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Wood fibre insulation (WFI) has been gaining in 
popularity in North America as the demand for 
sustainable, bio-based products to build energy 
efficient buildings with low environmental footprint 
has been increasing. This InfoNote aims to provide 
insight for Canadian building designers, builders, and 
manufacturers interested in such products by 
providing in-depth information about hygrothermal 
performance of exterior wall assemblies incorporating 
WFI in the Canadian built environment, based on 
monitoring of two buildings in different climates. 

Introduction 
The wood fibre insulation (WFI) in this document refers to 
the rigid, low-density wood fibre insulation boards with a 
density around 250 kg/m3 or lower. There are two types of 
products based on the manufacturing method: wet process 
or dry process. The wet process, like making paper to some 
degree, is a traditional method of making fibreboard. It 
uses water to disperse fibre before forming during its 
manufacturing.  A modern production line typically uses a 
closed water system. By draining the water, the thickness of 
the final product is limited. The products typically have a 
higher density around 250 kg/m3 but lower thermal 
insulation values around R-2.5/in., compared to those from 
a dry process. There are a few Canadian manufacturers 
producing wet-process-based wood fibre insulative 
sheathing panels for roof, floor, and wall applications. The 
functions of these products have also expanded with more 
recent innovations. For example, the fibreboard can be 
treated with a water repellent (e.g., bitumen) to improve 
water resistance, or faced with a membrane, which can 
function as the water-resistant barrier (WRB) in a building 
envelope. A panel may be bonded with a type of foam 

 
1 In North America, the dry process has been used by manufacturers (e.g., 
West Fraser) mostly to produce medium-density fibreboard (with higher 
strength) typically for the interior decoration and furniture market.  

[(e.g., expanded polystyrene (EPS), extruded polystyrene 
(XPS)] to further increase its thermal insulation. 

Dry-process-based WFI products have been used in Europe 
for several decades and imported into the North American 
market in recent years as bio-based niche insulation for 
high energy efficiency buildings. Compared to the wet 
process, a dry-process production line1 often provides the 
flexibility of producing a wider range of products with 
densities ranging from 50 to 200 kg/m3 and thicknesses 
ranging from 30 to 240 mm. Adhesive (e.g., polyurethane, 
with a content up to 6%) and other chemicals (e.g., fire 
retardant, water repellent) are mixed into the wood fibre 
during the manufacturing. In general, there are two 
categories of products: flexible boards with a density 
typically below 100 kg/m3 and a thermal insulation value 
around R-4/in., and rigid boards with a slightly higher 
density up to 200 kg/m3 and an insulation value around R-
3.8/in. The flexible products are typically used to insulate 
wall stud/floor joist/roof joist cavities, and the rigid boards 
are used as exterior insulation of above-ground exterior 
walls and roofs, just like plastic foam- or mineral wool-
based rigid/semi-rigid exterior insulation products. 

The low-density WFI boards manufactured with these two 
dry-process-based methods are similar in nature and share 
many attributes, such as thermal/sound insulation and 
vapour permeability.  FPInnovations has carried out in-
depth assessment of the dry process to help Canadian 
manufacturers and users better understand such WFI 
products. The selected imports showed good properties 
related to fire (e.g., low heat release rate and smoke 
generation) and moisture (e.g., low water absorption, high 
vapour permeance), in addition to their thermal and sound 
insulation (Grandmont et al. 2013; Wang 2015; Grandmont 
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et al. 2016; Dagenais et al. 2016). It was also confirmed that 
Canadian wood fibre was suitable for making high-quality 
WFI using a dry process, with Spruce-Pine-Fir fibre being 
the best, based on the different raw materials assessed 
(Grandmont et al. 2016). 

Buildings and Instrumentation 
In 2018, FPInnovations initiated a demonstration project to 
showcase the use of WFI in Canadian climates and to gather 
its hygrothermal performance through building monitoring, 
in collaboration with 475 High Performance Building Supply 
and the Canadian Wood Council (Knudson and Thomas 
2018). Over two years’ data have been collected from two 
buildings since their completion in late 2018. These data 
are used in this document to show the hygrothermal 
performance of the exterior walls incorporating WFI. 

