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Building energy regulations have been changing quite 
quickly across Canada to meet the mandates of 
governments to reduce energy consumption and 
greenhouse gas emissions. Canadian model energy 
codes including the National Building Code of Canada 
(NBCC)—9.36. Energy Efficiency and the National 
Energy Code of Canada for Buildings (NECB) have 
been incrementally raising energy efficiency 
requirements, moving towards being net-zero energy 
ready. The Government of British Columbia enacted 
the Energy Step Code in 2017, so new construction 
will reach net-zero energy ready by 2032. The 
Canadian Home Builders Association (CHBA) has 
recently launched its Net Zero Home Labelling 
Program, providing two-tiered technical requirements 
for Net Zero and Net Zero Ready Homes. 

Most of the Canadian energy codes and programs 
take an “envelope first” approach, as reducing heat 
transmission and air leakage through the building 
envelope is the most effective method to minimize 
energy loss. For example, the City of Vancouver 
requires RSI 3.85 (R22) effective for walls of 
residential buildings up to six storeys and mandatory 
airtightness testing.  

Industrialized construction brings a revolution to the 
construction sector by mass producing panelized 
assemblies and modular units, which are able to 
provide higher levels of thermal insulation and 
airtightness, along with improved construction quality 
and efficiency, and a solution to labour shortages in 
the construction industry. 

This document has been developed to facilitate 
industrialized construction for wood-based building 
envelopes (exterior wall, roof) to meet increased 
energy efficiency requirements. 

Building Envelope Systems 
The building envelope physically separates the exterior 
from the interior environment(s) and helps maintain a 
controlled and healthy indoor environment, together with 
the heating, ventilation, and air conditioning systems. 
Controlling heat, air, vapour, and moisture movement, the 
envelope forms a key passive design element of an energy-
efficient building. It must also remain durable and climate-
resilient to maintain long-term structural integrity and 
reduce maintenance costs by minimizing moisture ingress 
and facilitating drying.  

Industrialized construction methods allow for the building 
envelope to be partly prefabricated off-site in a factory. 
This includes panelized construction, where structural 
framing panels with optionally other components are 
prefabricated, and modular construction, where whole 
building units are prefabricated. Final assembly is then 
finished on-site.  

Figure 1 gives the example of a wood-frame exterior wall 
assembly with descriptions of the major components and 
their functions below. In panelized construction, the wood 
framing of exterior wall and roof assemblies is usually 
manufactured by computer numerical controlled (CNC) 
machines. However, the non-structural components shown 
in Figure 1 are typically installed manually, even in a 
factory. Modular construction provides the highest level of 
prefabrication, where only the connection and sealing 
between modules are left to the construction site. 
However, modules are primarily manually built in Canadian 
factories. 
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Figure 1. Typical control layers within a split-insulated exterior wall 
assembly. 

• Water-shedding surface is typically provided by 
cladding or siding. It is the first plane of protection 
against mother nature. 

• Water-resistive barrier (WRB) typically consists of a 
water-resistant membrane that is installed inboard of 
the cladding to control water that gets past the 
cladding. It must remain continuous throughout the 
building envelope through appropriate interface 
detailing at various joints and penetrations. Materials 
are used to impede liquid water but allow some degree 
of water vapour diffusion to facilitate drying to the 
exterior in cold climates. 

• Drained and vented/ventilated cavity (rainscreen 
cavity) is typically created using furring in wood-frame 
construction. The air cavity is effective in managing 
exterior moisture through capillary break, drainage, 
and ventilation. It is required by Canadian building 
codes in damp areas (e.g., coastal climates). It becomes 
important for highly insulated envelope assemblies to 
better manage moisture in all climates. 

• Air barrier is employed to minimize movement of bulk 
air through the building envelope. Detailed and sealed 
properly at joints and penetrations, an air barrier 
system can be provided by the WRB membrane, the 
exterior wood sheathing, rigid exterior insulation (e.g., 
extruded polystyrene (XPS)), an interior vapour control 
membrane (e.g., Poly) when present, or the interior 
drywall. Air barrier material is defined by the building 
code with an air permeability less than 0.02 L/(s·m2) 
(0.004 cfm/ft2) at 75 Pa of pressure difference. Air 

barrier plays an important role in improving durability, 
sound/flame separation, and indoor air quality. 

