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7:00-8:00 Arrival and Breakfast

8:00-8:50 The Science of Good Window Design and Selection SME

8:50-9:50 
Window Selection Tools: Energy, Carbon, HVAC, Thermal Comfort 

Analysis and Cost 
SME

9:50-10:05 Break (15 min)

10:05-11:00 Design Detailing & Installation for Durability: New CSA A440 SME

11:00-11:40 VIDEO Spray Rack Test Results & Commentary Video

11:40-12:00 Q&A, Wrap Up & Summary

12:00-12:15 Survey

Agenda
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The Science of Good Window Design and Selection

Subject Matter Expert

33
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Window Selection Tools: Energy, Carbon, HVAC, 

Thermal Comfort Analysis and Cost

Subject Matter Expert

44
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Overview

• Modelling Tools

• Case Study Archetype Home

• Energy Performance

• HVAC loads

• Carbon

• Comfort and Climate Adaptation

• Partner Challenge questions

5
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Modelling Tools

Hot2000: 

Energy modelling 

software

CBAT: 

Cost Benefit 

Analysis Tool

HVAC Tools: 

LEEP ASHP 

Sizing Tool

MCE2: 

Material Carbon 

Estimator

6
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Archetype Home

77
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Archetype Home: 2-Storey, ~2700sf
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Archetype Home: 2-Storey, ~2700sf
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20% FDWR

Climate Zone 5 (London)

10

• Ceilings with Attic Space: Reff = 49.2

• Above Grade Walls: Reff = 17.5

• Exposed Floors: Reff = 26.5

• Foundation Walls: Reff = 16.9

• Windows: 1.84 U-Value, ER 21, 0.26 SHGC

• Air Tightness: 3.0 ACH @ 50 Pa

Reference House – NBC Zone 5
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Reference House – NBC Zone 5

11

• Principle Ventilation: Exhaust Only

• Space Heating: 95% AFUE Gas Furnace + ECM

• Space Cooling: 14.5 SEER

• Domestic Water Heater: Gas Tank 0.67 EF

• No Drain Water Heat Recovery 20% FDWR

Climate Zone 5 (London)
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Glass Orientation and FDWR*

*Fenestration and Door to Wall Ratio

1212
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1. North

114.3 GJ (lowest)

2. East

115.1 GJ (0.7% More Energy)

3. South

114.7 GJ (0.4% More Energy)

4. West

115.8 GJ (1.3% More Energy)

Front Glass Orientation – Total Energy
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Glass Orientation + FDWR Analysis (Zone 5 – London,ON)

14

Orientation 16% FDWR 20% FDWR 23% FDWR

North 110.9 114.3 117.0

South 111.3 114.7 117.4

West 112.5 115.8 118.5

East 111.7 115.1 117.8

Energy Consumption (GJ) for Each Orientation

* The maximum difference is 1.4%. 

Conclusion: Window area has a much larger impact on energy consumption than orientation with this 

archetype.

In colder climate zones with more sun, the FDWR would have more of an impact.

64GJ (56%) 

Heating Energy 

and 5GJ (4%) 

Cooling
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CBAT*

*Cost Benefit Analysis Tool

1515
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Choose 
an 

Archetype

Choose 
Base 

Case to 
Compare

Choose 
Energy 

Efficiency 
Target

Select 
your 

Energy 
Efficiency 
Measures

Review 
and Adjust 
Cost Data

Generate 
your 

Optimal 
Solution!

CBAT offers a good starting point to quickly assess suggested spec packages that 

meet an Energy Efficiency target.

