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Energy Use & Greenhouse Gas Emissions

Buildings…

#1 contributor to greenhouse gas emissions causing � #1 contributor to greenhouse gas emissions causing 
global warming

Amount to over 40% of US greenhouse gas emissions� Amount to over 40% of US greenhouse gas emissions

� Up to 50% of energy used in US buildings is for 
heating & coolingheating & cooling

� 40% of energy used for heating & cooling US 
buildings results from air leakage losses - US DOE

Continuously Insulated 

Assemblies

buildings results from air leakage losses - US DOE



Energy Use in Perspective

Cost of Building

Design Construction Operation & Maintenance Other

Cost of Building

Ownership
23% 65% 10%2%

Residential Energy Use

H2O
Heating Space Heating

Refrigeration

11% 12% 19% 58%

Appliances
& Lights

Cold climate; inefficient shell & 11% 12% 19% 58% Cold climate; inefficient shell & 
heating system

US DOE

Energy Data

Air LeakageSpace Heating

40%60%
Energy Data



Codes & Standards

� Energy Policy Act of 1992

• States’ codes must be at least as stringent as ASHRAE 90.1-• States’ codes must be at least as stringent as ASHRAE 90.1-
89, and DOE can require States to update their energy 
codes as 90.1 is updated.

� ASHRAE 90.1

• 2010 Version goal is 30% energy savings over 2004 
versionversion

• 2010 Version has been adopted by British Columbia 
Building Code in December 2014.Building Code in December 2014.
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Codes & Standards

� 2011 National Energy Code of Canada

• 25% more efficient than MNECB 1997• 25% more efficient than MNECB 1997

� Awareness and enforcement increasing.
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Codes & Standards

� Alberta’s codes are changing.

Prescriptive Energy Code Requirements For Above 

Ground Opaque Building Assemblies, For Calgary 

(zone 7A)

U Value 

(W/m2K) R.S.I. R

Walls 0.21 4.8 27Walls 0.21 4.8 27

Roofs 0.162 6.2 35

Floors 0.162 6.2 35
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2030 Challenge

� 2030 Challenge

• New buildings to reduce fossil fuel use by:

◦ 70% in 2015

◦ 80% in 2020

• New buildings to reduce fossil fuel use by:

• Adopted by US Conference of Mayors, AIA, USGBC, 
ASHRAE…

80% in 2020

◦ 90% in 2025 ◦ Carbon Neutral in 2030

ASHRAE…
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2030 Challenge

� 2030 Challenge

In case we think this is difficult, lets look at 
historic energy usage:

Source: Energy Information Administration, 2003 Commercial Buildings Energy Consumption Survey,

http://www.eia.gov/consumption/commercial/data/2003/index.cfm?view=consumption#c1a
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� Applying 
greater amounts greater amounts 
of insulation 
during initial 
construction is construction is 
the least capital 
intensive GHG 
abatement abatement 
measure.   
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Building Envelope

� A well-designed envelope:A well-designed envelope:

• improves durability

• reduces heating & cooling 
requirementsrequirements

• enables use of smaller 
heating & cooling systemsheating & cooling systems

� Primary goal to reduce heat 
transfer through increased transfer through increased 
levels of insulation and air-
tightness
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Heat Flow

� Heat flows from regions of higher temperatures to 
regions of lower temperatures.regions of lower temperatures.

