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Abstract

The objective of this study was to propose a performance
compliance requirement that will reduce the risks of
overheating in homes by limiting design choices that are
well understood to contribute to overheating. An
archetype home was generated to examine how solar
gains change with glazing area, building orientation, and
window solar gains. A set of housing archetypes were
used to evaluate the impact of the overheating test on
home design. The archetypes used in this analysis
represent contemporary housing in eight major housing
markets across Canada. The proposed performance
compliance requirement will reduce the risks of
overheating in homes by limiting design choices that are
well understoodto contribute to overheating.

Key Innovations

e Building performance simulation was used to
develop a workable solution that is easy to
understand for theindustry to manage the risk of
overheatingin residential energy codes.

e The proposed metric was tested for consistency
across building performance simulationtools

e The impact of the proposed metric on building
design was evaluated using the 240 New
Housing Archetypes representing contemporary
housing construction for eight housing markets
in various climate zones across Canada

e The cost implications of the overheating metric
were evaluated

Practical Implications

The results indicate that the building designers and
simulation practitioners should:

1. Avoid the design of highly glazed facades,

2. Always use low solar heat gain coeffiicint windows
on east-westorientations,

3. Beware of overheating risks where using high gain
glazing on south facingwindows.

Introduction

Space and domestic hot water (DHW) heating loads
account for about 80% of the annual energy use of
residential buildings in cold-climate regions (Asaee etal.,
2018). Historically, in those regions, residential builders
and developers have no incentive or regulatory
requirement to adopt measures to avoid overheating
during the spring and fall shouler months and in some

cases during the summer (Lomas and Porritt, 2017). As
the buildings become more energy tight, the risk of
overheating during the summertime increases
substantially. If designers do not consider the implications
of adverse solar gains in summer, these homes may
exhibit significant cooling loads, and in extreme
conditions, the heat stress caused can lead to premature
death (Hosseini et al, 2021). Gupta et al. (2017)
conducteda study toassess the risk of overheating in four
case study buildings across the UK. The results of the
study indicated that while overheating was a present and
prevalent risk in the case study buildings, the awareness
or preparedness to implement adaptive measures were not
sufficient.

As part of Canada's commitment to reducing its
greenhouse gas emissions, the Pan-Canadian Framework
on Clean Growth and Climate Change (Environmentand
Climate Change Canada, 2016a) directed authorities to
develop net-zeroenergy ready model building codes. The
stringent requirements and higher energy efficiency
targets may encourage designers to excessively use
passive solar heating methods for new buildings. Besides,
the changing climate may increase the duration of the
cooling season, summer peak temperatures, and the
likelihood of heatwaves in Canada (Environment and
Climate Change Canada, 2016b). For this reason, the
authors proposed a code new requirement to lower therisk
of overheating in residential buildings..

A common definition to assesswhat particular conditions
may constitute overheating is not available in the
literature. Due to the lack of a common definition,
multiple metrics mostly based on temperature—health
effects orthermal comfort indicators were used to assess
overheating in residential buildings (Gupta et al., 2017).
The likelihood of overheating in practice depends on the
interaction of multiple parameters such as the local
climate, building shape and construction material, and
occupantbehavior. In addition, at the housing stock level,
the uncertainty associated with occupants' behavior and
the input data in building performance simulation models
can be a source of uncertainty for the prediction of
summertime indoor temperatures (Lomas and Porritt,
2017; Symondsetal.,2017).