Cost Benefit Analysis Tool (CBAT) Overview

Targeting Energy Efficiency, CBAT may sometimes prefer windows with mid- to high-SHGC 

(ie. between ~0.40 and ~0.70)
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Cost Benefit Analysis Tool (CBAT): NBC Tiers 2-4
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Cost Benefit Analysis Tool (CBAT): NBC Tiers 2-4
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Cost Benefit Analysis Tool (CBAT): NBC Tiers 2-4
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Volta Snap Tool

20

• A new user interface for Hot2000

• Additional features beyond Hot2000

• Easy for energy advisors to show 

packages (ie. SB12 A3, 

ENERGYSTAR, NetZero…)

• For new homes and retrofits

20
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Volta Snap Tool

21

• A new user interface for Hot2000

• Additional features beyond Hot2000

• Easy for energy advisors to show 

packages (ie. SB12 A3, 

ENERGYSTAR, NetZero…)

• For new homes and retrofits

21
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Volta Snap Tool – Parametric Analysis

22

• Can consider thousands of options 

in short order (ie. Parametric 

Analysis)

• Much easier than HTAP (Housing 

Technology Assessment Platform)

• Provides the inputs for costing with 

CBAT (Cost Benefit Analysis Tool) 20% FDWR

Climate Zone 5 (London)

22
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Volta Snap Tool – Parametric Analysis

23

20% FDWR

Climate Zone 5 (London)

23
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Tableau Dashboard for Window Comparison

24
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Tableau Dashboard

25

hover over point on 

graph to see specs
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Energy Performance of Windows

2626
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* Relative to reference house

27

Window Selection – Impact on Total Energy Consumption

1.6 U-Value 1.44 U-Value 1.22 U-Value

0.40 

SHGC

0.19 

SHGC

0.40 

SHGC

0.19 

SHGC

0.40 

SHGC

0.19 

SHGC

Energy 

Consumption 

(GJ)
105.3 114.2 102.5 109.4 98.8 105.6

% Energy 

Savings*
7.9% 0.1% 10.3% 4.3% 13.6% 7.6%

Energy Consumption compared against the NBC Reference Case

> > >

• Lower U-Values mean lower Energy Consumption

• Lower SHGC mean higher Energy Consumption
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Energy Star Windows Searchable Product List

https://oee.nrcan.gc.ca/pml-lmp/index.cfm?action=app.search-recherche&appliance=WINDOWS

https://oee.nrcan.gc.ca/pml-lmp/index.cfm?action=app.search-recherche&appliance=WINDOWS
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Impact of Window vs Insulation Upgrades
% Energy Savings for Each Upgrade Relative to Reference House

• For a home with a high FDWR (20%)

• Reference house window specifications: 1.84 U-Value
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Fenestration and Doors to Wall Ratio (FDWR)

Reference FDWR

30

Double Glazed 

(U1.6,SHGC0.4) 

Window, R10 CI

Triple Glazed 

(U1.2,SHGC0.4) 

Window, No CI

30

Whole Envelope Effective R-Value
Triple Glazing vs R10 CI Sheathing
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SHGC and HVAC

3131
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CSA 

F280-12 

Design 

Loads

1.6 U-Value 1.44 U-Value 1.22 U-Value

0.40 

SHGC

0.19 

SHGC

0.40 

SHGC

0.19 

SHGC

0.40 

SHGC

0.19 

SHGC

Heat Loss 

(btu/h)
39,544 39,899 38,348 38,052 36,701 36,555

Heat Gain 

(btu/h)
30,185 20,653 29,952 20,293 29,631 20,001

CSA F280-12 Design Heat Loss Heat Gain (btu/h) for Various U-Values & SHGC

32

Cooling Equipment Sizing – Impact of SHGC

> > >

• Lower U-Values mean lower Heat Loss (ie. Heating demand)

• Lower SHGC mean lower Heat Gain (ie. Cooling demand)
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U 1.6 Low Gain

0.19 SHGC

20,653 btu/h

U1.6 Mid Gain

0.4 SHGC

30,185 btu/h

Early decision to limit windows to low solar gain helps control cooling loads

Almost 1 ton of cooling load difference!

