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Buildings are a significant source of operational 
energy consumption and consequently, of greenhouse 
gas emissions. The residential sector accounts for 
about 11% of the total energy use in Canada, with 
80% of this consumed for space and water heating 
(NRCan 2020). While reducing energy use in the built 
environment is increasingly required, having an 
energy efficient home and related features has 
become consumers’ top 10 “Must Haves” based on a 
national home buyer preference study conducted by 
the Canadian Home Builders’ Association (CHBA 
2019). The most fundamental measures to reducing 
space conditioning energy use are to increase thermal 
insulation and airtightness of building envelope. 

Advanced industrialized construction methods enable 
complex building components and systems as shown 
in Figure 1 to be built with high precision and quality. 
This manufacturing technique has an advantage to 
provide cost-competitive and high energy efficient 
building components and systems for both retrofits 
and new construction. This document gives an 
overview of the use of prefabricated panels in building 
Net Zero Energy Ready wood-frame multi-unit 
residential buildings (MURBs) in Edmonton. 

 
1 This house has features including double-stud R40 walls, an R60 attic, triple-glazed windows, superior airtightness, and heat-recovery 
ventilators. 

 
Figure 1. Open panels used to build this 6-storey passive building in 
Vancouver (image courtesy of Cornerstone Architecture). 

Increasing Requirements from Energy Codes and 
Programs 
Canadian interest in home energy efficiency started during 
the 1970s energy crisis. Early research and practices, 
particularly the successful integration of major energy 
efficiency measures in the Saskatchewan Conservation 
House1 built in Regina in 1977, laid the foundation for 
Natural Resources Canada’s (NRCan’s) R-2000 voluntary 
housing standard. These energy conservation efforts also 
inspired the development of the Passive House (Passivhaus) 
standard in Germany. Later, the US Environmental 
Protection Agency initiated the Energy Star program, which 
is administered by NRCan for its use in Canada. The 
successor to R-2000 and Energy Star, and the equivalent to 
Passive House in Canada is called “Net Zero” homes.  
Recently, the Canadian Home Builders Association (CHBA) 
launched its Net Zero Home Labelling Program, providing 
two-tiered technical requirements for Net Zero and Net 
Zero Ready homes. 
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Canadian energy model codes include the National Building 
Code of Canada (NBCC) Section 9.36 Energy Efficiency and 
the National Energy Code of Canada for Buildings (NECB) 
for large and complex buildings. These establish the 
minimum performance requirements for buildings. To 
facilitate the transition to higher energy efficient buildings, 
the Government of British Columbia enacted the Energy 
Step Code in 2017 to incrementally raise the requirements 
for new construction to be Net Zero Energy Ready by 2032. 
Among Canadian jurisdictions, the City of Vancouver 
probably has the most stringent requirements for energy 
efficiency for a mild climate (climate zone 4). For example, 
it requires RSI 3.85 (R22) effective for above-grade and 
foundation walls of residential buildings up to six storeys 
and mandatory airtightness testing. 

Figure 2 provides a brief description of the major Canadian 
energy codes and programs. Most of them take an 
“envelope first” approach to improve energy efficiency. 
Industrialized construction offers great advantages in 
building airtight and thermally efficient building envelopes. 

 
Figure 2. Major Canadian energy codes and programs at a glance 
(courtesy of Landmark). 

Industrialized Construction to Achieve High 
Energy Efficiency 

Industrialized construction, also called offsite construction 
or prefabrication, has been used to build wood-frame 
MURBs for decades. It largely falls into three categories: 1) 
open panels2 consisting of only structural wood framing, 
such as roof trusses, wall framing (wall studs and structural 
sheathing), and floor panels; 2) fully closed panels with all 
non-structural components, including water-resistive 
sheathing membrane, insulation, windows, siding, and 
drywall pre-installed in factory; and 3) volumetric modular 
construction (Figure 3 and Figure 4). Their major markets, 
benefits, challenges, and automation levels are listed in 

 
2 The term “open+ panels” is used in this document to indicate a form of prefabrication between fully open and fully closed panels. 

Table 1. Fully closed panels are rarely manufactured (Koo 
2020), but open+ panels, often including sheathing 
membrane and part of insulation, have become increasingly 
common for MURBs in Canada. 

  
Figure 3. Left: Open floor panels made by automated production 
line in Toronto (courtesy of H+ME Technology); Right: Volumetric 
modules built in factory in Ontario (courtesy of Royal Homes). 

 
Figure 4. Wall panels with sheathing membrane pre-installed in 
factory (ZyTech Building Systems) for highly energy efficient 
building in Victoria. 
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Table 1 Comparisons of industrialized construction types in Canada for building energy efficient MURBs. 

