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The Canadian Centre for Housing Technology (CCHT)

Built in 1998, the Canadian Centre for Housing Technology (CCHT) is jointly operated by the National Research Council,
Natural Resources Canada, and Canada Mortgage and Housing Corporation. CCHT's mission is to accelerate the
development of new technologies and their acceptance in the marketplace.

The Canadian Centre for Housing Technology features twin research houses to evaluate the whole-house performance of
new technologies in side-by-side testing. The twin houses offer an intensively monitored real-world environment with
simulated occupancy to assess the performance of the residential energy technologies in secure premises. This facility
was designed to provide a stepping-stone for manufacturers and developers to test innovative technologies prior to full
field trials in occupied houses.

As well, CCHT has an information centre, the InfoCentre, which features a showroom, high-tech meeting room, and the
CMHC award winning FlexHouse™ design, shown at CCHT as a demo home. The InfoCentre also features functioning
state-of-the art equipment, and demo solar photovoltaic panels.
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Introduction

Solar energy entering the windows of a house can provide significant passive solar heating.
Managing these solar gains in all seasons is important to minimizing energy use for space
heating and cooling, particularly as house performance approaches net-zero energy. During the
heating season, maximizing solar gains minimizes energy use, but can result in occasional
overheating, especially in very energy-efficient houses with large areas of south or west facing
windows. During the cooling season, solar gains should be minimized to reduce cooling loads
and to avoid overheating.

It is often assumed that fixed overhangs above south facing windows will allow for passive
heating by the low winter sun, while preventing overheating by blocking the high summer sun
(CHBA, pp. 36-37). However, recent modelling work done by Natural Resources Canada’s
CanmetENERGY has shown that there is no net benefit to any configuration of fixed overhangs.
This is because the overhangs block potentially useful solar energy in the Spring shoulder
seasons ( March and April), and allow the sun to overheat a house in August and September.

Interior shading devices such as blinds, shades or curtains are found in most houses, and
can be easily adjusted by occupants, but a recent study at the Canadian Centre for Housing
Technology (CCHT) showed that “typical interior blinds . . . are not particularly energy-efficient
nor cost—effective compared to un-shaded windows” (Laouadi, p.13). The same study goes on to
show that:

Exterior insulating rollshutters and close-weave screens are the most effective shading
devices to reduce the house heating and cooling energy use, the on-peak cooling power
demand, the risk of moisture condensation on the interior surfaces of windows, and the
thermal discomfort conditions near windows.

When compared with typical interior blinds of old houses with conventional double clear
windows, rollshutters may reduce the annual heating energy use by 7%, the cooling energy
use by more than 40%, and the on-peak cooling power demand by 18% to 42% (30% on
average). For R-2000 houses with double clear low-e windows, rollshutters may reduce the
annual heating energy use by 6%, the cooling energy use by more than 53%, and the on-
peak cooling power demand by 29% to 48% (39% on average) (/bid).

However, rollshutters and exterior screens are unconventional in appearance (see Figure 1),
and block some or all daylight when deployed. The effective operation of rollshutters also relies
on proper and consistent use by the occupant.

Awnings were common on houses in the past, and may be more acceptable to occupants.
Awnings will not reduce the risk of moisture condensation or cold conditions near windows, nor
will they reduce heating loads, except as they allow for larger south-facing windows areas.

1



Final Report: Summer Performance of Awnings at the CCHT

Figure 1. Rollshutters on the north side of a CCHT house.

(They could increase heating loads if not retracted during the heating season). However, they
should be able to reduce cooling energy and overheating during the heating season, while
maximizing useful solar gains. This study was designed to directly measure reduced cooling
energy due to awnings on south windows. It also compares temperatures and light levels
(illuminance) with and without the awnings.

The CCHT

The Canadian Centre for Housing Technology (CCHT) is a facility designed for evaluating
whole-house performance of residential technologies. It includes two highly instrumented,
identical, unoccupied houses. Each is two storeys with 223 m? (2,400 ft*) of floor area, not
counting the full basements. Occupancy is simulated by computer controlled operation of lights
and appliances, use of hot water, and generation of heat to simulate the presence of occupants.
Repeated testing under identical conditions (benchmarking) has shown that the two houses use
almost exactly the same amounts of energy for space heating, air conditioning, hot water and
utilities. For more information see www.ccht-cctr.gc.ca.

The CCHT houses are ideal locations for testing shading devices because having two
identical houses at the same site allows the effects of a relatively small change in one of them to
be clearly shown in the collected data, rather than based on an analysis of cooling loads derived
from outdoor temperatures, wind speeds and solar radiation.

2
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e T

Figure 2. The Awnings on the Experimental House, photographed close to Solar Noon.

The Technology

The shading devices that were tested in this project were standard commercially available
canvas awnings. They were mounted on the three largest south facing windows of one of the
CCHT houses, the Experimental House, as shown in Figure 2. These windows face very close to
true south. The awnings are manually operated, allowing users to deploy them when shading is
desired, and to retract them to allow maximum daylighting and solar gains at other times. Figure
3 shows the profile of the deployed awning on the ground floor window. All three windows and
their awning geometry are shown in Appendix I.