Impact of Solar Heat Gain – Cooling Load
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3

4

Base (Typical) Window 

(U1.6, ER 25, SHGC~0.45)

Design Heat Loss = 41,821 BTU/hr

Design Heat Gain = 44,382 BTU/hr

Duct Size: 28x10

4 Ton ASHP / AC

Design Heat Loss = 34,791 BTU/hr

Design Heat Gain = 25,561 BTU/hr

Duct Size: 24x8

2.5 Ton ASHP / AC

High Performance Window Product 

(U0.9, SHGC 0.20)

34

Impact on Cooling and Duct Sizing
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Carbon Emissions

3535
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Code Window

1.84 U-Value, 0.26 SHGC

1.6 U-Value,

0.4 SHGC

1.44 U-Value,

0.4 SHGC

1.22 U-Value,

0.4 SHGC

4.6 4.0 3.9 3.7

Annual Operational Carbon Emissions (tonnes CO2e/yr) for Various U-Values

36

Operational Carbon Emissions

Double Glazed Triple Glazed
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Upfront Embodied Carbon Emissions

54.9 m2 Window Area and 20% FDWR

Frame Material Vinyl Wood

Embodied 

Carbon

(Tonnes CO2e)

4.72 3.95

Impact of frame material selection

-16.3%
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Upfront Embodied Carbon Emissions

• Frame material does not define energy 

performance

• Data from manufacturer is required

• Choice also impacts aesthetics and cost
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Upfront Embodied Carbon Emissions

54.9 m2 Window Area and 20% FDWR

Glazing 

(Vinyl Frame)
Double Triple

Embodied 

Carbon

(Tonnes CO2e)

4.72 5.43

Impact of glazing selection

+15%

+0.71 tCO2e
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Carbon ROI: Operational vs Embodied

Window Type
Embodied

tCO2e

Operational

tCO2e

Double glazed vinyl 

(U 1.61, 0.26 SHGC)
4.72 4.6

Triple glazed vinyl

(U 1.22, 0.4 SHGC)
5.43 3.7

+0.71 tCO2e -0.9 tCO2e/yr

54.9 m2 Window Area and 20% FDWR

<1 year “return” on carbon investment
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Year 0: 

Embodied 

carbon 

emissions 

of windows
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Comfort

4242
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• Choice of windows can greatly impact the perceived comfort in the home.

• High U-value (lower energy performance) can make for more heat loss and discomfort in 
the winter

• Radiant heat loss causes the heat transfer from the occupant's skin to the cold surface, 
‘pulling’ the heat away faster as you get closer to the surface

• High SHGC allows much more heat from the sun through

• Causes overheating of surfaces

• Combined with lots of insulation  = Overheating in rooms/areas with lots of windows

4343

Comfort
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Comfort ASHRAE 55

Let’s Start with Defining 

Comfort

• Air temperature

• Humidity

• Air speed

• Surrounding surface 

temperature

• Gender, age

• Metabolic rate % clothing
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Comfort ASHRAE 55

Comfort Variables

The human body transfers 

energy (heat) by:

• 15% humidity / perspiration

• 35% convection / 

conduction to air

• 50% radiation to 

surrounding surfaces
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ASHRAE 55 and Windows Zone 5-6

• 1m from glass, patio door

• Winter: Acceptable room side glass/wall surface threshold temp= 57F or 14C

• Summer: Discomfort from any hour/elevation with solar gain greater than 70 btu/hr·ft²·°F

Single, metal frame

• Winter: 3000+ hrs of discomfort

• Summer: 300+ hrs of discomfort

Double 1.4 -1.6U, insulated, SHGC 0.55

• Winter: 500+ hrs of discomfort

• Summer: 75+ hrs of discomfort

Triple 1.2>U, insulated, SHGC 0.22

• Winter: negligible

• Summer: negligible

46

Thermal Comfort & Window Ratings
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www.cardinalcorp.com/technology/applications/comfort-
calculator/

Cardinal Glass Industries 

“Comfort Calculator”

47

Thermal Comfort & Window Ratings

https://www.cardinalcorp.com/technology/applications/comfort-calculator/
https://www.cardinalcorp.com/technology/applications/comfort-calculator/
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Comfort Demo – Winter with Code Windows
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Comfort Demo – Winter with Code Triples
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Comfort Demo – Summer with High SHGC
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Comfort Demo – Summer with Low SHGC
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Windows & Humidity Optimization