• Vapour control layer (vapour barrier, or vapour 
retarder) is in a cold climate typically located on the 
interior side of the building envelope to reduce vapour 
diffusion from the indoor living space into the building 
envelope. Polyethylene (Poly) sheeting is a traditional 
combined vapour/air barrier commonly used in 
Canadian climates. Canadian building codes specify a 
vapour barrier material with a dry-cup vapour 
permeance below 60 ng/(Pa·s·m2) (about 1 US perm). 
Research suggests extra caution is required when 
specifying a vapour-retarding paint for a highly 
thermally efficient building envelope (Wang, 2021). 

• Thermal insulation may include interior and exterior 
insulation, as elaborated below. 

Building Envelope Thermal Requirements and 
Thermal Calculations 
For large buildings, both the NECB and the ASHRAE 90.1 
standards provide three paths for compliance: prescriptive, 
trade-off, or whole-building energy simulation. Table 1 
summarizes the prescriptive thermal insulation 
requirements for exterior walls and roofs based on the 
2015 NECB, with the thermal resistance expressed in both 
effective RSI ((m²·K)/W) and R-value (R-value = RSI × 5.678, 
hr ·ft²·°F/Btu). 

Thermal calculations are required by the energy codes to 
consider the thermal bridging caused by framing. A simple 
heat flow calculation based on a combination of the 
isothermal plane method and the parallel-path flow 
method is often used for wood-based building assemblies, 
given the low conductivity of wood, with a calculation 
example shown in Figure 2. Detailed information (e.g., 
typical framing ratios, material thermal resistance) for 
calculations can be found in the appendix of NBCC-9.36. 
Some prefabrication manufacturers may use framing 
patterns different from conventional framing, which may 
change the framing ratios for thermal calculations. For 
example, when advanced framing is built, the framing ratio 
is typically smaller due to reduced thermal bridging. 

Note: an assembly based on steel would require more complicated 
calculations due to the much higher thermal bridging involved.
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Table 1. The minimum effect R- and RSI value (in parenthesis) requirements for exterior wall and roof assemblies, by climate 
zone and heating degree day (HDD) (NECB 2015). 

Climate zone: HDD (°C) Representative cities R-value (RSI) for 
above-grade walls 

R-value (RSI) for 
roofs 

Zone 4: <3000 HDD Victoria, Vancouver 18.0 (3.17) 25.0 (4.41) 
Zone 5: 3000 to 3999 HDD Toronto 20.4 (3.60) 31.0 (5.46) 
Zone 6: 4000 to 4999 HDD Ottawa, Montréal, Halifax  23.0 (4.05) 31.0 (5.46) 
Zone 7a: 5000 to 5999 HDD Calgary, Winnipeg, Saskatoon, Québec City 27.0 (4.76) 35.0 (6.17) 
Zone 7b: 6000 to 6999 HDD Whitehorse 27.0 (4.76) 35.0 (6.17) 
Zone 8: >7000 HDD Yellowknife 31.0 (5.46) 40.0 (7.04) 

 

 

Figure 2. Calculation of the effective R-value of a wood-based wall assembly based on the isothermal plane method and the parallel-path flow 
method (*it assumes 10 mm vented air space; **an example of exterior insulation).

The movement of air through gaps in the building envelope, 
whether an inevitability of the chosen connection design or 
due to incorrect detailing, can be a significant source of 
heat loss during the winter or heat gain during the summer, 
especially in well insulated buildings. The Canadian model 
energy codes do not have mandatory requirements for 
airtightness testing; but the BC Energy Step Code, R-2000, 
Passive House, and Net Zero all require on-site testing to 
confirm compliance. The Passive House standard, requiring 
air leakage below 0.6 ACH@50 Pa, has the most stringent 
requirement. 

Thermal Insulation Strategies and Methods 
With a wide range of insulation materials available, the 
following two insulation strategies are commonly used to 
achieve thermally efficient wood-based walls and roofs, 
depending on structural framing and insulation location. 
Figure 3 illustrates a few examples of wood-based 
wall assemblies. 

