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Course Introduction 
 
Prerequisite 
 
None. 

 

Notes to the Student 
 
This Resource Guide is meant to supplement the online course, which relies heavily on graphics and 
animations to illustrate key concepts and processes in Construction Technology. The Resource Guide 
follows the order in which the online modules are presented. Please use this as a companion to the 
online course for the best learning outcome. 

 

Course Description 
 
This course is designed to provide understanding of the broad range of building science issues facing 
builders today. Home construction has evolved over the past decades. Along with new materials and 
ways of putting a house together has come the need to pay careful attention to the ‘house as a 
system’ -- how the physics of heat, air and moisture flow impact the performance of a house and the 
health of the occupants.  

 

After completing this course you will be able to: 

•     Apply the house as a system  concept 

•     Interpret the role of sustainable development in construction 

•     Understand how building science affects building durability  

       and occupant comfort 

•     Categorize the signs, symptoms and solutions for good indoor air quality 

•     Understand building envelope details and how they control or contribute  

       to heat, air, and moisture flows 

•     Understand mechanical systems 

•     Use Tarion's Construction Performance Guidelines 
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1. Introduction to Construction Technology 
 

Construction Technology is a wide-ranging discipline, covering the methods, materials and equipment 
used to build structures. The materials and systems that make up houses have become more 
sophisticated since the middle of the twentieth century, and especially so since the 1980s, when 
energy efficiency standards like the R-2000 program came into play.  
 
Changes in construction technology have been driven by the adoption of energy efficiency measures 
for new construction, while ongoing research in building science has lead to a better understanding of 
how buildings perform and what must be addressed in new and existing buildings so that occupants 
enjoy a high level of comfort, safety and health. 
  
Construction projects must also take into account how the material and equipment choices impact 
the long-term sustainability of the house and the building industry. Energy efficiency is only one of 
three ‘legs’ of sustainable development. The other two are resource efficiency and environmental 
responsibility. 
  
As a result of research, innovation and the widespread use of new products and materials, building 
codes now cover a range of topics that deal with air and vapour barriers, insulation levels, mechanical 
system efficiencies, and ventilation requirements. Builders must not only know about current 
construction practices, but also understand why and how the various materials, assemblies and 
equipment work together. 
 
There are many examples of the disastrous results that happen when the ‘how and why’ are not 
considered – structural failure due to water infiltration or poorly designed air and vapour barriers, and 
occupant health problems due to poor indoor air quality being the most alarming.  
 
Much of construction technology is based on the physics of building science – how the house works as 
a system. Building science looks at both the how and the why of occupant comfort, health and safety 
through controlling and managing heat, air, and moisture flow. 
  
The building envelope is made up of individual components – the walls, floors, ceilings, windows and 
doors – that are in turn made up of a variety of assemblies of materials. The assemblies of each 
component affect the performance of the house – how well it controls heat, air and moisture flow. The 
way houses are put together – materials and methods used – affects the durability of the house. The 
mechanicals – the heating, ventilating and air conditioning systems – interact with the building 
envelope to maintain comfort levels. These systems must be sized and designed to meet the thermal 
needs of the house. 
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Building Science 
 
Building science is primarily about the ways heat and moisture affect the health of buildings and their 
occupants. A house has many different parts – walls, windows, ceilings, a foundation, a heating 
system, occupants and their activities – all of which interact with each other and with the heat, 
moisture, and air inside and outside the house. Changes to any of the parts affect the way heat, 
moisture, and air flow in a house.  

To carry out effective energy efficiency measures, we have to look at the house as a system. 
Understanding building science principles is key to this approach. 

 

Sustainability 
 
In the broad view, sustainable development hinges on understanding that the world is a system that is 
connected across both space and time; air pollution from North America affects air quality in Asia, 
and the decisions made about farming one hundred years ago influence agricultural practices today, 
for example. 
 
Systems thinking – looking at what might happen to the physical world and the people, creatures and 
resources in it, over different periods of time is at the base sustainable development. Systems thinking 
helps us to understand and address complex situations. It is the foundation of building science and 
results in the house as a system  concept. 
 