HOT?2000 (NRCan, 2018a) is the most common building
performance simulation package used for code
compliance in the Canadian residential sector. Also,
HOT2000 is commonly used by the industry for
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ENERGY STAR and Net-Zero programs in Canada.
Several authors assessed and verified the validity of
HOT2000 using measured records (Parekh, 2019) and
comparison against other building performance
simulation software (Haltrecht and Fraser, 1997; Parekh
et al., 2018) per the Standard Method of Test for the
Evaluation of Building Energy Analysis Computer
Programs (ASHRAE, 2014). HOT2000 conducts a
monthly energy balance on a house design to determine
potential energy requirements for space heating and
cooling, water heating, appliances, and lighting. The
monthly energy balance includes monthly and hourly bin
analyses of specific building components and mechanical
systems. HOT2000's space cooling algorithms estirmate
cooling loads using an hourly temperature and heat loss
bin distribution. It considers the effects of thermal storage
and changes due to the opening and closing of windows
to estimate the sensible cooling loads. Latent load
modeling considers the impact of outside humidity onthe
inside latent load. HOT2000 estimates the variations in
the air conditioner capacity and coefficient of
performance (COP) with outdoor temperature, loss of
efficiency due to part-load operation, and
dehumidification by the air conditioning system (NRCan,
2018a).

As describedabove, overheating metrics based on houry
indoor temperatures cannot be verified accurately in
HOT2000. Currently, the National building code (NBC)
in Canada uses a comparative analysis (i.e., reference
house) approach for compliance of new buildings
(Canadian Commission on Building and Fire Codes,
2015). This study is focused on the development and
analysis of an overheating metric that can be
meaningfully evaluated within the limitations of
HOT2000’s monthly bin algorithms and is compatible
with the NBC approach.

Proposed Requirement

The Canadian Commission on Building and Fires Codes
(CCBFC)’s  Standing Committee of Energy Efficiency
invited authors to define a workable requirement to
reduce the risks of overheating in homes by limiting
design choices that are well understood to contribute to
overheating. The intent of this requirement is to
discouragebuilding designers fromusing excessive solar
gains to reduce energy use in winter, without regard to
impacts on occupant comfort and health during summer
months. Therefore, following guiding principles were
used in the creation of the metric:

e The scope of this study was limited to home design
(orientation, glazing areas, and overhangs) and
glazing specifications (solar heatgain coefficient).

e The requirement should not restrict appropriate
passive solar design. The metric will be chosen to
permit designers enough flexibility to designa home
to well-known passive solar principles.

o The installation of air-conditioning equipment is not
recommended as an alternate compliance pathway.
Builders shall comply with this requirement by
changing window orientations, areas, and glazing

specifications to reduce overheating potential. They
shallnot be interpreted to mean thatthe code requires
homes to be equipped with air conditioners.

e The proposed overheating metric should fit in the
context of the Section 9.36.5 of Canada's National
Building code (NBC 9.36.5) — Energy Performance
Compliance. NBC uses a comparative and
standardized analysis scheme for low-rise residential
buildings. The comparative part focuses on the
relative performance of the proposed house relativeto
a virtual reference design of the same house. NBC
9.36.5 prescribes standardized occupancy, operating
conditions, and weather data requirements for
building  performance simulation (Canadian
Commission on Building and Fire Codes, 2015;
Karpman and Rosenberg, 2020). Therefore, the metric
will be computed using the reference house approach.

Modelling Building Envelope of NBC's Reference House:

For the most part, the building envelope of a reference
house, including exterior walls, roof, exposed floors, and
floors that are in contact with the ground should be
modeled with the same area as those of the proposed
house. The NBC 9.36.5 instruction of modeling the
fenestrationand door ofthe reference house for buildings
containing one or two dwelling units are as shown in
Table 1.

Table 1. Modelingfenestrationand door of reference

house
Parameter Description
Orientation The fenestration and doors of

the reference house shall be
modeled as being equaly
distributed on all sides ofthe
house.

areato gross wallarea
ratio (FDWR)

i) as per the proposed house,
where its FDWR is between
17% and 22%,

i) 17%, where the FDWR of
the proposed house is less
than 17%, or

iii) 22%, where the FDWR of

the proposed house is greater
than 22%

Two possible metrics were considered to estimate the
possibility of overheating in the newly built homes:

e The peak cooling load (kW), which describes the
maximum rate of cooling required to maintain the
house's conditioned spaces at constant set points
within the summer season.

e The seasonal cooling requirement (kWh), which
describes the total amount of cooling that must be
delivered to maintain the house's conditioned spaces
at constant set points throughout the summer season.