Healthy Interior Humidity

• Summer 45%  RH +-5%

• Winter 35% RH +-5%

Condensation resistance of 
window in cold climates ?
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Climate Adaptation & Windows

Changes to

• Driving Rain Wind Pressures 1/5

• Moisture Index

• 1 Day Rain (1/50): 15 minute

• Heating degree Days

• January Design Temps 1%/2.5%

"Approach to Update Climatic Design Data for climate 
change in the NBC and NECB " National Research 
Council 2023
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Climate Adaptation & Windows

Potential Design Implications

• CSA A440.4/.6 updates e.g. height of back dam

• Required use of Capillary break between 1st and 

2nd plane of protection (increased drainage 

space depth and coverage)

• Reduce window / glazing Solar Heat Gain SHG 

through use of additional LowE coating and/or 

exterior shading devices

• Mechanical systems that provide life-safety 

cooling (AC/ASHP) of both sensible and latent 

(dehumidification) loads

"Approach to Update Climatic Design Data for climate change in the NBC 
and NECB " National Research Council 2023
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• All of these strategies we’ve been discussing will help us to adapt our buildings to more extreme 
weather

• Better enclosures including windows to keep the heat in/out

• Low solar heat gain windows to keep the heat out

• We may have to think about more strategies to maximize the passive survivability*

• Overhangs

• Operable windows

• Passive ventilation

• Performance simulations to determine ‘hours of safety’

Passive Survivability: A buildings ability to maintain critical, life support systems and 
interior conditions wherein occupants can survive during operational power outages that 
coincide with extreme temperature conditions e.g. heat "dome".

5757

Climate Adaptation
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Bldg 1 - 36h 

Summer 

Max. (30C)

Bldg 2 - 36h 

Summer 

Max. (41C)

Bldg 2 - 36h 

Winter Min.        

(-8C)

Bldg 1 - 36h 

Winter Min.  

(10C)

58

Difference in Building Design and Climate
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Window Selection for Homes
SCENARIO: Window selection for 2 storey 2700 ft2 home with 20% FDWR in climate Zone 5

3. Total Cost +Availability

Consider

❑ Energy Model Building-Whole-

home impact

❑ Air tightness/Blower Door Test 

impact –Slider vs casement

❑ Operational Carbon Impact

❑ Embodied Carbon Impact

Building Code

❑ WWR 

❑ U value or ER Occupant Comfort

❑ Orientation / WWR

❑ SHGC (high/mid/low)

❑ R value(U) Warm surface

❑ Condensation resistance HVAC 

Right Sizing Equipment and 

Delivery

❑ U + SHGC

❑ Orientation + Overhangs/shading

2. Energy + Carbon

Total Cost

❑ Install Cost – Including opening prep 

and flash

❑ Impact on HVAC equipment size 

and duct system size

❑ Impact on customer satisfaction and 

warranty e.g. condensation or 

comfort calls

❑ Other...

1. Performance
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Design Detailing & Installation for Durability: 

New CSA A440

Subject Matter Expert

6060
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VIDEO: Installation Demonstration and Test

Subject Matter Expert

6161
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Video Overview

• Installation of a flanged window into a rough opening

• Demonstration of flashing sequencing and materials

• Window installation demo using 2 methods:

• CSA A440 (minimum base)

• Modified AAMA 100A (higher exposure alternative)

• Windows subjected to ASTM E331 Applied Wind and Water test

• Brief overview of any observed failures or weaknesses.
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VIDEO: Installation Demonstration and Test

6363
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Video Summary

• Confidence in CSA A440

• Demonstration of flashing sequencing and materials

• Consideration of augmentations for improved performance

• Good/better/best materials

• Cost-benefit of additional materials & time vs. warranty call-backs/risks
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Feedback

Please take a few minutes to provide some

feedback that is valuable to improving this

session in the future. Please scan this QR

code and answer the survey questions on

your phone or tablet. Thank you! 



© His Majesty the King in Right of Canada, as represented by the Minister of Natural Resources, 2024.

Thank You
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