Objective

The main objective of this project was to determine the amount of cooling energy that the
awnings would save. Secondary objectives were to:
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$  compare temperatures in the two houses, both in rooms that had awnings in one of the
houses, and in those that did not, and

$  compare light levels (illuminance) in the rooms that had awnings in one of the
houses.

Window 3: Ground Floor, Livingroom

Not shown:

W; = Width of frame (opening): 2438 mm (8')
W, = Width ofglazing (notincludinginternal frames): 2045 mm (80.5")
W, = Width ofawning: 2616 mm (103"}

Ly

H; = Height of windowframe (opening): 1829 mm (72")

Hy = Heightof top section of window frame: 78 mm (3.17)

H, = Heightofglazing: 1673 mm (65.9”)

D, = Drop,top outside of openingto intersection

of strutand plane of wall: 978 mm (38.5")

= Vertical offset, top of openingto top ofawning: 63.5mm (2.5”)

, = Horizontal offset, wall to where awningleavesroller: 76 mm (3")

L, = Length ofangled section of awning, from where it leaves the
roller: 991 mm (39”)

Ly = Length of vertical section of awning: 229 mm (9”)

L. = Length of strut, plane of wall to outside edge of
awning: 1016 mm (40”)

I, = Inset, outer surface of glazingto plane of wall: 142 mm (5.6")

Figure 3. Schematic profile of Window 3, NTS.

The Experiment

As with all side-by-side testing at the CCHT, the experiment consisted of two phases: The
first was benchmarking, in which the two houses were run with identical internal conditions, and
no awnings on either house. This determined how similar the amounts of energy used for air
conditioning were under a range of weather conditions, and provided the basis of comparison.
The second phase was the experiment, in which the awnings were installed on the experimental
house, while the control house continued to operate without awnings. Internal conditions in both
houses were the same as during benchmarking, and are shown in Table 1.
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System Setting

1 Air circulation The fan of a high efficiency condensing gas
furnace provides low speed continuous
circulation and high speed airflow for cooling

2 Air Conditioner 2 ton (7.03 kW), 13 SEER

3 Thermostat Set-point 24°C

4 HRV Low speed continuous (30.7 L/s, 65 cfm)
5 Windows Closed & locked

6 Simulated Occupancy Standard Schedule

7 Humidifier Off

Table 1. Operating Conditions for Benchmark and Experiment, both houses.

Simulated occupancy includes light bulbs that simulate the heat from humans in various
locations, operation of lights and major appliances, and hot water draws. The complete schedule
is shown in Appendix II.

Benchmarking
Benchmarking took place on the following 35 days in 2010:

18 May - 25 May
12 June - 14 June
16 June - 17 June
19 June - 27 June
1 July - 4 July

6 July - 11 July

7 August

15 August

Outdoor temperature varied from a minimum of 11.6 C on 7 August, to a maximum of 36.8
C on 8 July. Daily amounts of global solar radiation, as measured by a precision spectral
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pyranometer mounted on a horizontal plane above the house roof, varied from 5,081 kJ/m? on 16
June to 28,325 on 21 May.

Testing
Testing took place on the following 24 days in 2010:

21 August - 27 August

29 August - 10 September
13 and 14 September

18 and 19 September

Outdoor temperature varied from a low of 7.1 C on 18 September to a high of 33.6 C on 31
August. Daily amounts of global solar radiation ranged from 3,689 kJ/m” on 22 August to 22,505
kJ/m* on 29 August.

Thus, the benchmark and testing periods included similar ranges of temperatures and solar
radiation.

Results

Energy Use
A/C Condenser Unit (compressor + outdoor fan)

Benchmarking

During benchmarking, daily energy use by the air conditioner compressors (A/C) in the two
houses was similar. In the control house, it varied from 0.328 kWh to 32.669 kWh, and averaged
11.415 kWh. In the experiment house, it varied from 0.487 to 34.621, and averaged 12.279 kWh.
Thus, when operated under identical conditions spanning a wide range of weather, A/C energy
use in the experiment house averaged 7.6% more than in the control house.

In Figure 4, each point represents one day of benchmarking or testing. Each point’s x-
coordinate is equal to the number of kWh used in the control house, and its y-coordinate is equal
to the number used in the experiment house. A day during which both houses used the same
amount would fall on the 45° line. Thus, if the two houses and their A/C units were perfectly
matched, then all of the benchmark points (red diamonds), and their linear regression, would line
on the 45° line. As can be seen in Figure 4, all of the benchmark points and their regression lie
above the 45° line and the gap gets larger for larger values, thereby demonstrating that the
experiment house used more A/C energy, and that the difference got larger with larger cooling
loads. Thus, the benchmark is not perfect, but it is close enough to be useful for comparisons
with test results. The relationship between the two houses is almost perfectly linear, as shown by
the r* value of just over 0.999.
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Figure 4. A/C Energy Use during Benchmarking and Testing.
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Testing

The blue X’s in Figure 4 represent days of testing with the awnings installed on the
experiment house. All but one of these points lie below the 45° line, showing that the A/C in the
experiment house used less energy than the one in the control house. (The exception is 22 August
when the experiment house used 0.148 kWh and the control used 0.130). The energy saving due
to the awnings is represented by the vertical distance between the benchmark and testing
regression lines, and increases as cooling loads increase, due mainly to solar radiation.