The two buildings are both located in cold and relatively dry 
climates, one in Collingwood, ON (climate zone 5) and the 
other in Saskatoon, SK (climate zone 7A). The former is a 
large single-family house, and the latter is a 9-unit 
townhome cohousing project. Incorporating highly 
insulated and airtight building envelopes and other 
features, both projects were designed to meet the Passive 
House standard. They were both originally designed to use 
other types of exterior insulation (e.g., plastic foam); but it 
was changed to apply WFI exterior insulation. The 
adaptation was proven to be straightforward and easy. As 
illustrated in Figure 1, for the house in Collingwood, 80-mm 
thick WFI was installed exterior to a double-stud wall 
assembly filled with blown-in cellulose insulation and 
covered with a WRB membrane on its exterior surface (i.e., 
interior to a 38-mm deep vented rainscreen cavity). For the 
project in Saskatoon, two WFI products including 240-mm 
thick WFI insulation and 40-mm thick WFI-based exterior 
sheathing were installed exterior to a wood-frame 
assembly filled with mineral wool. The WFI exterior 
sheathing was exposed to a 19-mm deep vented rainscreen 
cavity, without a protective membrane2. These two exterior 
wall assemblies provide effective R-values of over R-42 and 
R-56, respectively, far exceeding the required R-17.5 for 
Part 9 houses for both climates, based on the National 
Building Code of Canada. 

 
2 This WFI is claimed by the manufacturer to be highly water-resistant. 
Based on Part 9 of the National Building Code of Canada, a second plane of 
protection, most often a type of water-resistive membrane is required to 
protect moisture-sensitive materials from precipitation ingress (e.g., wind-
driven rain). In a damp climate (e.g., coastal) with a Moisture Index above 
1, a rainscreen cavity is required to provide capillary break and drainage. It 

For monitoring the hygrothermal performance, four 
locations including two replications at both the north-facing 
and the south-facing walls were selected from each building 
for instrumentation. At each monitoring location, a set of 
sensors including four RH/T sensors for measuring the 
relative humidity (RH) and temperature across the wall 
assembly, a moisture sensor for measuring the moisture 
content (MC) of the structural sheathing (i.e., plywood) (or 
a wall stud at one location of the building in Collingwood), 
and a data logger were installed (Figure 1). The monitoring 
system was set to collect and transmit data hourly. 

 

 
Figure 1. Illustrations to show the wall assemblies and the 
locations of sensors (top: the house in Collingwood; bottom: the 
building in Saskatoon). 

is believed the use of 19-mm deep rainscreen cavity, not required for the 
dry climate in Saskatoon, greatly reduces the wind-driven rain load for the 
WFI exterior sheathing. However, any WFI, without preservative 
treatment, is recommended to be protected with a water-resistive 
membrane to ensure long-term durability, particularly in a damp climate. 

House in Collingwood, ON
Wall from exterior to interior:
Siding
Vented rainscreen cavity, 38mm
WRB membrane
Wood fibreboard insulation, 80mm
Plywood sheathing, 12.5mm
Stud with blown-in insulation, 184mm
Smart vapour barrier
Stud with blown-in insulation, 89mm
Interior panel finishing

RH/T sensor
Moisture sensor

Building in Saskatoon
Wall from exterior to interior:
Siding
Vented rainscreen cavity, 19mm
Wood fibreboard sheathing, 40mm
Wood fibreboard insulation, 240mm
WRB membrane
Plywood sheathing, 19mm
Stud with mineral wool insulation, 140mm
Interior drywall finishing, 12.5mm

RH/T sensor
Moisture sensor
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Hygrothermal Performance in the Built 
Environment 
The data collected over 2019 and 2020 are presented 
below to show hygrothermal performance of the exterior 
walls incorporating WFI. The discussions focus on the 
environmental separation provided by the exterior walls 
and their durability performance. In the Collingwood house, 
the four monitoring locations share the same indoor space; 
the average data or the data from a single location, 
depending on the performance in discussion, are 
presented. In the Saskatoon building, the four monitoring 
locations are located in two townhouses with slightly 
different indoor environments; for simplicity, only the data 
collected from one unit are presented here. 