Note that boththe peak cooling load and seasonal cooling

requirement focus on the cooling delivered to the house

and not the power demand or energy use of the cooling
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equipment. While some building simulation software may
require that a model include cooling to compute these
metrics, the performance ofthe coolingequipment has no
impact on their calculation.

Methods

An archetype home was used to examine howsolar gains
compared to the NBC reference house for different
glazing areas, orientations, and s pecifications for window
solar gains. This study also examined how overheating
metric could impact the cost of low-rise residential
building construction in Canada.

Step 1 — Case study withsinglefamily home: In the first
step, atypical single-family archetype home was created
to evaluate how the glazing area, building orientation, and
specification for window solar gains would impact the
solargains ofthe proposed design compared to the NBC
reference house. The archetype represents a common
single-detached market housing product. It has 304 2 of
heated floorarea (216 n? above grade). As designed, the
windows are predominately located on the front and back.
Figure 1 depicts its front and rear elevations.

Figure 1. Single-detached housing archetype — front
and rear elevations.
For the purposes of this study, the archetype home was
modified to create the case study scenarios described in
Table 2 to evaluate the impact of the glazing area,
orientation, and windows specifications.

Table 2. Case study scenarios

Scenario Description

Typical Home as is, with no changes to
windows oroverhangs.

Passive Home reconfigured to

solar concentrate windows on rear
facade. Window areas adjusted to
achieve 6% south-facing window

i to heated floorratio. Appropriate
< overhangs added to all rear
2 windows.

& [ Highly Home reconfigured to increase
O | glazed overall window to wall ratio to

20%. Windowdistribution as per
original (typical) archetype.
Very Home reconfigured to increase
highly overall window to wall ratio to
glazed 25%. Window distribution as per
original (typical) archetype.

North- the front of the house was
S | South oriented north, andthe rear faced
= south
& | East-West | the front of the home was
S oriented east, and the rear faced
west
- | High- U-value: 1.6 W/neK, SHGC:
2 | solar-gain | 0.51
S
'S [ Mid-solar- | U-value: 16 W/mPK , SHGC:
& | gain 0.26
2
S Low-solar- | U-value: 1.6 W/m2K , SHGC:
< | gain 0.19
; .
Step 2 — Consistency across building simulation

software: The proposed cooling requirements thresholds
were also examined with EnergyPlus software (NREL,
2020). The goal ofthis analysis was to assess whether the
proposed requirement will produce consistent outcomes
across building performance simulation tools. The
analysis was performed in two parts:

4. Initially the peak cooling for each archetype variant
(i.e., typical, passive solar, highly glazed, and very
highly glazed) was compared to its reference house
peak cooling (as defined in the previous sections) for
both North-South and East-West orientations in
HOT2000 (version 11)and EnergyPlus (OpenStudio
version 2.6.0, EnergyPlus version 8.9.0). For this
analysis, the authors examined if the HOT2000 and
EnergyPlus showed alignment in predicted peak
cooling with regard to thereference house.

5. The second part of the analysis used the same
archetype variants and orientations but replaced the
NBC 9.36.5 reference house with highgain, mid gain
and low gain windows. The impact on peak cooling
for thesewindows was comparedto thepeak cooling
predicted with the same window for the reference
housegeometry.

Step 3 — Impact assessment on Canadian new
construction: Natural Resources Canada (NRCan)s
Housing Technology Assessment Platform (HTAP) was
used forbatchsimulations and analysis of design options.
HTAP is a collection of computer scripts and databases
that allow automated evaluation of different ways a house
can be alteredto achieve a specific energy target. Because
of the wide adoption of HOT2000 among builders and
energy advisors, it was selected as HTAP’s building
performance simulation engine. HTAP components
includes an engineering model, and databases of housing
archetypes, energy conservation measures, and associated
capital costs. HTAP is open-source and publicaly
available.

