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Project 
Successes 
Process:

• Establishing the 
Energy Budget at 
the project 
inception became 
a huge design 
driver

Impacts: Net Zero 
Targets Achievable

• Net Zero Energy

• CaGBC Net Zero 
Carbon











Super-structure

Enclosure

Services Enclosure Support

Sub-structure

Cladding

Fabric

Renewable

Energy





































2017

ERS 80

R-2000/NZER

ERS 86-89

Net Zero

ERS 100

Attics

Walls Above
Grade

Foundation
Walls

Slab

R-40 to R-50

R-19/R22+R5 ci

R-12 to R-20

R-0

R-60 to R-80

R-24 + R10/R15 ci

R-30 to R-40

R-10 to R-15

R-60 to R-80

R-24 + R10/R15 ci

R-30 to R-40

R-10 to R-15

Airtightness:

R-12 to R-20

R-12 to R-19

R-8 to R-12

R-0

Vintage <1980

ERS 50…

















































































































Functional Layers















Functional Layers
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Functional Layers















Functional Layers















Functional Layers













Cladding

3. Thermal Control

Support

4. Vapor Control

Interior Finish

Service Distribution

1. Water Control

2. Air Control

























• Details demand the same 

approach as the enclosure.

• Scaled drawings required 

at

- change in plane

- change in material

- change in trade
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Cladding

Thermal control

Support

Finish

Water-Air Control
(Vapor permeable)

























Cladding

3. Thermal Control

Support

4. Vapor Control

Interior Finish

Service Distribution

1. Water Control

2. Air Control
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Values from 
tables

e.g. 2” x R-5/inch

U= 1/Rtotal

U = 1/11.2 = 0.089 











 Thermal bridging at 

structural penetrations



 Thermal bridging at 

structural penetrations











Find the thermal bridge

















































































R    = 20, U  = 0.3ww v

R    = 10, U  = 0.4ww v

R    = 10, U  = 0.3ww v

R    = 10, U  = 0.2ww v

R    = 20, U  = 0.2ww v

R    = 20, U  = 0.4ww v























































































Exterior insulatedInterior (stud) 
insulated)

Split (exterior & 
stud) insulated
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If leakage areas were identified, what were the most common problem 
areas?
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Drying

Wetting

Wetting

Safe Storage 

Capacity



Drying

Wetting

Wetting

Safe Storage 

Capacity



Drying

Wetting

Wetting

Safe Storage 

Capacity

Condensation

• air convection

• vapor diffusion

Rain 

•absorption

•penetration

•Drainage

•Air convection

•Evaporation-Diffusion

Built-in

Plumbing











































Air leakage

Vapour 

Diffusion

Cold = Condensation



Air leakage

Vapour 

Diffusion

Warm = 

no condensation





RATIO OF EXTERIOR TO TOTAL INSULATION NOMINAL*
R-VALUE TO CONTROL AIR LEAKAGE CONDENSATION RISK

Indoor RH
20% 30% 40% 50% 60%

Toutdoor (°C)

0 0 0.12 0.32 0.47 0.60

-10 0.23 0.40 0.54 0.64 0.73

-20 0.41 0.55 0.65 0.73 0.80

-30 0.53 0.64 0.72 0.78 0.84

-40 0.66 0.70 0.76 0.82 0.86

*prudent to assess w/ temperature dependent insulation R-value





















http://www.homedepot.ca/webapp/wcs/stores/servlet/ProductImagesView?D=935756&catalogId=10051&langId=-15&storeId=10051








The BEG Hut, University 
of Waterloo
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• North and south elevations were used for testing
• Natural weather exposure (Southern Ontario)
• Interior Conditions: 21 °C, 40% RH (winter)
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13.5” Dense-packed (4pcf) 
cellulose (CFI), 6.5” gap
between 2x4s

R-38 R-41

13” Open-cell ½ pcf
sprayfoam (ocSPF), 6” gap
between 2x4s

R-37 R-40

5” Closed-cell 2 pcf
sprayfoam (ccSPF) and 7” 
Dense-packed (4pcf) 
cellulose (CFI), 5” gap 
between 2x4s

R-38 R-40

8” EPS SIPs R-32 R-40

Effective R-value @ 
Standard 24°C

Effective R-value @ 
Cold -20°C
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Control Double-Stud Cellulose

Exterior Insulated with XPS Split Insulated with XPS



0

10

20

30

40

50

60

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct

Sh
ea

th
in

g 
M

o
is

tu
re

 C
o

n
te

n
t 

(%
)

Double-Stud Cellulose Double-Stud Cellulose + Air Leak

Split Insulated with XPS Split Insulated with XPS + Air Leak

















0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Fiberglass Clip No Through Screws

Stainless Steel Screws

Fiberglass Clip SS Screws

Galvanized Screws

Fiberglass Clip Galv. Screws

Isolated
Galvanized Clip

Stainless Steel Clip

Intermittent
Galvanized Clip

Aluminum T-Clip

Continuous
Horizontal Z-Girt

Continuous
Vertical Z-Girt

Percent Effectiveness of Exterior Insulation (Typical Range)



Longer cladding 
Fasteners directly 
through rigid 
insulation (up to 2” 
for light claddings)

Long screws through vertical 
strapping and rigid insulation 
creates truss – short 
cladding fasteners into 
vertical strapping

Rigid shear block type connection through 
insulation, short cladding fasteners into 
vertical strapping 



Vinyl, Metal, Wood Siding

Stucco

Thin Stone Veneer

Thick Stone Veneer, Very Heavy Cladding
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Code Minimum 
Insulated Low-Slope 
Roofs

Exterior Insulated+ 
(conventional or 
inverted/PMR)
• Best durability but most 

expensive
• Some challenges with 

more layers of insulation 
& detailing

• Simple design

Deeper Joist/Truss –
(vented or unvented) 
Least durable but least 
expensive
• Simple design
• Standard details with 

deeper structure

Split Insulated 
(unvented)
• Decent durability
• Moderate cost
• More complex design

Conventional

Inverted/PMR

Vented 


























