Construction technology is typically focused on three pillars, or legs, of sustainable development: 
 

● Energy Efficiency 

● Resource Efficiency 

● Environmental Responsibility 

Energy Efficiency 
 
Energy efficiency is mainly about using less energy to provide the same service, but it can also be 
about providing more services for the same energy input. When it comes to construction technology, 
energy efficiency is focused on using less energy for heating, cooling and ventilation needs through 
good building envelope design that keeps the heat in, and by using highly efficient equipment to 
supply those loads. In some cases, heating, cooling and ventilation systems can be integrated into 
one piece of equipment, for the same or less amount of energy consumption that would have been 
required for separate units. 
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Resource Efficiency 
 
Resource efficiency is also about using less to provide more value. In construction technology, it mainly 
refers to recycled or recyclable materials, and reduced amounts of waste material. Some common 
examples are: 

● Cellulose insulation, made from up to 70 % old newspapers. 

● Finger jointed pine trim, oriented strand board, and manufactured cladding. All made from 
short and small pieces of wood, shavings and scrap that would have been disposed of 
otherwise. 

● Engineered beams are another excellent example of resource efficiency, where many small 
pieces or scraps of wood, that would otherwise be unusable, are made into a structural 
element that can span much wider openings than dimensional lumber. 

Environmental Responsibility 
 
Environmental Responsibility includes energy and resource efficiency, but it also reduces water usage, 
site impact, and waste stream that are part of a new house. Recycling and reusing packaging, 
reducing water use by planting native species on a new site, building on a site to minimize erosion 
potential, these are all part of environmental responsibility. 

Growing concern about the environment has prompted consumers to ask for environmentally friendly 
products. Some manufacturers have responded by developing new products, while others have 
modified existing products.  

When looking at innovative materials and assemblies, costs and impacts on current construction 
practices as well as the following ‘green’ or sustainable characteristics must also be taken into 
consideration: 

•  Environmental impact 

•  Recycled content 

•  Embodied energy 

•  Potential for disassembly and reuse in the future (‘cradle to cradle’ options) 

•  Embodied pollution 

•  Use of materials harvested from sustainably-managed sources 
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2. Building Components 
 

All buildings have the same components: foundation, floors, walls, roofs, windows and doors. This 
overview focuses on the structural parts of the building envelope. Vapour barriers, air barriers and 
insulation installations will be shown in detail in other modules. 

The building structure is built from the ground up, but the foundation needs to support the loads 
created by the roof, walls, and floors above it. In this simplified version of an engineering diagram, the 
structural loads translate vertically from the peak or highest point of the roof through the external and 
internal bearing walls or posts and through the foundation to the footing. The whole structure is 
supported by the undisturbed soil on which it sits. In cold climates, the footings are required to be 
lower than the average frost level to avoid damage from frost heaving. 

 

After completing this module you will be able to distinguish:  

•     Foundation types and components 

•     Wall and floor systems, types, and components 

•     Roof construction systems, types and components 

 

Foundations 
 
The foundation is the base upon which the rest of the house rests. It must be able to carry the load of 
the rest of the structure. Not only that, but it must be able to withstand soil and water pressure if it is 
below grade and it must also keep surface water and rain out. Most often, foundations have walls and 
floors, but some types of foundations have only walls or only floors. All foundations have to have a 
footing of some sort; usually this is a strip footing. In some areas, where expansive clay is present, piles 
or piers must be drilled into the clay to stabilize the footing. Footings are also required under interior 
bearing walls or where posts carry loads from beams. 

Basements 
 
Basements are usually a full-height foundation that is at least partially below grade. 

A full basement is one that is mainly below grade, with a very small amount of wall between the 
finished grade and the top of the wall. In new construction, a full basement is typically made of 
poured-in-place concrete walls with a concrete slab. In some areas, pressure treated wood is also 
used as a foundation material. Full basements are often restricted in their use as living space because 
they don’t allow large enough windows at an adequate height for bedroom fire safety. 

A raised basement is one that is about half above and half below grade. This type of foundation is 
often seen on split entry houses, and allows the foundation to be a fully useable living space. In many 
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cases, the raised basement consists of a poured concrete on the lower half and stud construction on 
the top half. 

A daylight or walkout basement is useful on steeply sloped sites, where one side of the foundation is 
below grade like a full basement and the opposite side is above grade, often even to the floor level. 
This also allows most or all of the foundation to be used as living space. 