NRCan's New Housing Archetypes (Asaee et al., 2019)

was used to evaluatethe impact of the overheating teston

home design. These archetypes were created using

statistical methods and reflect the best available data on
the energy characteristics of contemporary housing in
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eight major housing markets across Canada. For the
purposes of this study, the authors examined how the
cooling loads in these archetypes compare to the NBC
9.36.5 reference housewhen:

e Thearchetypes are equipped with the original window
packagesasdesigned, and

e Thearchetypes are equipped with low-gain windows.
(1.6 W/meK, SHGC: 0.19)

Results and Discussion

The analysis showed that the peak cooling load and the
seasonal cooling requirement correlate well when
compared for different window specifications,
orientations, and glass ratios. Figure 2 compares thesetwo
metrics for the various combinations examined in this
study. Generally, increases in peak load are accompanied
by increases in the seasonal cooling requirement, and
vice-versa. However, the results from the typical and
passive solar scenarios show that, in some cases,
reductions in peak cooling load can be accompanied by
increases in seasonal cooling requirement. These
observations are limited to the typical designand passive
solarscenarios, and only when thewindows are equipped
with high-gain (SHGC 0.51) windows.

120% reduced peak load < > increased peak load

100%

80%

60%

40%

20%

> increased seasonal cooling reguirement

% change in seasonal cooling requirement

Typical design (12% FDWR)
B Passive Solar (9% FDWR)
Highly-glazed (20% FDWR)
-100% ® Very Highly Glazed (25% FDWR)

-80%

0% | -
] .. "" 3
&
E ]
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-40% |2
H
g
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g
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Figure 2. Correlation between peak coolingload and
seasonal cooling requirement, by scenario.
The results of the case study analyses on the single-family
housing archetype shows that neither metric is perfectly
suited to control risks of overheating:

e A requirement based on the seasonal cooling energy
metric effectively restricts the use of high-gain glass
in most scenarios. This includes a passive-solar
scenario with appropriate window orientation,
window-to-floor-area ratios, and overhangs, which
could not be designed in some locations.

e A requirement based on the peak cooling load
effectively permits high-gain windows on the typical
and appropriately-designed passive solar archetype
when oriented North-South. It also permits high-gain
windows on the passive-solar archetype on the east-

west scenario in some locations. Anecdotal reports

suggest that such homes are, in fact, at risk of

overheating.
At the outset of this study, authors sought to identify a
metric that would permit the use of high-gain windows as
part of the appropriate passive solar design but which
would restrict the use of those windows on east-west
orientations. Neither metric exactly accomplishes this
objective:

¢ Insome locations, the seasonal metric restricts the use
ofhigh-gain windows in the passive solar design when
oriented east-west
o Insome locations, the peak cooling metric permits the
use of high-gain windows in the passive solar
archetype, even when that archetype is oriented east-
west.
Based on available information, this analysis
recommended thatthe overheating metric be based onthe
peak cooling load because this approach will not restrict
appropriate passive solar design. While this approach may
not effectively control overheating risks in two scenarios
considered (typical homes with high gain windows and
passive solar homes with high-gain windows and east-
west orientation), this compromise is more acceptable
than a seasonal metric that may prohibit all high-gain
windows. Based on this analysis, the authors
recommendation for overheating metric is:

"The peak cooling requirement ofthe proposed design
shall not exceed thatofthe reference house"

Consistency across building simulation software

In the next step, the peak cooling was assessed using
HOT2000 and OpenStudio/EnergyPlus (OS/E+) for the
each ofthe case study scenarios described in Table 2.

North-South East-West

0S/E+ 0S/E+

Typical Glazing
(12% FDWR)

Passive Solar (9%
FDWR)
High Glazing (20% . .