Environmental Separation 
Indoor environment 

The major function of a building envelope, of which the 
exterior walls are an important part, is to separate the 
indoor from the outdoor environment and to provide 
comfortable living spaces. Indoor temperature and RH are 
important to occupant comfort and building durability. In 
both houses, heat-recovery ventilators are used, together 
with space heating. 

For the house in Collingwood, the indoor temperature 
largely ranges from 21°C to 27°C and for the house in 
Saskatoon, the temperature has a narrower range of 20-
24°C (Figure 2). Both homes are overall slightly warmer in 
the summer than in the winter. Compared to the house in 
Saskatoon, the temperature measurements from the 
Collingwood house exceed 25°C more often, with its 
accumulative hours taking about 8% over the two years of 
monitoring. The Passive House standard requires not more 
than 10% of the hours each year should exceed 25°C to 
prevent overheating (Passive House Institute 2021). Based 
on this criterion, overheating does not occur in either 
home. Both houses overall provide good thermal comfort in 
their climates with cold winters and warm summers. 

The indoor humidity levels also remain comfortable. For the 
house in Collingwood, the RH measurements largely range 
from 30% in the winter to about 60% in the summer. By 
comparison, the RH is slightly lower, often approaching 25% 
in the winter for the house in Saskatoon, which is in a 
colder and drier climate than the former (Figure 2). 
However, most heated indoor environments in these cold, 
continental climates are typically drier in wintertime, when 
there is no intentional humidification. Some design 

measures of energy efficient buildings, for example, the use 
of highly airtight building envelopes, together with well 
controlled mechanical ventilation, may help maintain a 
slightly higher indoor humidity level by keeping indoor 
moisture (e.g., cooking, showering, plants). Health Canada 
recommended an indoor RH between 35% and 50% for 
healthy conditions (Health Canada 2016). Prolonged high 
humidity (e.g., above 80% RH) may facilitate microbial 
growth and metal corrosion; on the other hand, 
persistently dry air, e.g., with the RH below 20%, tends to 
cause occupant discomfort and exacerbate respiratory 
problems and allergies. 

 
Figure 2. Indoor temperature (T) and relative humidity (RH) 
measured from the buildings in Collingwood and in Saskatoon. 

Temperature and relative humidity profiles across walls 

The environmental separation function of the building 
envelope becomes particularly important for occupants 
under harsh weather conditions, for example, when the 
outdoor temperature drops below -20°C. The data from a 
north-facing location of each building is used to illustrate 
the temperature and RH profiles across their exterior walls 
to demonstrate this function (Figure 3; Figure 4). The north 
orientation is chosen since it receives the smallest amount 
of solar irradiance; consequently, it has the poorest drying 
performance and is often the most susceptible to moisture-
related risk. For a simple illustrative purpose, as the 
weather is not directly monitored in this monitoring study, 
the temperature and RH measured from the vented 
rainscreen cavity, which is separated from the exterior only 
by the thin siding, are used here to reflect the exterior 
conditions. In the winter, from the exterior towards the 
interior of both houses, the temperature generally 
increases and the RH decreases, both changing towards the 
more stable and comfortable living conditions. The largest 
temperature differential from the indoor to the outdoor 
reaches 40°C for the house in Collingwood and 50°C for the 
townhome in Saskatoon; the corresponding RH differential 
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is about 50% at both locations during the period of 
monitoring. 

 

 
Figure 3. Temperature (T) and relative humidity (RH) measured 
across a north-facing exterior wall in Collingwood. 

 

 
Figure 4. Temperature (T) and relative humidity (RH) measured 
across a north-facing exterior wall in Saskatoon. 

Durability Performance 
A building envelope assembly must be designed for specific 
exterior and interior environments to manage the 
interior/exterior moisture loads (e.g., wind-driven rain, 
vapour etc.), and stay durable over its service life. The 
durability performance of the building envelope is 
evaluated below by the service environments of the wood 
components, drying capacity of the assembly, and wood’s 
MC. 