During testing, energy use by the A/C compressor in the control house varied from 0.023 to
25.871 kWh, and averaged 8.170, while the experiment house varied from zero to 22.486, and
averaged 6.324 kWh. Thus, A/C energy use in the experiment house went from 7.6% more than
the control house during benchmarking to 22.6% less during testing, an apparent net reduction of
30 %. Savings can be determined more accurately by calculating the vertical distance between
each of the test points and the benchmark regression in Figure 4. The result is an average daily
saving of 2.557 kWh or 28.8% due to the awnings.

During testing, the vertical solar radiation on the south walls of the houses varied from
1,597 to 17,853 kJ/m?, and averaged 9,956. As would be expected, energy savings were greatest
when there was more solar radiation. This can be shown in two ways. First, Figure 5 is the same
as Figure 4, except that instead of showing all 24 days of testing, only the 11 days with solar
radiation of 10,000 kJ/m” or more are included. This reduces the scatter in the test points
considerably, increasing their r* from 0.9781 to 0.9941. Most of the eliminated points are at the
low end, as would be expected since days with less sun generally have smaller cooling loads. The
one eliminated midway point (at about 15 kWh) is for 2 September, when the outdoor
temperature reached 30.5 C, and solar radiation was just below the cut off at 9,158 kJ/m®.
Second, Figure 6 plots the energy savings against solar radiation for each day with awnings, and
indicates that savings increase exponentially with increased radiation.

Furnace Fan + A/C Condenser

Benchmarking

Energy use by the furnace fan increases with increasing use of the A/C because the fan
switches from low to high speed when the A/C is on. During benchmarking, daily energy use for
both the compressor and fan in the control house ranged from 8.242 to 46.042 kWh, and averaged
21.507. In the experiment house it ranged from 8.196 to 49.094 kWh, and averaged 22.734.
Thus, the experiment house averaged 5.7% higher than the control. This excess is smaller than
the 7.6% for the A/C only because the fan energy is more equal in the two houses. In the control
house, energy for the fan alone averaged 10.092 kWh/day, and in the experiment house it
averaged 10.455, or 3.5% more. Thus, as with the A/C only, the benchmark is less than perfect,
but has an r* of over 0.991, as shown in Figure 7.
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Cooling Energy Savings VS Vertical Solar Radiation
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Figure 6. Energy Saving vs. Solar Radiation.

Testing

During testing, daily energy use for the compressor and fan in the control house varied from
7.870 to 38.468 kWh, and averaged 17.661. In the experiment house, it ranged from 7.624 to
34.960 kWh, and averaged 15.425, or 12.7% less than the control. The difference between the
benchmark and test shows an apparent net energy savings for both the condensing unit and the
furnace fan of 18.3% (12.7% + 5.7%). The more accurate determination of savings based on the
vertical distance between the test points and the benchmark regression line is an average daily
saving of 3.186 kWh or 16.7%.

Figures 7 & 8 show the combined energy use of the A/C condenser unit and the furnace fan.
Figure 7 includes all 24 days of awning testing, while Figure 8 shows only the 11 days with
vertical solar radiation greater than or equal to 10,000 kJ/m”. As in Figures 4 & 5, eliminating the
days with low solar radiation significantly reduces scatter and improves the r* of the test results.
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Annual Savings

The 2010 cooling season for the CCHT houses began on17 May and lasted 127 days, ending
with 20 September. The A/C compressor savings due to the awnings averaged 2.557 kWh/day,
so projected to the full 127 day season, the total savings would be 325 kWh. The total A/C and
fan savings averaged 3.186 kWh/day, so for the cooling season the total savings would have been
405 kWh. A more accurate calculation of total A/C and fan savings is based on a two-factor
regression of daily savings versus vertical solar radiation on the south wall of the houses, and
average outdoor temperature. The result has an r* of 0.9240, meaning that most of the savings are
accounted for by the solar radiation and temperature. The regression factors are then used to
calculate the savings for each day of the cooling season as:

Saving (kWh) = Solar(kJ/mz/day)*0.000348737 + T(C)*0.184775605 - 3.995825498.

The result is a total seasonal saving of 401 kWh, or 15% of the total amount used in the control
house for the season.

The CCHT houses were operated with the windows closed and the A/C under thermostat
control throughout the cooling season. Occupants of similar houses who open and close windows
to control temperatures, and only use the A/C when necessary would incur smaller cooling loads
that could lead to smaller savings. On the other hand, when the A/C is not in use, the awnings
would keep indoor temperatures lower, resulting in less A/C use. So awnings should still save
cooling energy, although it is not possible to estimate the amount here.

Temperatures

The awnings cause temperatures to be lower, both in the rooms with awnings and those
without. Figures 9 & 10 show the layout of the first and second floors of the CCHT houses. The
rooms with the awnings in the experiment house are the living room on the first floor, and the
master bedroom and bedroom 2 on the second floor.