Crawlspaces 

A crawlspace is typically a half-height or less basement. Crawlspace walls are typically poured 
concrete, but are also built from concrete blocks. Crawlspaces can be ‘open’ or ‘closed’ 
construction. Open crawlspaces have a vent to allow moist air to move in and out of the space; 
closed crawlspaces are not vented. It is considered best practice to build a closed crawlspace for 
energy efficient new construction. A well-sealed concrete slab or another form of waterproofing 
eliminates moisture problems, and a closed crawlspace keeps the heat in. 

Slab-on-Grade 

Slab-on-grade construction comes in a variety of forms. Most common is a short foundation wall, 
called a frost wall, on a footing that sits below the frost line, with a slab built on free-draining material 
at grade level. Another form, most often seen in commercial construction, is a raft foundation. Also 
called a monolithic slab or a turn-down foundation, this typically requires an engineer to ensure that 
the loads are properly carried. The edge of the slab and other load-bearing areas are thickened and 
strengthened with steel. Unlike concrete basement, crawlspace or frost wall construction, this type of 
foundation requires only one pour of concrete. 

 

Walls Systems 
 
The structural load from the roof is translated to the walls and down through the foundation to the 
footing. This can happen at interior walls as well as exterior walls. When there is a window or door 
opening that interrupts the vertical loading, a lintel or a header is takes the weight from above and 
moves it horizontally to the sides of the opening. 

Buildings are affected by lateral loads as well as vertical loads, so a structure needs to be able to 
withstand wind and not buckle in on itself. Lateral pressure can result in shearing (where a wall goes 
out of square but stays in the same plane) or racking (where the wall twist out of square and out of the 
same plane). Sheathing and bracing stop these two forces, as do floors and ceilings.  

The outside faces of a building’s walls are protected from the weather by a cladding of some sort – 
brick or stone veneers, wood, and vinyl or aluminum siding are the most common.  
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Framed Walls 
 
What makes up the structural portion of a framed wall? The bottom plate, the top plate (often there is 
a double top plate), the stud spacing and the framing around window and door openings. The most 
common framing material for residential projects is wood, although nearly half of all commercial 
buildings are built with steel studs. 

In framed walls, window and door openings require a ‘jack’ stud to take the load of the lintel, and a 
‘king’ stud that goes from bottom to top plate on either side of the opening. This ensures the load is 
translated to the foundation and that there will not be any lateral pressure on the opening, causing it 
to go out of square. The bottom of a window opening has a window sill plate carried by cripple studs, 
while a door opening will have a threshold. These elements create the rough stud opening that will 
hold the window or door. 

Platform framing is how most low-rise wood structures are constructed. Each level has the load bearing 
walls and posts built on the floor that they rest on. Platform framing relies on the floor structure as 
fireblocking between levels. There is a limit to the number of stories for solid wood structures, but taller 
wood structures can be built using engineered wood products. 

Balloon framing was popular prior to the early part of the twentieth century. A tall wall would be 
constructed on the ground, raised and tied into the other walls and the foundation. Floors were 
attached to ledger strips built into the tall wall. Blocking was added into the vertical stud cavities for 
rigidity and for fire safety. 

Another form of building with wood is timber frame or post and beam construction. Post and beam is a 
very old form of construction, where large timber members are arranged to create structural ‘bays’. 
Often used in the construction of barns and other buildings that require large open spaces, it is 
currently most often used in custom home building. 

Optimal Value Engineering (OVE), or advanced framing, can improve the overall performance of the 
wall by reducing the framing component – in some cases up to 20 % of the framing can be 
eliminated. OVE framing stacks the roof trusses or rafters on the wall studs and floor joists – every 
structural component is on the same spacing, usually 24 inches on centre. This allows the structural 
loads to be carried in a straight line from the roof to the foundation. Single top plates, two-stud corners 
and insulated headers are other techniques that improve the overall thermal envelope. Not all local 
building codes will allow all OVE techniques; areas with high wind or seismic loads may not allow 24 
inch-on-centre spacings. 

