperature is risen means that the slab contains :

· 0.5 = Wh/203*90

· 0.5 = Wh/18,270
· 9,150 Wh = 9.15 KWh of heat energy
Appendix 4: MCNZH Floor Plan,1st Floor TC "Appendix 4: Amores-Nobert Floor Plan,1st Floor" \f C \l "1"  
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Appendix 5: MCNZH Floor Plan, 2nd Floor TC "Appendix 5: Amores-Nobert Floor Plan, 2nd Floor" \f C \l "1" 
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