Interior-insulated means the insulation is located solely 
inboard of the exterior sheathing, typically within the 
framing cavity (Figure 3a). Interior insulation uses batt 
insulation based on glass fibre, stone wool, or wood fibre; 
loose-fill insulation (e.g., cellulose, mineral fibre); and open-
cell and closed-cell spray foam. Such assemblies are 
relatively simple with fewer components and usually the 
easiest for industrialized production. Interior insulation is 
both cost-effective and thermally efficient given the low 
thermal bridging of wood; it also minimizes the assembly’s 
thickness by utilizing inherent cavities. In terms of envelope 
performance, this solution has a weakness that the exterior 
wood sheathing, without exterior insulation, remains cold 
in cold weather; airtightness is critically important to 
minimize air exfiltration to prevent vapour condensation on 
the sheathing. 
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Split-insulated assemblies have exterior insulation located 
outboard of the exterior sheathing, in addition to interior 
insulation (Figure 3c). Exterior insulation products are 
typically water-resistant rigid/semi-rigid boards, ranging 
from stone wool, mineral fibre, wood fibre, expanded 
polystyrene (EPS), extruded polystyrene (XPS), to 
polyisocyanurate (polyiso). The ratio between outboard and 
inboard thermal resistance must be sufficiently high, as 
required by NBCC—Part 9 to prevent interstitial vapour 
condensation. Recent research confirms while exterior 
insulation keeps the exterior wood sheathing warmer and 
may consequently reduce vapour condensation potential, 
the use of low vapour permeance exterior insulation may 
cause moisture accumulation resulting from outward 
vapour diffusion or rain penetration. Related to 
industrialized construction, such assemblies are more 
challenging to use automated production due to the more 
complicated envelope design. 

In building envelope design, the selection of thermal 
insulation needs to consider several factors including 
availability, thermal values (e.g., R-value/in.), vapour 
permeance, moisture retention, airtightness, fire 
resistance, and costs. For example, exterior insulation 
products are typically more expensive than interior 
insulation products and require special cladding 
attachments, especially when there is a rainscreen cavity 
between the cladding and the exterior insulation. However, 
integrating exterior insulation typically results in a more 
thermally efficient envelope due to the higher R-values 
most exterior insulation products provide for a given 
thickness (e.g., plastic-based ones), the lower thermal 
bridging in attaching exterior insulation, and typically 
improved airtightness compared to the use of regular batt 
and loose-fill products. The type of insulation (vapour 
permeance, airtightness etc.) and its thickness may have a 
large impact on the envelope performance and should be 
carefully assessed in design. 

 

Figure 3. Options for placement of insulation in wood-based walls: 
a) a conventional wall with interior insulation; b) truss joist plus 
interior service wall; c) split-insulated wall with rigid exterior 
insulation; d) mass timber wall with exterior insulation. 

Benefits of Industrialized Construction 
Industrialized construction brings revolution to the 
construction sector by mass producing panelized 
assemblies (from open panels to closed panels) and 
modular units using manual or partial to fully automated 
production lines equipped with modern digital technology. 
It can provide the following benefits to achieve high-
performance building envelopes: 

Improved airtightness 
The CNC machinery used in industrialized construction 
provides high precision in cutting materials (dimension 
lumber, structural sheathing, and rigid foam boards). The 
controlled environment in factory and the greatly 
shortened exposure time during construction minimize 
wood dimensional changes caused by changes in moisture 
content. To ease the handling by automated machines, 
many prefabricators also use more dimensionally stable 
products, such as engineered wood products (e.g., 
laminated strand lumber) for wall studs and plates. All 
these attributes can improve performance of the air 
barrier, particularly when the exterior sheathing (e.g., OSB, 
plywood) is used as the major air barrier. 
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High energy efficiency with rigid insulation 
The high precision in both cutting and installing framing 
members and rigid insulation in industrialized construction 
makes it feasible to utilize rigid insulation products (e.g., 
EPS, XPS) as a portion of the interior insulation for an 
exterior wall or roof assembly, when such a solution 
improves manufacturing efficiency and/or envelope 
thermal efficiency. This has been utilized by some 
prefabrication manufacturers to make relatively compact 
building envelope assemblies to meet energy requirements. 
It would not be suitable for on-site construction since 
cutting sheets of plastic foam boards into smaller pieces 
and fitting them into the wall/roof cavities creates a lot of 
waste/pollution and is also highly labour-intensive.  When 
the rigid insulation is installed between wall studs and 
structural sheathing, the impact on both the structural 
performance (e.g., lateral) and the moisture-related 
performance needs to be carefully assessed to optimize the 
solution. Related to moisture-related performance, many 
rigid plastic insulation products have low vapour 
permeance, often qualifying as a vapour barrier; however, 
the heating-dominated Canadian climates typically require 
an interior vapour barrier to prevent wetting caused by 
outward vapour diffusion. This potential conflict needs to 
be carefully addressed in design. 