Service environment of wood components 

The service environment of a wood component affects its 
long-term durability performance. Prolonged damp 
conditions may cause durability issues, such as mould 
growth and decay and may require the use of naturally 
decay resistant heartwoods (e.g., cedar) or preservative 
treatments. The moisture risk is typically higher in or close 
to the exterior environment, for example, the exterior 
sheathing of a wood-frame exterior wall, resulting from the 
effects of exterior moisture (e.g., wind-driven rain) and/or 
outward movement of indoor humidity. For mould growth 
to initiate on wood-based products, a minimum RH of 80% 
is typically needed along with warm temperatures (Nielsen 
et al. 2004). 

For the house in Collingwood, the RH measurements from 
the interior surface of the plywood exterior sheathing are 
mostly below 65%. Being closer to the vented rainscreen 
cavity, the exterior WFI has higher RH, with the RH 
measurements from its exterior surface (i.e., inside the 
membrane) largely staying below 85%; but this 
environment would not support mould growth since the 
higher humidity levels co-occur with the lowest 
temperature, being too cold for mould fungi to grow. For 
the townhouse in Saskatoon, the RH measurements from 
the interior surface of the plywood sheathing largely 
remain below 60%, below 70% between the two types of 
WFI exterior insulation, and below 80% in the vented 
rainscreen cavity (to which the WFI exterior sheathing is 
exposed). Based on these measurements, all the WFI 
products, the plywood sheathing, and other wood framing 
components of both buildings would be expected to remain 
unaffected by mould or decay. 

Vapour diffusion and drying capacity 

A building envelope assembly is expected to minimize 
wetting caused by precipitation and vapour; but if wetting 
occurs, it should facilitate drying through vapour 
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movement, typically towards the exterior in a heating-
dominated climate. 

Vapour diffusion and evaporation is expected to be a 
primary mechanism of drying for these two exterior walls. 
Vapour movement under vapour pressure gradients could 
result in dissipation of water vapour from wood 
components, or conversely cause the MC to rise due to 
increased humidity levels in the assembly, or even vapour 
condensation if the local temperature drops below the dew 
point. That is why building envelope designs aim to select 
and arrange materials so that the vapour permeance aids in 
both reducing potential wetting and maximizing drying 
potential, associated with vapour flow; for example, vapour 
barriers and vapour retarders need to be selected and 
placed based on the anticipated interior and exterior 
climatic conditions.  

Saturated vapour pressure is the maximum vapour pressure 
exerted by vapour due to water evaporation at a given 
temperature in a closed system. It is calculated based on 
the measured temperature T (°C) using Equation 1. Partial 
vapour pressure is the actual vapour pressure given the 
amount of water molecules at the given temperature in the 
space. It is calculated based on the measured RH (%) using 
Equation 2 at the same location. Elevated temperature 
increases the vapour pressure when the RH remains the 
same in the environment. 

Saturated Vapour Pressure Ps (Pa) = 100 × 6.112 × exp 
((17.67 × T) / (T + 243.5))                                                (1) 

(Partial) Vapour Pressure Pw (Pa) = RH × Saturated Vapour 
Pressure / 100                                                                  (2) 

Vapour pressure at any location typically varies greatly with 
fluctuations in temperature and RH. The analysis here only 
aims to assess the general direction of vapour diffusion and 
the related drying capacity of the two exterior wall 
assemblies. The differences in vapour pressure across the 
exterior walls from the measurement locations confirm that 
vapour tends to flow outward in the winter due to a warm 
and more humid indoor environment (Figure 5). The WFI, 
being highly vapour-permeable, together with the other 
components including the vapour-permeable membranes, 
would allow drying towards the exterior if, for example, 
incidental wetting occurs during the construction phase or 
in building service. This positive characteristic of WFI is 
expected to contribute to the long-term durability of the 
exterior walls of these two buildings.  

 

 
Figure 5. Calculated partial vapour pressure (VP) across a north-
facing exterior wall in Collingwood (above) and in Saskatoon 
(below). 

Wood moisture content 

The MC of a wood component, which is mostly influenced 
by its service environment, provides a direct indication 
about its potential to decay. A study by FPInnovations 
shows that the MC of kiln-dried lumber and wood-based 
engineered wood products need to rise to approximately 
26% for decay fungi to initiate at 20°C; it then takes months 
at this MC level for detectable strength loss to occur 
(Wang et al. 2010).   