FDWR)

Very High Glazing
(25% FDWR)

Figure 3. Comparisons of metric outcomes between
HOT2000 and OS/E+

Figure 3 shows the evaluation of the recommended
overheating metric for each simulation tool. The percent
difference in peak cooling from the reference case is
compared foreach archetype variant and orientation with
HOT?2000 and OS/E+. The green blocks indicate that the
predicted peak cooling is less than the reference house;
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red blocks indicatethe predicted peak cooling exceeds the
reference house.

The results show that HOT2000 and OS/E+ predict
alignment in peak cooling loads for all North-South
facing houses modelled, i.e. both HOT2000 and OS/E+
predict peak cooling lower thanthe reference house.

The results also show that HOT2000 and OS/E+ report
the same trends in peak cooling loads for East-West "high
glazing" and "very highglazing" cases; peak cooling that
exceeds the reference. Both tools predict that highly and
very highly glazed houses with the majority of their
windows on the East-West sides have the potential for
overheating.

The typical and passive solar scenarios for East-West
orientationdo not showthe same clearalignment; OS/E+
predicts a slight increase in peak cooling from the
reference house whereas HOT2000 predicts a slight
decrease in peak cooling.

The result of this analysis indicates thathomes with lower
totalglazing (typicaland passivesolar) with the majority
of thosewindows facing East-West could meet the target
if modelled in HOT2000 and not meet the target if
modelled in EnergyPlus.

In addition to the base case window analysis presented
above, the analysis was completed with high gain, mid
gain and low gain windows. The results of this analysis
are shown in Figure 4; where the gray blocks indicate
scenarios where HOT2000 and EnergyPlus are in
alignment and the blue blocks are scenarios where they
generatedifferent predicitons.

North-South East-West

low gain mid gain  high gain low gain mid gain high gain
Typical Glazing (12%
FDWR)
Passive Solar (9%
FDWR)
High Glazing (20%
FDWR)
Very High Glazing
(25% FDWR)

Figure 4. Comparison of outcomes between Hot2000
and OS/E+ by SHGC

These results confirmalignment between HOT2000 and
EnergyPlus forall scenarios for archetype variants facing
North-South. For archetype variants facing East-West,
alignment between the two tools is shown for low-gain
windows with lower FDWR and mid- and high-gain
windows with large FDWR.

There is evidence that homes with mid-gain windows
with lower FDWR and low-gain windows with high
FDWR do not show the same compliance with the
proposed overheating metric. HOT2000 predicts those
homes would meet the requirement and EnergyPlus
predicts that they would fail to comply with the
requirement. One additional difference between the two
tools is for the prediction for high-gain, passive sokr
scenario facing East-West.

Figure 5 further examines the differences predicted by
HOT2000 and EnergyPlus, expressed as percent
difference in peak cooling size fromthe reference house.

North-South East-West

9% Difference in Peak Cooling Size 9 Difference in Peak Cooling Size

Simulation Toal
HZK W OS/E+

Figure 5. Comparisons of metric outcomes between
HOT2000 and OS/E+ by window type

Three observations canbe made fromtheseresults:

1. HOT?2000 and EnergyPlus show very close alignment
in all cases forthe North-South facing scenarios.

2. HOT2000 and EnergyPlus show less alignment for
East-West facing scenarios; with HOT2000
consistently predicting lower peak cooling than
EnergyPlus

3. HOT2000 and EnergyPlus show closer alignment of
results for low-gain windows and larger differences
in predicted peak cooling for high gain windows; as
well as larger differences with increasingglazing %.