� Modes of heat flow:

• Conduction – Transfer of heat through direct contact• Conduction – Transfer of heat through direct contact

• Convection – Transfer of heat due to the movement of gas 
or liquid over a surface (air movement)

• Radiation – Transfer of heat from one object to another 
due to electromagnetic waves
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Conduction

� Materials that conduct heat well are called 
conductorsconductors

• Metal is a good conductor

• High U-values / low R-values• High U-values / low R-values

� Materials that do not conduct heat well are called 
insulatorsinsulators

• Foamed plastic, batt insulation are 
good insulatorsgood insulators

• Low U-values / high R-values
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Thermal Resistance

� Thermal resistance is a measure of heat flow.  Under 
uniform conditions, it is the ratio of the temperature uniform conditions, it is the ratio of the temperature 
difference across an insulator and the heat flux (heat flow 
per unit area)

In construction, thermal resistance is typically expressed � In construction, thermal resistance is typically expressed 
as R-value (ft2•ºF•h/Btu)

U-value (Btu/ft2•ºF•h) is the reciprocal of R-value� U-value (Btu/ft2•ºF•h) is the reciprocal of R-value

� The conversion between SI and US units of R-value is 
1 h·ft2·°F/Btu = 0.176K·m2/W, or 1 K·m2/W = 5.68 1 h·ft2·°F/Btu = 0.176K·m2/W, or 1 K·m2/W = 5.68 
h·ft2·°F/Btu.
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Assembly R-values

� R-value:  heat transfer rating of the insulation

Total assembly R-values typically less than insulation� Total assembly R-values typically less than insulation
R-values, due to parallel heat flows through more 
conductive materials (wood/metal studs, window/door frames, floor 
structures)structures)

� In light-gauge steel-framed assemblies, parallel heat 
flows through steel studs can reduce R-value by more than flows through steel studs can reduce R-value by more than 
half!

Example:  Steel Framed Wall Assemblies

Steel framing 16” on centre
+ 3.5” R-15 cavity insulation

Effective Insulation R-value = 6.0

Steel framing 24” on centre
+ 6.0” R-19 cavity insulation

Effective Insulation R-value = 8.6
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� Occurs through thermally-

Parallel Heat Flow Through Metal Framing

� Occurs through thermally-
conductive parts of assembly

• Studs, tracks

• Floor, slab & roof connections

• Structural members

Cladding support• Cladding support

� Effects

• Reduces effective R-value; • Reduces effective R-value; 
more insulation needed to 
achieve required R-value

• Cold or warm spots that can 
cause stud shadowing and 
lead to condensation
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Calculating Effective R values (U)

� Effective R-value (Reff)of an assembly is calculated by 
area, averaging the R-values of the various components area, averaging the R-values of the various components 
that are parallel and adding the R values that are in 
series

Calculating system R-value is same as an electrical circuit � Calculating system R-value is same as an electrical circuit 
(series and parallel relationship)

Series circuit: R +R +R = R Series circuit: R1+R2+R3 = R total

Parallel circuit: R2 = 1/(Aix1/Ri+Asx1/Rs) , 
where Ri is insulation, Rs is stud, A represents where Ri is insulation, Rs is stud, A represents 

areas
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Example:  Standard Steel-Frame Wall

Element R (Insul) R (Framing)

1. ½” gypsum 0.45 0.45

2. 3 ½” batt Insulation 13.0 -

3. Steel framing - 0.68

4. ½” gypsum 0.45 0.45

R1=13.9 R2=1.58

Uavg = 0.92(1/13.9) + 0.08(1/1.58) = 0.117

Ravg = 1/Uavg= 8.6   (ASHRAE Value Ravg = 8.1)

• Window and door openings, corners, etc. contain more framing and further reduce 
effective R-value
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Exterior-Insulated Steel-Frame Wall

• cladding

Conventional assembly

• cladding

• 3” vertical Z-girts

• 2-½” rigid insulation (R-12.5)• 2-½” rigid insulation (R-12.5)

• self-adhesive membrane

• exterior gypsum sheathing Reff = 6.51
• steel framing

• interior gypsum wall board

Reff = 6.51

Attachment girts penetrate exterior 
insulation, causing thermal bridgesinsulation, causing thermal bridges

Exterior Insulation ≠ Continuous Insulation
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What is Continuous Insulation?