Figure 11 shows the maximum daily temperatures in the master bedroom for each day of
benchmarking and testing. During benchmarking, the maximum temperatures are generally
slightly lower in the experiment house, and the differences are larger for lower temperatures.
During most days, the maximum temperatures are above the 24 °C set-point, indicated by the
heavy gridlines in the figure. During testing with awnings, the maximum temperatures in the
experiment house are significantly lower than in the control house, and the majority (17 of 24) are
below the set-point. The average maximum temperature in the control house is 24.8 °C, while in
the experiment house it is 23.7 °C. If one compensates for the lower experiment house
temperatures during benchmarking, then the expected experiment house average is 24.7 °C,
indicating that the awnings keep the maximum temperatures in the experiment house 1.0 °C
cooler on average. The largest difference was 2.8 °C on 19 September when the experiment
house reached 22.9 °C and the expected experiment house maximum was 25.7 °C.

11
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Figure 12. Maximum Daily Temperatures, Bedroom 4.

Figure 12 shows the maximum daily temperatures in bedroom 4, a room without awnings on
the second floor. The pattern is very similar to the Figure 11, showing that the awnings’
temperature effects are not limited to the rooms with awnings. Appendix III has graphs for
bedroom 2 (with awnings), and the ensuite bath, bedroom 3, and the second floor bathroom (no
awnings). Appendix IV contains graphs of temperature bins and probabilities based on all hourly
temperatures, rather than maximums. These also show that the awnings generally reduce
temperatures, both in rooms with and without them, especially on the second floor. Cooler
temperatures in rooms without awnings are presumably due to circulation of air by the furnace
fan. As mentioned, the fan runs in low speed continuously, and switches to high speed when the
A/C is on.

On the ground floor, the patterns are somewhat different, but still show reductions by the
awnings. Figure 13 shows the maximum daily temperatures for the living room (with awnings).
During the benchmark, the temperatures in the two houses are much more similar than on the
second floor, with the control house averaging only 0.1 °C warmer. Most of the daily maximums
are closer to the set-point. This is to be expected since the thermostat is located just outside the
living room, as shown in Figure 9. However, the difference between the actual and expected
experiment house maximums is 0.8 °C, only 0.1 °C less than in the master bedroom. Thus, the
awnings result in significantly lower maximum temperatures. It is not clear why many of the
maximum temperatures are below the set-point, during both benchmarking and testing. This
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could be due to thermostat accuracy, or due to the warming of air as it flows from supply registers
in the living room to the return register below the thermostat.

The higher temperatures on the 2" floor are probably due to the buoyancy of warm air, and
the difficulty of blowing denser cold air through the ducts to the upstairs. This is generally
believed to be a common occurrence in multi-storey houses with only one thermostat (one zone);
basements tend to be cooler than the set-point, while the upstairs tends to be warmer.

Figure 14 is for the family room, which is furthest from the living room and has no awning.
During the 36 days of benchmarking, the experiment house family room never went above the
set-point, and the control house did so on only five days. During testing, the maximum
temperatures in the experiment house were lower on most days, but the difference between the
average actual and expected values was only 0.1 °C. The graph for the dining room (no awning,
Appendix III) is similar to the one for the living room, as would be expected due to the proximity
and lack of a barrier between the two rooms.

In summary, the awnings significantly reduce temperatures in the rooms that have awnings,
and in most of the rooms that do not have them. Without awnings, the daily maximum
temperatures often exceed the set-point. This indicates that in houses with enough cooling
capacity, and enough air circulation to all rooms to maintain the set-point temperature, the
awnings could further reduce cooling energy. This ability to effectively cool the house and
adequately distribute conditioned air would be the case in houses with zoned heating and cooling,
for example. As mentioned, the CCHT is probably typical of most houses, in that the second
floor is often not cooled to the set-point. Therefore, the occupants of most (unzoned) houses that
install such awnings could expect to benefit from both lower cooling bills and lower temperatures.
Houses with zoned heating and cooling could enjoy further reductions in cooling bills.

Light Levels

Light levels (illuminance) were measured in the centre of the living rooms at a height of 0.6
metres. They were measured using photometric sensors, instruments that have approximately the
same sensitivity to light of various frequencies as does the human eye. The SI unit of illuminance
is the Lux (Ix), which is equal to one lumen/m?, or 0.0929 footcandles, or 1.46 x 107 light-
Watts/m”, where a light-Watt is a Watt of radiation to which the human eye is sensitive. Some
common light levels are (Engineering ToolBox, expressed in round numbers of footcandles):

Condition [llumination (1x)
Sunlight 107,527

Full daylight 10,752
Overcast day 1,075
Twilight 10.8

Full moon 0.108
Starlight 0.0011
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No Awnings, Mostly Sunny, 7 October 2010
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Figure 15. Light Levels on a mostly sunny day with no awnings.

Awnings, Sunny, 19 September 2010

500
! N\

450 ) b\ \

400 \\ \Q\

i \\ / \\
=
El 300 N
: |\
£ 250
il
=E s ,j \ —Control House
= L Total Light Energy, \ \

21.
5 7 amto 7 pm (Wh/m?): — Experiment
House
Control: 204
1 Experiment: 6.4
50
0
7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00

Time

Figure 16. Light Levels on a sunny day with awnings on the experimental house.
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Recommended light levels for residential areas vary from 50 to 500 I1x, depending of the age
of the occupant, and the reflectivity of the surroundings. 75 Ix is the central recommendation for
general activities, and 300 Ix is central for reading magazines (IESNA).