Impact assessmenton Canadian new construction

As described in previous section, the 240 New Housing
Archetypes that represent the energy characteristics of
contemporary housing were developed by sampling data
from actual home audits under NRCan's housing
programs (NRCan, 2018b). Figure 6 plots the window-to-
wall-ratio of the 240 archetypes relative to the 17-22%
range prescribed for the NBC reference house. Most of
the archetypes have FDWR ratios less than 17%, the
lower bound of the NBC 9.36.5 reference house. The
results of the analysis suggest two key differences
between the reference house's window specifications and
practice in market home building:

e The reference house window-to-wall ratio range (17-
22%) is much higher than the typical housing
archetype used in this study (12%). When the horre
was redesigned according to passive-solar principles,
the window-to-wall ratio was 8.6%. These
inconsistencies mean that the reference home will
consistently exhibit higher heat loss and higher solar
gains thanproposed homes.

e The reference house distributes windows equally in
N/E/W/S orientations, while many contemporary
homes locate windows predominately onthefrontand
back. In summer, an overhang can block the direct
solar radiation from S facing glazing while the EW
windows can cause significant cooling loads because
of exposure to thedirect solar radiation dueto the low
sun angle in the middle of morning and afternoon. By
redistributing windows to east and west locations, the
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reference house may effectively increase cooling
budgets for highly-glazed homes with predominately
south-facing glass.
Not only does the 9.36.5 reference house have more
N/E/W window area than the typical and passive solar
archetypes, it also has more windows than typical
residential construction.

90
80

70 NBC8.36.5
Reference
60 House

50

40

Number of Archetypes

30

20
10 K
0

5% 10% 15% 20% 25% 30% 35%
Fenestration & Door to Wall Ratio (FDWR)

Figure 6. Distribution ofthe window-to-wall ratio ofthe
240 archetypes, relative to 17-22%rangeofthe NBC
9.36.5 reference house and NRCan ’s 240 New Housing
Archetypes

The disparity between the NBC 9.36.5 reference house
window area and contemporary housing will affect
heating and cooling energy comparisons between the
proposedand reference houses in the following manner:

e Contemporary housing will generally have lower
cooling loads thanthe reference house. This is because
the reference house has a greater window area, and
windows are greater contributors to heat gain in the
cooling season (i.e., direct solar gain and conductive
heat transfer from ambient to the indoor air) than
opaquewalls.

e Contemporary housing will generally have lower
cooling loads than the reference house when oriented
north and south but higher loads when oriented east
and west. This is because the east and west windows
make more significant contributorsto cooling loads in
summer.

Figure 7 shows the percentage of archetypes that would

comply with the overheating requirement, as originally

designed. The vertical axis shows the range of
fenestration and door to wall ratio of the 240 archetypes.

The horizontal axis groups the archetypes by their

predominate solar heat gain coefficient as designed. The

colorlegend depicts the fraction of archetypes in each of
the bins that would comply with the overheating
requirement, as designed.

Results showthat archetypes with small FDWRs (<10%)
and low-to mid-gain windows generally comply with the
requirement. As expected, archetypes that have higher
windows area are less likely to comply with the
overheating requirements. Likewise, the likelihood of

compliance decreases in archetypes using high-gain
windows. For example, none of the archetypes with
FDWRs above 30% complied with the requirement as
designed; nor did any of the archetypes with very high
gain windows (SHGC > 0.6).

Based on these findings, the authors concluded that the
proposed requirement effectively targets the intended
segment - highly-glazed homes and homes with high-gain
windows thatare likely to overheat.

SHGC of Largest Window
% FDWR 0.2 0.3 0.4 0.5 0.6

0-10% o 100% 100%
10-20%
20-30%

+30%

Percentage of Archetypes that Comply

B , -

Figure 7. Archetypes compliance, by FDWR and SHGC.

Next, the authors examined how many of these same
archetypes would comply if their as-designed windows
were replaced by low-gain ones. Results are shown in
Figure 8. Green columns depictthe number ofarchetypes
that comply with the overheating requirement as
designed, 29% of all archetypes considered. Orange
columns denote the archetypes (64%) that do not cormply
as designed, but that would comply if the window
packages are replaced with a low gain window. Red
columns showthe number ofarchetypes (7%) that would
not comply evenwith low gain windows

From these results, the majority (93%) of contemporary
housing would either comply with the proposed
requirement as designed or with substitution of lower-
gain windows. Only a small fraction (7%) would not
comply with the lower gain window package,
necessitating some other compliance measure, such as
reducing window area or changing window orientation.