Heavier assemblies 
Highly insulated assemblies tend to use deep assemblies, 
such as double or staggered studs for walls, making them 
heavy for site build. But heavy panels/units are not a 
concern for factory production or site installation when a 
crane is used. As a great advantage, in panelized exterior 
walls, windows and doors are often pre-installed; in 
modular units, even all interior finishing and furnishing can 
be pre-installed in factory. Modular construction often 
becomes the only viable solution for remote sites. 

Controlled environment 
Factories provide a much-preferrable environment for 
installing building envelope components including air 
barrier and insulation materials. For example, blown-in 
cellulose and spray foam products can be more 
conveniently applied, also achieving the highest level of 
health and safety in a controlled environment. Exterior 
insulation is also much easier to install in factory when the 
height of a wall panel or a modular unit is typically limited 
to just one storey. 

Special Considerations for Industrialized 
Construction 
In industrialized construction, selection of building 
envelope components (membrane, insulation, siding, 
drywall etc.), and how and when to install them onto the 
wood framing needs to be carefully assessed. The level of 
prefabrication that can be achieved will depend on the 
factory capacity, resources, and skills. However, other 
factors, such as transportation methods, risk of wetting or 
physical damage, and overall costs need to be considered. 
Panels can be open (i.e., wood framing only), closed (i.e., 
including drywall and siding), or partially closed, with 
selected components pre-installed, such as the sheathing 
membrane, and a portion of or all insulation. 

Prefabricated panels and modular units must be built-in 
with sufficient protection against precipitation or physical 
damage: 

• Impact of potential wetting (i.e., rain) during transport 
and on-site installation must be fully assessed.  All 
wood components must have a moisture content 
below 19%, ideally below 15%, before any enclosure. 
Prior to leaving the factory, all closed panels and 
modular units must have a continuous and resilient 
water-resistant barrier in place to prevent wetting. 
Once severe wetting occurs, many pre-installed 
components (insulation, drywall) typically need to be 
removed for drying and remedial treatment, which is 
costly and time-consuming. 

•  Risk of damage to components of each prefabricated 
panel or modular unit during transport and site work 
must be fully assessed. Framing must be built with 
resiliency to minimize wear and tear and other 
damages. When the critical layers, such as the 
sheathing membrane and the air barrier are pre-
installed in factory, measures must be taken to ensure 
they will not be damaged, and that all joints and 
interfaces can be easily and securely made continuous 
at the site.
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Examples of Exterior Wall/Roof Assemblies 
A few wood-frame exterior wall/roof assemblies are provided below, which may be used for industrialized construction. 

Wall No. 1: Deep-stud wall (e.g., 2×8, 2×10, or use of engineered wood products) to achieve R-22 or higher. 

Wall Layer/material from exterior to interior Thickness 
(mm) 

R-value 
(RSI) 

 

Exterior air film - 0.03 
Siding (e.g., wood, vinyl)  11 0.11 
Air space, drained/vented, with strapping  10 0.15 
Sheathing membrane (e.g., plastic loose sheet) - - 
OSB/plywood sheathing  11 0.11 
2×8 framing @ 16 in. o.c.   184  

3.31 Wall cavity filled with R28 insulation (e.g., fibre glass or wood fibre batt) 184 
Polyethylene, 6 mil  - 
Drywall  12.7 0.08 
Interior air cavity, film  - 0.12 

RSI, sum 3.9 
Effective R-value 22.1 

 
Assembly description: This wall has prefabricated deep-stud cavities to accommodate thicker interior insulation to meet higher energy 
requirements. It is similar to a conventional wall and familiar among trades. The wall can be combined with an interior service cavity (e.g., ¾ 
in.) or an interior service wall (e.g., 2×4), which can be built in factory or at site, if needed to accommodate various services. 

Wall No. 2: 2×6 split insulated with permeable exterior insulation (e.g., rigid mineral wool or wood fibre insulation 1.5 in. or 
thicker) to achieve R-23 or higher. 

Wall Layer/material from exterior to interior Thickness 
(mm) 

R-value 
(RSI) 

 

Exterior air film - 0.03 
Siding (e.g., wood, vinyl) 11 0.11 
Air space, drained/vented, with strapping  10 0.15 
Exterior insulation, 1.5 in. (e.g., rigid wood fibre or stone wool, 
R4/in.) 