Continuous insulation is defined by 
ASHRAE as follows:

“continuous insulation (c.i.): 
insulation that is continuous 
across all structural members across all structural members 
without thermal bridges other 
than fasteners and service 
openings. It is installed on the openings. It is installed on the 
interior, exterior, or is integral to 
any opaque surface of the 
building envelope.”building envelope.”
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Seattle Definition of CI

� Seattle revised their energy code in November 2010 and 
added commentary to the definition of Continuous Insulation added commentary to the definition of Continuous Insulation 
as follows: 

� ”CONTINUOUS INSULATION (c.i.): Insulation that is continuous across all structural members 
without thermal bridges other than fasteners (i.e. screws and nails) and service openings. It is installed 
on the interior or exterior or is integral to any opaque surface of the building envelope. For the 
purposes of this definition of continuous insulation, only screws and nails are considered 
fasteners. Insulation installed between metal studs, z-girts, z-channels, shelf angles, or insulation with fasteners. Insulation installed between metal studs, z-girts, z-channels, shelf angles, or insulation with 
penetrations by brick ties and offset brackets, or any other similar framing is not considered continuous 
insulation, regardless of whether the metal is continuous or occasionally discontinuous or has thermal 
break material. (See Section 1332 for determination of U-factors for assemblies that include metal 
other than screws and nails.)”

� “Even isolated discontinuous metal elements such as brick ties have a thermal impact that is too large to 
be ignored.”be ignored.”
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Continuous Exterior-Insulated Wall

•cement board / metal / stucco

CI-compliant assembly

•cement board / metal / stucco

•1x4 plywood furring

•2-½” insulation (R-12.5)•2-½” insulation (R-12.5)

•building wrap

•exterior gypsum sheathing•exterior gypsum sheathing

•2x6 steel framing

•interior gypsum wall board

Reff =15.46
•interior gypsum wall board

•vapor retarder Bridging effect of fastener 
penetrations is considered negligible

True continuous insulation
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Continuous Insulation (CI)

� No framing or other significant thermal conductors passing 
through the insulation (fasteners can be ignored)through the insulation (fasteners can be ignored)

� Reff of insulation layer is 
rated R-value

� Reff of wall assembly can 
be very high if combined 
with insulation in framing with insulation in framing 
cavity (add layers)
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Benefits of Continuous Insulation

� Advantages of using a CI assembly:

• Maximizes thermal efficiency; Reff = nominal R-value• Maximizes thermal efficiency; Reff = nominal R-value

• Less insulation needed to meet required U-value

• Installed on exterior, keeps wall assembly warmer (in • Installed on exterior, keeps wall assembly warmer (in 
heating climates), reducing risk of condensation

• Eliminates thermal shorts
(bridging)(bridging)

• Improves occupant comfort

• Reduces material costs• Reduces material costs

• Can reduce labor costs

Continuously Insulated 

Assemblies



ASHRAE and Energy Codes

� ASHRAE 90.1 Requires CI in steel-
framed walls in almost all climate framed walls in almost all climate 
zones for prescriptive option.  
Residential occupancy has more 
stringent CI requirements.stringent CI requirements.

Zone 3: >= 6000 HDDs
Zone 2: >= 3500 to < 6000 
HDDsHDDs
Zone 1: < 3500 HDDs

Picture copied from the NRC website.
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ASHRAE & Energy Codes – Example 1

� Table 5.5-5 (Zone 5) 
required min. R-value 
is R-13+R-7.5 c.i. for is R-13+R-7.5 c.i. for 
steel-framed 
residential & non-
residential wallsU=0.064 orresidential wallsU=0.064 or

Reff = 15.6

� R-value of R-13 + R-7.5 c.i.  is 
equivalent to a 2x4 steel stud with 

1-½”

equivalent to a 2x4 steel stud with 
R-13 batt insulation & 1-½ inches of 
Type 4 (XPS) rigid foam insulation