Figure 15 shows the light levels for each five minute period on 7 October 2010, a mostly
sunny day with no awnings on either house. The patterns in the two houses are similar although
the experiment house receives more light most of the time, and 10% more total light energy for
the day. (The data in Ix is converted to Wh/m? of light energy as follows: 1x x 1.46 x 10~
W/m?/Ix x 5 min / 60 min/h). The situation is similar on 7 October, a cloudy day during which
the control house receives 2.0 Wh/m” and the experiment house receives 2.9.

Figure 16 is a detail of the graph for 19 September 2010, a sunny day during which the
awnings were deployed on the experiment house. Here, the control house receives 20.4 Wh/m?
and the experiment house receives 6.4. If one looks at the recommended level of 75 Ix, both of
the houses are above that level for most of the day, and whenever the control house is above it,
then the experiment house is also. However, the situation is very different for the level of 300 Ix.
The control house is above that level continuously from 08:20 until 17:45, during which time the
experiment house is often below it. In total, the control house is above 300 Ix for three hours
more than the experiment house.

Awnings, Cloudy, 21 August 2010
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Figure 17. Light Levels on a cloudy day with awnings on the experiment house.
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Figure 17 shows even greater increases in time below the recommended levels on a cloudy
day (21 August). The control house received more than twice the total light energy, was above 75
Ix for forty-five minutes more, and above 300 Ix for five hours more, as compared to the
experiment house. In fact, the experiment house never reached 300 Ix.

In summary, awnings do significantly reduce light levels in the rooms to which they are
attached, and significantly increase the amount of time that illuminance is below recommended
levels. Likely effects on occupants and energy use are discussed below.

Comparisons with Other Projects

This project is the latest of several CCHT investigations on the effects of shading on cooling
energy. A 2005 report (Galasiu) showed that closed Venetian blinds on all south facing windows
reduced cooling energy by less than 1%. The blinds were the type commonly found in houses,
with white aluminum slats, 2.5 cm wide. The results may be counter-intuitive. One might
assume that the white blinds would reflect a significant amount of the solar radiation back out of
the house. Apparently, the CCHT’s double-pane, argon-filled, low-e windows do not allow this,
although less energy-efficient windows might. In any case, the results make it seem very unlikely
that white Venetian blinds could prevent overheating or reduce cooling loads in very energy-
efficient houses. Light levels were not measured, but it seems probable that closed blinds on
entire windows would reduce light more than awnings on their top sections. Closed blinds also
exclude views.

Another common shading device consists of fixed overhangs above south-facing windows.
As mentioned in the introduction, a recent modelling exercise by CanmetENERGY indicated that
there are no net benefits from any configuration of fixed overhangs. We are not aware of any
empirical study of the effects of fixed overhangs. However, we are confident in the modelling
results because they are consistent with the fact that heating and cooling loads lag the angle of the
sun above the horizon. That is, there are still significant heating loads just before and after the
spring equinox, while the highest heating loads tend to occur well after the summer solstice.

A 2007 project (Manning) investigated custom-made interior shades on the same three south
windows used in the awning project plus the west window. The shades consisted of two layers of
bubble wrap enclosed in layers of reflective aluminum foil. There were one inch (25.4 mm) gaps
at the top and bottom of each window. Measured reductions in cooling energy were 9 or 10%.
The shades caused the window surface temperatures to approach the points at which thermal
stresses could cause windows to crack. For this reason, they cannot be recommended for the type
of windows at the CCHT, nor presumably for more energy-efficient windows. Again, light levels
were not measured, but were most likely lower than for awnings, and views were excluded.

Since neither interior shades nor fixed exterior overhangs are effective in reducing cooling
loads, that leaves adjustable external shades of one type or another.
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A report by Laouadi and Galasiu published in 2009 describes the effects of exterior
insulating rollshutters on all of the CCHT windows except the two east-facing ones (see Figure
1). The rollshutters were loosely closed, leaving small gaps between the slats to admit some light.
Reductions in energy for the A/C compressor and the furnace fan were “~26% +10%.” In 2010
Laouadi used computer simulations to generalize the results for entire years at several locations.
For an R-2000 house in Ottawa (the CCHT houses), annual A/C and fan savings were 45 to 54%,
by far the highest of all the shading devices tested. These results are not directly comparable with
the awning results because the rollshutters covered the fourth south window and a large west
window that were not covered by awnings. Once again, light levels were not measured. The
many small gaps in the rollshutters do admit some light, but probably less than the awnings do.
The gaps also allow one to see the exterior, but the fractured view may be considered aesthetically
unappealing.

In summary, Venetian blinds and exterior overhangs have the advantage of being commonly
accepted in houses, but they have no significant effect on cooling energy. Blinds also reduce light
levels and exclude exterior views when closed. Interior reflective shades reduce cooling energy
by about 10%, but also exclude views and most light, have no practical way of being opened or
closed, and put unacceptable stresses on window glass. Exterior rollershutters produce the largest
savings in cooling energy, and have other advantages, but have a very unconventional appearance,
and exclude most natural lighting and views. Thus, the type of awning tested in this project —
with their 18% reduction in cooling energy, may be considered to be the best compromise
between energy savings, natural lighting, and aesthetics, although such judgements are of course
subjective, and involve uncertainty in the case of light levels since these were not measured for
the other devices.