Steel studs are used in a similar manner to wood studs in platform framing. They are lighter and less 
bulky than wood, which is good for transportation and storage costs, and unlike wood, steel won’t 
twist, warp, rot, or be damaged by insects or fire. Steel can be installed on wider spacings than wood 
in some applications, and the strength of a cold-formed steel frame with proper connectors is 
well-suited to meet the loading requirements of high-wind areas and seismic zones. 
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Tall Walls: The Ontario Building Code allows wood frame buildings to be built up to six storeys high. Prior 
to January 2015, the limit was four storeys. 

The province is also introducing new requirements for wood frame buildings that include building 
stairwells with non-combustible materials and roofs that are combustion resistant. 

Current Scope-of-Work requirements can be found on Tarion’s website. 

Structural Insulated Panels (SIPs) Platform framing has been the standard residential construction 
method for several decades, with framed walls being built on site. Another option for wood wall 
systems includes structural insulated panels, or SIPs. Structurally insulated panels are made up of rigid 
foam insulation between two layers of structural sheathing material, typically oriented strand board 
(OSB).  

Essentially SIPs are a very thin box beam, meant to replace the standard stud/insulation/sheathing wall 
system. The panels can be used as a structural system or as infill in a post and beam structure, and can 
be made in different sizes according to the requirements of the project. SIPs are not confined to walls, 
they can also form roof and floor systems as well. Properly installed, SIPs can result in a building 
envelope with minimal air leakage. 

Factory-built SIPs can be held to a stricter quality control standard and can be better enforced than a 
site-built stud wall system. There is minimal waste on site and lower landfill tipping costs. 

Masonry Walls 
 
What makes up the structural portion of a masonry wall? The masonry itself is the structural element. 
Masonry can be individual units, like bricks or concrete blocks, or it can be poured in place as a single 
piece using traditional or insulated forming systems; it can also be tilt-up construction. In masonry walls 
the load at windows and doors is carried by a lintel (typically wood or steel in new construction), with 
the masonry carrying the roof load to the foundation. 

Brick used to be a structural element, most commonly in the form of a ‘double wythe’ wall – that is two 
layers of brick laid up with a small space between them, and tied together to form a sturdy wall. Most 
often, new construction uses a brick veneer wall -  stick framing with a façade of brick as the cladding. 

Concrete Masonry Units, also known as CMUs or concrete blocks in residential construction, are more 
often used in below-grade applications like foundations than above grade. 

Cast in Place or poured in place concrete walls are the most common type of foundation walls. 
Reusable plywood forms are erected and filled with a slurry mix of aggregate and cement. Once the 
concrete has hardened to the appropriate strength, the forms are stripped away and the building 
continues. Concrete block and cast in place walls need to be insulated and finished if they are part of 
the conditioned space of a house." 

Insulating concrete forms (ICFs), are a variation on cast in place walls, using an insulating form that 
becomes part of the thermal envelope. There are three basic types of ICF: hollow foam blocks, foam 
planks held together with plastic ties, and larger panels held together with plastic ties. The foam 
component is usually expanded polystyrene (EPS). Insulation values vary with the material and the 
thickness of each layer. ICF structures typically have high wind and seismic resistance. The 
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temperature range for pouring concrete is increased as well, extending the building season in cold 
climates. Termites can be an issue in some areas for below-grade applications. 

However, air leakage can occur at door and window openings and service penetrations. As 
foundation walls, ICFs can be faster and easier to construct than poured concrete walls. The rigid 
foam insulation, coupled with the manufacturer’s specified drainage plane material, are a near 
guarantee that there will be no moisture issues. ICFs must have a fire-rated finish, like standard gypsum 
board, applied to the interior surface of the walls. 

 

Floor Systems 
 
What makes up the structural portion of a floor system? The joist, rim joist (header), bridging, bracing, 
strapping, subfloor, and ceiling finish. 

Floor joists span from load bearing wall to load bearing wall or post and carrying beam. They usually 
run parallel to the shortest length of the house. The perimeter of the floor is closed off with a rim joist 
and any openings in the floor, to allow for a stairwell, for example, are made structurally sound with an 
assembly known as a header. 