Continuously Insulated 

Assemblies



ASHRAE & Energy Codes – Example 2

� Table 5.5-7 
states required 
minimum R-minimum R-
13.0+R-15.6 
c.i. for 
residentialU=0.042residential
(Zone 7)

U=0.042

Reff = 23.8

� R-13.0 + R-15.6 CI is 
equivalent to a 2x4 steel 
stud with R-13 batt insulation 

3”

stud with R-13 batt insulation 
& 3 inches Type 4 (XPS) rigid 
foam insulation
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Considerations

� Reff and thermal bridging often misunderstood

Many steel-framed buildings do not include continuous � Many steel-framed buildings do not include continuous 
insulation

� Most exterior-insulated cladding systems are interrupted � Most exterior-insulated cladding systems are interrupted 
by framing members

� Some cladding systems (e.g. EIFS)Some cladding systems (e.g. EIFS)
do comply with the c.i. definition

� Fasteners do reduce thermal
performance.performance.
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Thermally Bridged Assemblies

� Typical exterior insulated 
systemsystem

• Steel framing members 
penetrate through spray-
applied urethaneapplied urethane

• Framing used to attach 
cladding, significantly cladding, significantly 
reducing R-value
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Thermally Bridged Assemblies

• Typical aluminum composite 
panel exterior installation 
system.  Anchoring of panels system.  Anchoring of panels 
with metal framing through 
mineral wool insulation reduces 
effective R-value.effective R-value.
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Discussion on efficient non-ci systems

� U value is rating of the assembly while R value is rating 
of the insulation.of the insulation.

� Meeting U value requirements can be done with different 
assemblies and details and still conform to the 
prescriptive path.   prescriptive path.   
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Engineered Assemblies T-Clip

� Discreet aluminum clip with 
thermal break holds 
horizontal light gauge metal horizontal light gauge metal 
z-girts.

� Adjustable in and out.� Adjustable in and out.

� Vertical hat tracks installed 
over to accommodate panel over to accommodate panel 
fastening.

� Used with spray foam or 
mineral wool.mineral wool.

� U = 0.061 (16.4eff) with 4 
inches of mineral wool
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KWS MFI System

� Discreet steel clip with 
thermal isolators holds metal thermal isolators holds metal 
C-channels off wall.

� Channels can be installed � Channels can be installed 
horizontally or vertically

� Adjustable in and out.

� Use with spray foam or 
mineral wool

U= 0.058 (17.2 R ) with 4 � U= 0.058 (17.2 Reff) with 4 
inches of mineral wool
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Cascadia Isolator

� Discreet fibreglass clip holds 
metal Z bar off wall.metal Z bar off wall.

� Use with spray foam or 
mineral woolmineral wool

� U = 0.064 (15.7Reff) with 4 
inches of mineral wool
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Dow/Knight Wall System

� Includes thermal, air, vapour 
and moisture barrier as well and moisture barrier as well 
as cladding mounting system.

� Complies with definition of 
Continuous Insulation (CI)Continuous Insulation (CI)

� Consists of faced polyiso 
insulation, closed cell insulation, closed cell 
polyurethane spray foam and 
facers.  Exterior framing 
creates the rainscreen and creates the rainscreen and 
allows for attachment of 
cladding.
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Exterior  Mineral Wool CI Insulation

• Conventional insulated 
2x6 wall with batt 2x6 wall with batt 
insulation and plywood 
sheathing.

Covered with building • Covered with building 
wrap, 4” of mineral 
wool and treated 
furring strips for  furring strips for  
mounting siding.



Everett Fire Hall, Washington

• Replacement of failed face sealed EIFS cladding system 
with an exterior insulated rainscreen cement board and 
metal cladding assembly. 

• Conventional insulated 
2x6 wall with batt 

metal cladding assembly. 

2x6 wall with batt 
insulation and plywood 
sheathing.