Discussion

As houses in Canada approach net-zero energy, the hardware and technologies involved
tend to suffer from diminishing returns. Each additional thickness of insulation costs the same as
the previous one, while producing smaller energy savings. Additional gains in improved
efficiency of heating, cooling and hot water equipment tend to be small and expensive.

Generally, active renewable energy equipment is only cost effective when other measures are well
past their points of diminishing returns, and can be severely limited by available space, exposure
and building orientation. For these reasons, maximizing free passive solar space heating should
be a prime strategy in any building project. If a building is well exposed, and can be built with a
southern orientation, then the main limiting factor on passive solar is overheating, which can
occur on warmer, sunny days during the heating season, during shoulder seasons, and during the
cooling season. This problem cannot be dealt with by fixed overhangs above windows, since they
reduce useful solar gains by at least as much as those that increase cooling loads.

A solution to overheating is some form of adjustable shading device. If the shading devices
were located inside, they could be easily adjusted by occupants in the way Venetian blinds are.
However, experience to date suggests that with energy-efficient windows, internal shading is
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either ineffective or causes thermal stress on the glass. Therefore, moveable external shading
devices are likely to become important parts of (near) net-zero energy houses and should be
deployed in any house that seeks to maximise passive solar gains while minimizing potential for
over-heating. These could be manually adjusted from the outside, in which case users could
deploy them during the cooling season, and retract them for the rest of the year. They could be
manually adjusted from the inside, either electrically or physically, as is the case with some
rollshutters. Or they could be automatically controlled so that they would only be deployed when
needed to prevent excessive solar gains, with manual overrides for privacy or security, or when
occupants consider natural light or views more important than excess gains.

This study has shown that retractable canvas awnings that cover approximately the top half
of windows can significantly reduce cooling energy. The awnings used were typical
commercially available models, and no attempt was made to change their characteristics in order
to optimize their performance. They were installed on three of the four south windows, and not
on the west window or either of the east windows. Because they cover only about the top half of
a window, they allow significant amounts of natural light, and leave much of the view to the
outside unobstructed. The awnings reduced cooling energy by 18%, and also kept maximum
temperatures much closer to the set-point, in the rooms with awnings and in other rooms, thus
providing both energy savings and increased comfort.

Although awnings may reduce light levels less than other shading devices do, it is clear that
they do significantly reduce light levels in the rooms to which they are attached, and significantly
increase the amount of time that illuminance is below recommended levels. However, the effects
this will have on occupants will depend on a number of non-quantifiable and subjective factors.
For example, whether occupants are in those rooms during times of low light levels, what
activities they are engaged in, and their subjective reactions to particular light levels. It is
possible that some will find the reduced lighting unacceptable, and will react by turning on lights,
thus negating some of the energy savings. Increased use of lights would increase energy use
directly, and also indirectly by increasing cooling loads. However, since savings due to awnings
are in the order of three kWh per day, it seems unlikely that occasional increased use of lights
would negate a significant amount of the energy savings, especially in energy-efficient houses
with energy-efficient lighting. It should also be noted that in very energy-efficient houses,
shading devices may be controlled automatically, so that they are only deployed when needed to
avoid overheating or increased cooling loads. This is unlikely to occur during periods of low light
levels.

Conclusions & Recommendations

Movable external shading devices such as the awnings tested in this project can significantly
decrease the energy required for cooling a house while keeping temperatures closer to the desired
level. For this reason, they are likely to have an important role in the design of houses that
approach net-zero energy, and may be useful in more typical new and existing houses with south-
facing windows. In order to maximize the benefits of movable shades to particular house designs
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in particular locations, designers will need accurate simulation models verified by empirical
studies such as this one. Such models must deal with the house as a system, and include the
ability of floors and walls to store solar gains for later release rather than cause immediate
overheating. The use of shading devices may change the choice of windows. For example, as
awnings enable the maximisation of solar gains in winter (awning retracted), without causing
overheating in summer (awnings deployed), south facing windows designed to maximise solar
gains, rather than minimise heat loss may be the preferred design choice. Questions that need to
be answered for any given design and location include:

e What are the best lengths and angles for awnings on windows facing different
direction?

e What are the effects of side panels?

e What is the best control strategy, and what are the likely effects of occupants
overriding the controls for various percentages of the time?

Further work should consist of an iterative process of empirical studies such as this one, and
simulation work using models with hourly (or shorter) time steps such as ESP-r and HOT3000.
The empirical work can be used to verify and calibrate the models, and the models can be used to
produce optimized designs for further testing, and for designing the next generations of (near) net-
zero energy houses.
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Appendix I: Window & Awning Geometry

This appendix shows the detailed configuration of each of the windows with awnings, and a
simplified geometry that could be used in modelling the effects of the awnings. Each window
consists of three glazing units separated by frames, as can be seen in Figure 2. The outer and
central units have different widths, and in two windows, different heights. In all the window
drawings, the width of glazing is the sum of the widths of the three units, and does not include the
frames between them. The height of glazing is the area weighted average height of the three
glazings. The drawings are not to scale.
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Window 1: Upper Floor, Southwest Bedroom

Notshown:

W;: = Width of frame (opening): 2438 mm (8’)
W, = Width ofglazing (notincludinginternal frames): 2045 mm (80.5")
W, = Width ofawning: 2616 mm (103")

Ly

H; = Height of windowframe (opening): 1626 mm (64")

Hy = Height oftop section of window frame: 76mm (3”)

= Height of glazing: 1473 mm (58")

D. = Drop,topoutside of openingto intersection of strut and
plane ofwall: 991 mm (39”)

s
m
|

0, = Vertical offset, top of openingto top of awning: 63.5mm (2.5")

Oy, = Horizontal offset, wall to where awningleavesroller: 76 mm (3”)

L, = Lengthofangled section of awning, from where itleavesthe
roller: 991 mm (39”)

Ly = Length ofvertical section ofawning: 229 mm (9”)

L, = Length of strut, plane of wall to outside edge of awning:
1016 mm (40”)
I, = Inset, outer surface of glazing from plane of wall: 142mm (5.6")

Oh,,,, : €=

Figure I-1. Configuration of Window 1, Bedroom 2, 2™ Floor.

Simplified Geometry for Modelling,
Window 1: Upper Floor, Southwest Bedroom

Lq

L,, = Length ofangled section of awning: 1086 mm (42.75")

Ly = Length ofvertical section of awning: 229 mm (9”)

H, = Height ofglazing: 1473 mm (58")

H, = Height from top of frame to intersection of
awningand wall: 122 mm (4.8")

H¢ = Height of frame: 1626 mm (64”)

I, = Inset,walltoglazing: 142 mm (5.6")

a = Angle, awningwith wall: 55°

W, = Width of glazing (not shown): 2045 mm (80.5")

W; = Width of frame (notshown): 2438 mm (8’)

W, = Width ofawning (notshown): 2612 mm (103”)

Figure [-2. Simplified Geometry, Window 1.
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Window 2: Upper Floor, Master Bedroom

Not shown:

W; = Width of frame (opening): 2248 mm (88.5")
W, = Width of glazing (notincludinginternal frames): 1848 mm (72.75")
W, = Width ofawning: 2489 mm (98")

)
.|

H; = Height of windowframe (opening): 1219 mm (4’)
Hi = Height of top section of window frame: 71 mm (2.8")
H, = Height of glazing: 1077 mm (42.4")

. = Drop, top outside of openingto intersection

of strutand plane of wall: 673mm (26.5") I

0, = Vertical offset, top of openingto top of awning: 63.5mm (2.5”) g7
Oy, = Horizontal offset, wall to where awningleavesroller: 76.2 mm (3”)
L, = Lengthofangled section of awning, from where itleaves
theroller: (660 mm)(26”) | (v
Length of vertical section of awning: 229 mm (9”)
Length of strut, plane of wall to outside edge of awning: 711 mm (28”")
= Inset, outer surface of glazingto plane of wall: 45mm (1.75")

o
n

S

I
L

2

Figure I-3. Configuration of Window 2, Master Bedroom.

Simplified Geometry for Modelling,
Window 2: Upper Floor, Master Bedroom

Lg

L,, = Length ofangled section of awning: 757 mm (29.8")
Ly = Length ofvertical section of awning: 229 mm (9”)

H, = Height ofglazing: 1077 mm (42.4")
H, = Height from top of frame to intersection of

awningand wall: 114 mm (4.5”) i
H¢ = Height offrame: 1219 mm (&) Ig """" 2 F
l; = Inset,wall to glazing: 45mm (1.75") i
a = Angle,awningwith wall: 55°
W, = Width of glazing (not shown): 1848 mm (72.75")
W; = Width of frame (notshown): 2248 mm (88.5")

W, = Width ofawning (not shown): 2489 mm (98”)

Figure [-4. Simplified Geometry, Window 2.
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Window 3: Ground Floor, Livingroom

Not shown:
W; = Width of frame (opening): 2438 mm (8’)

W, = Width ofglazing(notincludinginternal frames): 2045 mm (80.5")

W, = Widthofawning: 2616 mm (103")

Ly

H; = Height of window frame (opening): 1829 mm (72")
Hy = Height oftop section of window frame: 78 mm (3.1")
= Height ofglazing: 1673 mm (65.9")
. = Drop, top outside of opening to intersection
of strutand plane of wall: 978 mm (38.5”)
0, = Vertical offset, top of opening to top of awning: 63.5mm (2.5")
0

\, = Horizontal offset, wall to where awningleavesroller: 76 mm (3”)

L, = Lengthofangled section of awning, from whereitleaves the
roller: 991 mm (39”)
Ly = Lengthofvertical section of awning: 229mm (9”)
L. = Lengthof strut, plane of wall to outside edge of
awning: 1016 mm (40”)
= Inset, outer surface of glazing to plane of wall: 142 mm (5.6")

”

Figure I-5. Configuration of Window 3, Living Room, 1* Floor.