90
80
@ 70
s
260
£
]
£50 —
5
+ 40
o
2 -
E 20 -
=
20
10 —
—
5% 10% 15% 20% 25% 30% 35% 40%
Fenestration & Door to Wall Ratio (FDWR)
Color Legend
® As designed

Archetypes that comply if the window packages are replaced with low gain ones
® Archetypes that can’t comply even with a low gain window package

Figure 8. The number of compliant archetypes, by
windowtype.
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Finally, the incremental costs that builders may face by
switching to the low-gain (as described in Table 2) were
examined in this analysis.

The incremental cost of replacing existing windows with
a low solar gain window is shown in Figure 9. Results
indicate that the median, mean, and standard deviation of
incremental costs associated with this measure for eligible
archetypes are C$223, C$264, and C$152, respectively.
The green area in Figure 9 is the range between -1
standard deviation and +1 standard deviation. As
discussed earlier, 154 archetypes (about 64% of the total)
would be able to pass the overheating requirement with a
low gain window upgrade. The cost of window upgrade
due to this measure for 126 archetypes (about 82% of
eligible archetypes) would be in thegreen range shown in
Figure 9.

The lower cooling load due to this measure will likely
reduce the size or eliminate the need for the air-
conditioning system. This effect was not considered in
estimating the incremental costs due to the overheating
measure.

$0 $100 $200 $300 $400 $500 $600 $700 $800
Incremental cost for upgrading windows to low gain glass
Figure 9. Cost ofupgrading windows to low gainglass
in archetypesthat comply ifa windowis switched with
low gain glass. All costsare in Canadiandollar.

Conclusion

In Canada, over half of all energy use in the building
sector is attribitable to space heating. For years, builders
tend to increase solar gainthrough windows as a low-cost
means to reduce the heating energy consumption in
buildings. The authors used building performance
simulation to develop a workable solution that is easy to
understand for theindustry and assessed the impact of the
new metric on building design. The proposed
methodology will not estimate the indoor temperatures in
residential buildings. A single housing archetype was
used to study the effects of gliazing area, orientation, and
characteristics on two proposed approaches and
recommend a metric for overheating assessment. The
metric was tested for consistency across building
performance simulation tools. The New Housing
Archetypes representing the contemporary housing
contruction was used to evaluate the impact of
overheating metric on Canadian new housing
construction. The impact of window to wall ratio on the
availability of daylight is not in considered in this study.

Authors expect the proposed overheating requirement

will have the following outcomes if adopted in the
building code:

e Fewer homes will be prone to overheating due to
excessive solar gains in the summer. However, sone
homes will stilloverheat— in part because of intemal

gains and humidity loads thatare beyond the scope of
this requirement.

o Builders will still be able to construct highly-glazed
and very highly-glazed homes, provided they continue
to comply with all other parts of the NBC. But builders
of these homes will no longer be able to use high-
solar-gain glass. If these homes feature significant
amounts of windows facing east and west, builders
will be required to install low-solar-gain windows.

e Builders of typical, market-housing will no longer be
able to use high-gain windows if those homes have
predominated east or west-facing glazing; they will
have to opt fora mid-gain or low-gain instead.

e The appropriate passive solar design will not be
restricted. Builders can continue to use high-gain
windows provided that window areas are consistent
with passive solar design principles and they are
protected by appropriate overhangs.

e Builders will have several measures that they can use
to meet this requirement: reducing window area, re-
locating east and west-facing windows to south, using
low-solar-gain windows, using adjustable blinds, and
external shadings.

o Builders will not be required to install air-conditioning
as an outcome of this requirement. Builders will not
be permitted to installair-conditioning as an altemate
means to comply with this requirement.

e Builder's cost will slightly increase due to using low
gain windows to comply with this requirement. The
impact of cost savings due to a smaller air-
conditioningsystemis not considered in this analysk.
These savings will likely reduce or eliminate the
incremental costs of this requirement.
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