Type 
Typical Application 

and Market 
Penetration 

Benefits Challenges/Disadvantages 

Overall 
Automation 

Level/Production 
Efficiency 

Open panel Low-rise to mid-rise 
 
Large market share 
across Canada 

• Easier to build deep stud, or 
double-stud etc. assemblies 
needed for higher level of 
thermal insulation 

• Higher precision resulting from 
automation for framing –
improving envelope 
airtightness 

• Easier to dry wetted framing 
before enclosure 

• Single trade in factory 
• Flexible for transporting 

stacked panels 
• Regular site inspection 

• Requirement of consistent, 
dimensionally stable, and 
consequently more expensive 
materials for high level of 
automation (e.g., lumber with a 
better grade, or engineered 
wood products) 

• Site work other than framing not 
sped up 

• Time required for envelope to 
be watertight 

Canadian 
manufacturers 
ranging from low, 
semi to full 
automation 
 
Prefabricated 
framing leading to 
reduced construction 
time on site 

Fully closed 
panel 

Low-rise to mid-rise 
 
 
 
Small market share 

• Easier to build and install 
higher insulation levels in 
factory 

• Easier to install some 
insulation types (e.g., blown-in 
or spray products) in factory 

• Most assembling done in 
warm, dry environment  

• Flexible for transporting 
stacked panels 

• Greatly reduced site work 
• Typically reduced time for 

envelope to be watertight 

• Assemblies heavy for site 
installation 

• Moisture protection at site often 
challenging 

• Wetting during site installation 
causing severe 
drying/remediation problems 

• Multiple trades in factory 
• Quality assurance in factory 
• Components (e.g., foam 

insulation, siding, drywall) 
damage during shipping/site 
installation 

Rare in Canada, but 
widely accepted in 
Europe 

Modular • Building envelope typically 
watertight during site 
installation 

• Minimal site work (i.e., 
foundations, services) 

• Airtightness testing and 
remedial sealing in factory 

• Pre-finishing/pre-decoration 
for remote sites 

• Wetting during site installation 
causing severe 
drying/remediation problems 

• Costly and slow drying after 
wetting 

• Transportation depending on 
road conditions and related 
regulations such as road permit 

• Expensive to transport large 
volumes 

• Quality assurance in factory 

Low automation with 
production efficiency 
remaining similar to 
or slightly higher 
than site-built 
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CASE STUDY: Webber Greens Project – A Net 
Zero Energy Ready MURB Community 

Building Information 
The Webber Greens project in Edmonton was built in 2017 
to be a Net Zero Energy Ready community, consisting of 7 
separate wood-frame MURBs and 40 townhomes of 2.5-/3-
storey, with unit size in the range of 1302-1453 ft2 (120-135 
m2) (Figure 5). The project received funding from Emission 
Reduction Alberta through the Climate Change Innovation 
& Technology Framework: Clean Technology Development 
program. 

 
Figure 5. Rendering of Webber Greens in Edmonton (courtesy of 
Landmark). 

Project Team 
This project was built by Landmark Homes with panels 
produced by ACQBuilt. Landmark Homes is a large home 
builder based in Alberta. It has built over 17,000 homes in 
its 42 years of history and been building Net Zero 
Energy/Net Zero Energy Ready homes since 2012. ACQBuilt 
is a producer of prefabricated panels using fully automated 
equipment imported from Europe (made by Weinmann in 
Figure 6). 

 
Figure 6. A fully automated production line at ACQBuilt (courtesy 
of ACQBuilt). 

ACQBuilt panels are fabricated in a climate-controlled 
facility. By using OSB sheathing and dimensionally stable 
Laminated Strand Lumber (LSL) for framing and maintaining 
low moisture content throughout the automated 

manufacturing process, panels can be manufactured to 1 
mm precision, while maintaining a highly competitive 
production rate. 

Construction Highlights 
The construction was highly efficient with all wall and floor 
panels, staircases, and roofs prefabricated in the factory. 
Two units on average were erected per day. As a result, the 
weather during construction had a negligible impact, albeit 
Edmonton (climate zone 7a) has harsh winters. The reduced 
on-site construction time also kept construction wetting to 
a minimum. Even if the panels were exposed to rain, the 
exposure was very short in duration, which did not require 
extra time to dry the wood to an acceptable level once the 
building was closed. Afterwards, the batt or blown-in 
insulation for wall/ceiling cavities, interior polyethylene 
(poly) vapour barrier, and drywall were installed at site. 
These items must be manually installed. Factory installation 
may result in damage during transportation/site installation 
and would slow down drying if wetting occurs before 
enclosure. 