Simplified Geometry for Modelling,
Window 3: Ground Floor, Living Room

= Length of angled section of awning: 1082mm (42.6”)

Ly = Length ofvertical section of awning: 229 mm (9”)

H, = Height of glazing: 1673 mm (65.9”)

H, = Height from top of frame to intersection of
awningand wall: 114 mm (4.5")

H¢ = Height offrame: 1829 mm (72”)

ly = Inset, wallto glazing: 142 mm (5.6")

a = Angle,awningwith wall: 55.5°

W, = Width ofglazing (not shown): 2045mm (80.5")

W; = Width of frame (notshown): 2438 mm (8')

W, = Width of awning (not shown): 2616 mm (103")

| H

Figure [-6. Simplified Geometry, Window 3.
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Appendix II: Simulated Occupancy Schedule

Note: Water draws shown here are for hot water only, in liters.

Overnight
Device Water Utility Draw Time Duration
Bedroom 2 humans 66.4 W 0:00 6 hrs 45 min
Master bedroom humans 99.6 W 0:00 6 hrs 45 min
Morning
Device Water Utility Draw Time Duration
2nd floor lights 410 W 6:45 60.0 min
1. Master bedroom shower 36 L 6:50 10.2 min
Family room humans 166 W 7:00 60.0 min
Main floor lights 200 W 7:00 60.0 min
Kitchen products 450 W 7:30 10.2 min
Kitchen fan 80 W 7:30 10.2 min
Kitchen stove (intermittent) 1600 W 7:30 20.0 min
2. Kitchen tap 13 L 7:45 3.0 min
Afternoon
Device Water Utility Draw Time Duration
Kitchen fan 80 W 12:00 15.0 min
Kitchen stove (intermittent) 1600 W 12:00 15.0 min
Family room humans 166 W 12:00 30.0 min
Kitchen products 450 W 12:00 10.2 min
Main floor lights 200 W 12:00 15.0 min
3. Kitchen tap 13 L 12:30 3.0 min
Evening
Device Water Utility Draw Time Duration
4 & 5. Clothes washer (46L) | 400 W 17:00 60.0 min
Main floor lights 200 W 17:00 2 hrs 30 min
Kitchen fan 80 W 17:30 3.6 min
Kitchen stove (intermittent) 1600 W 17:30 30.0 min
Family room humans 166 W 17:30 2 hrs 30 min
Kitchen products 450 W 17:30 10.2 min
Dining room products 225 W 18:00 2 hrs
2nd floor lights 410 W 18:00 5 hrs
6. Kitchen tap 27 L 18:30 6.0 min
7 & 8. Dishwasher 650 W 19:00 60.0 min
Dryer 2250 W 19:00 25.2 min
Living room humans 166 W 19:00 2 hrs
Bedroom 2 humans 66 W 21:00 3 hrs
9. Main bathroom bath 41L 21:05 4.8 min
10. Master bedroom shower 55 L 22:30 15 min
Master Bedroom Humans 100 W 23:00 60 min
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Figure III-1.

Maximum Daily Temperatures, Bedroom 2, Second Floor, With Awning.
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Figure III-2.

Maximum Daily Temperatures, Ensuite Bath, Second Floor, No Awning.

28




Final Report: Summer Performance of Awnings at the CCHT

Maximum Bedroom 3
Temperature

+ Benchmark

> Awning project

// Linear (Benchmark)
26.0 o y=1.0854x - 2.4213
R?=0.958

Experimental House Maximum Temperature, °
I N
iy »
u [=]
. . s
. ‘.f\
N
X
X

24.0 »
o
235 K
b
23.0 X
x ~
w
225 X
%
220
e o o o o o e o o o ~ o e
I I I I = = & & = = I I 8
b & b & 4 2 & P & 2

b tn b
Control House Maximum Temperature, °C

Figure I1I-3. Maximum Daily Temperatures, Bedroom 3, Second Floor, No Awning.

Maximum 2nd Floor Bathroom
Temperature

28.0

27.5

# Benchmark

27.0

> Awning project

26.5

Linear (Benchmark)

26.0 Val

*
/ y=1.0151x - 0.7681
RI=0.9422

&
oA %
s

X
%

Experimental House Maximum Temperature, °C

~ ~ %) < r ~ ~
w w0 = & i * &
o o n o

0ze
§ze
§'az
0Lz
Lz
08z

tn o &
Control House Maximum Temperature, °C

Figure I1I-4. Maximum Daily Temperatures, Second Floor Bathroom, No Awning.
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Figure III-5. Maximum Daily Temperatures, First Floor, Living Room, With Awning.
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Appendix IV: Temperature Frequency & Probability Graphs

Comparing the benchmark and testing graphs, the curves for the experiment house are
generally shifted to the left, showing cooler temperatures due to the awnings.

The graphs on this page are for the master bedroom, a second floor room with an awning.
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Figure IV-1. Temperature Frequency Distribution, Benchmark & Testing, Master Bedroom.
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Figure IV-2. Temperature Probability Distribution, Benchmark & Testing, Master Bedroom.

31




Final Report: Summer Performance of Awnings at the CCHT

The graphs on this page are for Bedroom 4, a second floor room with no awning.
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Figure IV-3. Temperature Frequency Distribution, Benchmark & Testing, Bedroom 4.
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Figure IV-4. Temperature Probability Distribution, Benchmark & Testing, Bedroom 4.
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The graphs on this page are for the living room, a first floor room with an awning.
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Figure IV-5. Temperature Frequency Distribution, Benchmark & Testing, Living Room.
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Figure IV-6. Temperature Probability Distribution, Benchmark & Testing, Living Room.
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