37.5 1.06 

Sheathing membrane (e.g., plastic loose sheet) - - 
OSB/plywood sheathing  11 0.11 
2×6 framing @ 16 in. o.c.   140  

2.43 Cavity filled with R20 batt or other type of insulation 140 
Polyethylene, 6 mil  - 
Drywall  12.7 0.08 
Interior air cavity, film  - 0.12 

RSI, sum 4.1 
Effective R-value 23.2 

 
Assembly description: The use of exterior insulation has become common for wood-frame walls to meet increased thermal requirements. It 
helps reduce the depth of wall studs and reduces thermal bridging caused by framing. Rigid mineral wool and wood fibre insulation often 
provide additional advantages for being highly vapour-permeable to facilitate drying towards the exterior in cold climates. EPS is 
also quite permeable for such an assembly. These exterior insulation products are mostly installed manually even in a factory, and furring is 
typically used to attach cladding and to create a rainscreen cavity. 
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Wall No. 3: 2×6 wall with 1 in. XPS between wall studs and sheathing to achieve R-22. 

Wall Layer/material from exterior to interior Thickness 
(mm) 

R-value 
(RSI) 

 

Exterior air film - 0.03 
Siding (e.g., wood, vinyl) 11 0.11 
Sheathing membrane (e.g., plastic loose sheet) - - 
OSB/plywood sheathing  11 0.11 
Rigid insulation, 1 in. XPS  25.4 0.88 
2×6 framing @ 16 in. o.c.   140  

2.55 Wall cavity filled with R22 insulation (e.g., glass fibre or wood fibre batt) 140 
Polyethylene, 6 mil  - 
Drywall  12.7 0.08 
Interior air cavity, film  - 0.12 

RSI, sum 3.9 
Effective R-value 22.0 

 
Assembly description: This wall has been produced by Landmark and ACQBuilt. The wall may make efficient production using automated 
production lines. The 1 in. XPS is installed between the structural sheathing OSB and the walls studs/cavity insulation to facilitate the use 
of machinery for fastening and to integrate a high R-value rigid insulation to meet increased thermal 
requirements. Siding can be directly attached to the exterior structural sheathing for most applications. However, the lack of a rainscreen 
cavity makes this wall not meet the rain control requirement in coastal climates. 

Roof No. 1: Pitched roof, vented attic (2×10 framing with R44 insulation). 

Roof Layer/material from exterior to interior Thickness 
(mm) 

R-value 
(RSI) 

 

Exterior air film - 0.03 
Asphalt shingles + underlayment  - 0.08 
OSB/plywood sheathing  19 0.19 
Air space, vented  sloped 0.10 
Roof joist, 2×10 framing @ 16 in. o.c.  235  

5.64* Cavity filled with R44 batt, loose-fill insulation  - 
Polyethylene, 6 mil  - 
Drywall  12.7 0.08 
Interior air film  - 0.11 

RSI, sum 6.23 

Effective R-value 35.3 

 
Assembly description: This sloped roof with vented attic is typical of light wood-frame construction across North America and has provided 
acceptable performance in most climates. It can be built in factory as modular units, with the insulation installed in factory or at site. High 
effective R-values can be achieved by installing batt insulation (glass fibre, stone wool, wood fibre) or blown-in glass fibre or cellulose on the 
ceiling. Raised heel trusses allow for greater insulation to meet new energy requirements. Flash-and-fill application with open- or closed-cell 
spray foam directly on the ceiling, topped with batt or loose-fill insulation, can improve both thermal insulation and airtightness. (*The 
tapered insulation at corners not taken in account in the calculation).
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Related Documents 
FPInnovations have produced an InfoNote (Lafond 2021) 
describing the results of a survey to portray and address 
challenges of the Canadian prefabricated construction 
industry. Another InfoNote (Wang 2021) has been 
published to showcase the use of prefabricated panels in 
building net-zero energy ready wood-frame multi-unit 
residential buildings in Edmonton. 

Concluding Remark 
This short document aims to provide basic information and 
recommendations on building envelope design and 
construction to facilitate prefabricating wood-
based exterior wall/roof panels and modular in 
factory for building high energy efficiency. It is not intended 
to replace professional consulting for any specific 
construction projects.
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