Wall/Ceiling Energy Efficiency 
In the factory, the open+ wall panels included 1 in. (25 mm) 
thick continuous extruded polystyrene (XPS) rigid foam 
insulation pre-installed between wall studs and OSB 
sheathing, together with a loose sheathing membrane, 
which also acted as air barrier (Figure 7). The location of 
XPS was designed to allow the automated equipment to 
frame wall panels using OSB sheathing as the rigid nailing 
plane. This also allowed direct attachment of siding to OSB 
sheathing. Given the dry climate, furring or a vented cavity 
was not specified. This wall is an economical solution for 
achieving Net Zero Energy for a wide range of homes from 
single-family houses to MURBs based on capacity as well as 
limitation of the automated production line. From the 
perspectives of both hygrothermal and shear wall 
performance, the XPS would have been better located on 
the exterior side of the OSB sheathing. This would keep the 
sheathing warmer in cold weather to reduce moisture 
accumulation and to achieve a more robust structural 
connection between studs and sheathing. Although testing 
conducted by APA and the US Home Innovation Research 
Labs confirmed having 1 in. XPS between sheathing and 
wall studs had acceptable lateral load performance (e.g., 
against wind and seismic loads), further research is needed 
for exterior wall panels to accommodate thicker rigid foam 
or other types of insulation, which may be more 
economical or needed for achieving higher levels of thermal 
performance. Table 2 shows the calculated effective R-
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values of the exterior walls and ceiling for this project. 
Table 3 shows the comparison to the minimum code 
requirements for the same climate zone. 

 
Figure 7. Exterior wall assembly (Components from left to right: 
siding, sheathing membrane, OSB, XPS rigid insulation, 2×6 
framing with batt insulation, poly vapour barrier, drywall). 

Table 2. Effective R-values for exterior walls and 
roof/ceiling. 

Layer/Material Thickness 
(mm) RSI 

Wall effective R-value calculation 

Exterior air film - 0.03 

Siding, vinyl 10 0.11 

Sheathing membrane/air barrier - - 

OSB sheathing 9.5 0.09 

Continuous rigid insulation, 1 in. 
XPS 

25 0.88 

2x6 framing @ 24 in. o.c.  

140 

 

2.67 Cavity filled with R22 batt insulation 

6 mil poly interior vapour barrier - - 

Drywall 12.7 0.08 

Interior air film - 0.12 

RSI (m²·K/W) 3.98 

Effective R-value (hr·ft²·°F/Btu) 22.6 

Roof/ceiling effective R-value calculation 

Exterior air film - 0.03 

Continuous, blown-in cellulose 340 8.57 

2x4 framing @ 24 in. o.c., blown-in 
cellulose 

89 1.95 

6 mil poly interior vapour barrier - - 

Drywall  12.7 0.08 

Interior air film - 0.12 

RSI (m²·K/W) 10.75 

Effective R-value (hr·ft²·°F/Btu) 61.0 

 

Table 3. Minimum effective R- and RISI-value 
requirements for exterior wall and roof assemblies for 
climate zone 7a based on 2015 NBCC – 9.36 Energy 
Efficiency. 

Code or Case 
Building 

Exterior Wall  
R (RSI) 

Effective 

Ceilings below 
Attics 

R (RSI) Effective 
NBCC – 9.36 Energy 
Efficiency for 
housing with HRV 

16.9 (2.97) 49.2 (8.67) 

Webber Green with 
HRV 

22.6 (3.89) 61.0 (10.75) 

 

Whole Building Energy Efficiency 
The use of precisely prefabricated panels achieved airtight 
building envelopes without extra sealing or foam. Results 
between 2.0-2.5 ACH @ 50 Pa were reported based on 
blower door testing for the completed buildings. 
Airtightness not only reduces space conditioning energy 
use, but also improves other attributes, such as sound 
insulation against exterior noise. 

This project is designed to achieve superior whole-building 
energy performance using prefabricated energy efficient 
building envelopes, together with other energy 
conservation measures, such as energy efficient windows, 
heat recovery ventilators (HRV), appliances, and other 
mechanical/electrical systems. The breakdowns of energy 
consumption based on predictions are provided in Table 4. 
A few units have received an EnerGuide label from NRCan, 
and one of the buildings has received CHBA’s Net Zero 
Ready Homes label confirming its high energy efficiency 
design and construction. The project would be expected to 
achieve Net Zero Energy if photovoltaic panels were 
installed to utilize renewable energy. Real energy 
performance data will be gathered and provided in the 
future. 
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Table 4. Predicted whole building energy 
consumption. 

Energy 
Consumption 

Middle Units End Units 
kWh % kWh % 

Space heating 3,166 22 5,567 36 

Air conditioning 389 3 293 3 

Heat recovery 
ventilator & fans 

198 1 240 1 

Domestic hot water 
heating 

3,297 23 2,737 18 

Lighting & appliances 7,118 50 6,325 41 

Total 14,168 100 15,262 100 

 

Concluding Remarks 
Building high energy efficiency has become a must to 
reduce carbon emission from the built environment and to 
meet needs of consumers. Industrialized construction 
provides an effective way to produce highly insulated and 
airtight building envelopes to achieve superior building 
performance, such as Net Zero Energy. However, it is 
important that as other attributes (e.g., seismic, wind, fire, 
vibration, etc.) are being addressed, further research is 
needed to develop well rounded building envelope 
solutions. Meanwhile, improvement may be made in 
automated production equipment and software to optimize 
and monetize these solutions. 
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