Covered with building • Covered with building 
wrap, 2” of XPS and 
treated plywood furring 
strips at 16” ocstrips at 16” oc

• Effective R-28.
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Everett Fire Hall, Washington

• Building wrap detailed as primary air barrier but detailed 
to shed to exterior.

• Face of insulation acts as 
moisture barrier. Building 
wraps strips installed in wraps strips installed in 
horizontal joints to shed to 
exterior.

• Furring is thick enough to 
satisfy manufacturer’s 
nailing requirements and nailing requirements and 
rigid to transfer dead and 
wind loads to insulation.
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Everett Fire Hall, Washington

• 1x3 borate-treated 
plywood furring 
strips.strips.

• 4-½” corrosion-
resistant wood resistant wood 
screws.

• Siding and trims 
nailed to furring.nailed to furring.
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Burien Town Square, Washington

• New 7 storey condominium 
building.building.

• Exterior insulated rainscreen 
cement board, metal, stucco 
and brick claddings.and brick claddings.

• 2x6 steel stud back-up wall 
covered with fibreglass covered with fibreglass 
reinforced gypsum sheathing.

• 2-½” Type 4 (XPS) rigid 2-½” Type 4 (XPS) rigid 
insulation with no cavity 
insulation, Reff = 15.5
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Burien Town Square, Washington

• Face of insulation detailed as the 
moisture barrier.  Joints are taped 
and details shed over insulation.and details shed over insulation.

• Building wrap detailed as air 
barrier but detailed to shed barrier but detailed to shed 
moisture to exterior.

• 1x4 borate-treated plywood 
furring strips screwed to steel stud furring strips screwed to steel stud 
walls with 5” self-tapping roofing 
screws.

• Siding systems nailed to plywood 
furring.
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Hugh Bird Residence, Vancouver

• Restoration of failed face-sealed stucco wall assembly with 
new exterior insulated rainscreen  stucco, new windows and 

• Wall assembly includes new 

new exterior insulated rainscreen  stucco, new windows and 
roofing.

Wall assembly includes new 
drained stucco over vertical 
metal furring. 

• Metal furring installed over 3” • Metal furring installed over 3” 
XPS insulation.

• 2x4 steel stud infill wall with 2x4 steel stud infill wall with 
fibreglass-faced gypsum 
sheathing.
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Hugh Bird Residence, Vancouver

• Self adhered membrane installed 
over the sheathing acts as the air, 
vapour and moisture barriers.  vapour and moisture barriers.  

• Insulation detailed as moisture 
shedding surface.shedding surface.

• Galvalume Z-girt furring channels 
transfer cladding weight and 
wind loads back through insulation wind loads back through insulation 
to steel stud wall.  
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Hugh Bird Residence, Vancouver

• Building was instrumented in six 
locations to measure cladding 
movement, temperature, humidity movement, temperature, humidity 
and heat loss.

• Data collection in initial stages.• Data collection in initial stages.

• Deflection measured in x, y and z 
direction to 0.1mm.  Data 
analysis underway.analysis underway.
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Applied to Residential Construction

• Applying continuous 
insulation to the exterior of insulation to the exterior of 
homes is an easy way to 
improve thermal 
performance of walls.performance of walls.

• Plywood furring air nailed 
through to sheathing.  Siding 
conventionally air nailed to conventionally air nailed to 
furring strips.
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Applied to Residential Construction

• Insulation can improve air 
tightness and warm sheathing, tightness and warm sheathing, 
reducing condensation potential.

Continuously Insulated 

Assemblies



High School Re-cladding, Prince Rupert

• Original assembly was 2 by 6 
steel stud with batt insulation 
Reff=9.17Reff=9.17

• New assembly includes 4 inches 
of exterior mineral wool insulation of exterior mineral wool insulation 
with girts mounted on the 
Cascadia fibreglass clip 
Reff=15.7Reff=15.7

• Installed over a continuous air, 
vapour and moisture barrier.
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QUESTIONS?QUESTIONS?
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