Measurements from the house in Collingwood show that 
the MC of a south-facing wall stud is mostly below 12% and 
that of the north-facing plywood sheathing is higher, 
between 16% to 18% (Figure 6). For the townhouse in 
Saskatoon, the MC of the north-facing plywood sheathing is 
around 14-16% and that of the south-facing plywood is 
lower, around 12%. Variations in MC measurements are not 
only caused by different climates, assemblies, and 
orientations (e.g., a south-facing assembly being generally 
drier), but also different wood materials. Wood products 
are variable by nature. In addition, under the same 
conditions, the MC measured from plywood could be over-
estimated due to influence of the adhesive used in making 
the plywood, when a commonly used resistance-based 
method is used to measure MC, as in this study.  
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Figure 6. Wood moisture content (MC) measured from plywood 
sheathing and a wall stud of the buildings in Collingwood and 
Saskatoon. 

Summary 
The following is a summary of the hygrothermal 
performance of the exterior walls incorporating WFI of 
these two buildings. 
• The exterior walls used, as part of the building 

envelopes, provide excellent environmental separation 
functions for these two buildings. The indoor 
temperatures and RH largely remain comfortable in the 
climates with cold winters and warm summers. 

• The measurements confirm that the exterior sheathing 
and wall studs remain dry throughout the monitoring 
period, indicating the exterior walls perform well at the 
locations monitored.  

• The analysis of vapour pressure suggests a dominant, 
natural outward vapour flow direction.  

• The hygrothermal performance of a building envelope 
assembly is contributed to and influenced by all of its 
components. The measurements confirm the WFI used 
in the exterior walls of these two buildings are vapour 
permeable and would allow drying if incidental wetting 
occurs during construction or in service. 

North American Market 
The North American insulation market has been overall 
growing quickly as the building energy efficiency 
requirements become increasingly stringent and the 
market of energy efficient homes/buildings expands to 
reduce energy consumption and carbon emissions from the 
built environment. In Canada and the United States, over 
30% of secondary energy consumption and total carbon 
emissions are associated with the operations of buildings; 
and among this, approximately 60% is for space heating and 
cooling to maintain indoor thermal comfort. The compound 

annual growth rate of all insulation materials from 2020 to 
2026 was estimated to be 5.3% (Research and Markets 
2021). The market is anticipated to grow since insulation is 
essential to reduce energy loss through a building envelope 
(exterior wall, roof) and to reduce space conditioning 
energy consumption. It is also important for interior walls 
and floors etc. to provide good sound separation, another 
important attribute of occupant comfort. 

WFI stands out among insulation products as a bio-based 
material that is made with renewable wood fibre and has 
inherently sequestered carbon. It has other advantages 
including better fire resistance, higher (thermal/acoustic) 
mass, and higher vapour permeability, compared to the 
commonly seen plastic foam-based insulation boards (e.g., 
EPS, XPS, and polyiso). WFI has higher or similar thermal 
insulation values to the most used EPS but lower than 
products, such as XPS and polyiso at a given thickness. On 
the other hand, WFI generally has a similar R-value at a 
given thickness; but poorer fire performance, compared to 
the mineral wool-based rigid/semi-rigid insulation products 
on the market. 

Up to now, the WFI products in the North American market 
are imported from Europe and mostly used in high-end 
energy efficient houses/buildings, typically those targeting 
the Passive House standard. There has been considerable 
interest from local manufacturers to shorten the shipping 
distances and enhance domestic supply. Start-ups are 
emerging to manufacture WFI in North America, for 
example, using former paper mill equipment at lower 
production costs. From a raw material perspective, there is 
a great need for developing alternate use for the abundant 
pulp chips and low-quality fibre available from the forest 
industries in Canada and the United States. 

Closing Remarks 
The monitoring of two buildings in different Canadian 
climates has demonstrated that the exterior walls 
incorporating WFI perform well in the Canadian built 
environment. The results indicate WFI is highly vapour 
permeable, which would allow the assembly to dry, if 
wetting occurred during construction or in service. As the 
market of WFI in North America is growing, educating 
architects, engineers, and builders of its benefits is 
important. A major challenge to increase its market share 
could be the establishment of local manufacturing facilities 
to increase supply and reduce shipping costs. 
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