Solid wood joists, typically 2x8s or 2x10s are the traditional building material. However, very few large 
pieces of solid wood can be cut out of a log, so working with large pieces of solid wood is not a 
sustainable option in most cases.  Solid wood joists have to be sized and spaced to meet code 
requirements. They can be stiffened and strengthened by choices such as thickness of the subfloor, 
the fasteners used, cross-bridging and strapping. 

Beams carry floor and roof loads and translate them to the foundation via exterior walls, posts and 
interior bearing walls. Solid wood beams are traditional building materials, but again, large logs are 
harder to come by, and the waste of cutting a large beam can be up to 30 % of a log. 

Manufactured Joists are more commonly used for floor systems. These manufactured systems use 
smaller dimension wood and waste wood products to make the most out of each log that is 
processed. A typical manufactured joist has a top and bottom chord made out of 2x3 or 2x4 material. 
An I-joist uses a web of solid wood material like oriented strand board, while open web joists use either 
wood or steel webs. I-joists have service holes cut into them at acceptable points, limiting the location, 
size and design of ducting and other services. Open web joists pose no barrier to services. 

Manufactured products take advantage of engineering to carry heavier building loads over longer 
spans, while engineered beams are more sustainable choices. The two most common engineered 
wood beams used in modern framing are LVL and Glulam. 

Laminated veneer lumber (LVL) is just what it sounds like: wood veneers (typically poplar, pine, or fir) 
laminated together under heat and pressure with a moisture-resistant resin. The grain of the veneers all 
run in the same direction, making LVLs stiff and stable. They come in thicknesses up to 3 1/2 inches, 
depths from 3 1/2 to 24 inches, and lengths as much as 60 feet. 
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LVLs have a high tensile strength — meaning they can hold up a lot of weight along their length 
without sagging. They can span long, open spaces, eliminating the need for posts in basements and 
garages. 

Glulam beams are made up of 2x dimensional lumber that has been stacked, glued and trimmed to 
form beams up to 72 inches deep and 60 feet long. Glulams are not as strong as LVLs of the same size, 
but can be a lower cost solution to a long span. They are often visible as architectural elements.  

Steel I beams are another common solution to structural challenges with floors or ceilings. The ‘I’ refers 
to the profile of the beam, with the flanges (horizontal elements) and the web (vertical element) 
making the shape of a capital letter ‘I’. 
 

Telegraphing subfloors 
 
Careful and correct preparation of the subfloor is a large component of a proper roll or sheet floor 
covering installation. The finished floor will look no better than the subfloor it is installed on -- rough 
patches and uneven surfaces will telegraph through the floor covering. Ideally, wood subfloors that will 
be covered with roll or sheet flooring are at least eighteen inches above grade. Roll or sheet flooring is 
not recommended over wood subfloors that sit directly on concrete, either above or below grade. 
Ideally, subfloors are covered with an underlayment of at least 3/8" thickness. Unevenness at joints 
between subfloor or underlayment panels must be sanded, and gaps between panel edges, hammer 
indentations and other depressions must be patched to create a level surface. 

 

Roof Systems 
 

What makes up the structural portion of a roof system? A ceiling joist and rafter or truss system, 
strapping, sheathing, and roofing. The load of the roof is carried down through the rest of the structure 
to the footing of the foundation. The roof structure has to be able to withstand intermittent loads such 
as wind and snow as well as seismic loads in some areas. 

Traditional construction makes a ceiling of joists and a roof of rafters. Where the two pieces come 
together is the eave. Rafters are typically cut in a ‘birdsmouth’ to have enough width for the roof load 
to be transferred down the wall. Ceiling joist and rafter systems have to be sized according to building 
codes, and are cut and built on site. 

While most of the loading of the walls and floors is evenly distributed around the perimeter of the 
foundation, the loading of the roof is dependent on the style of roof chosen. A gable roof means that 
the roof load is only carried on the eave sides of the house. A hip roof spreads the roof load more 
evenly around the perimeter of the whole house. 

Most new construction has moved to roof trusses. As a manufactured item, trusses have to be 
engineered to meet all loading requirements for the area where the house is being built. Trusses tend 
to be stronger, lighter and less expensive than the traditional rafter and ceiling joist. 
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Trusses can be built in a wide variety of shapes and sizes, but they all have a top and a bottom chord 
held apart by inner pieces that make up a web of framing in different configurations. The area where 
the two chords come together at the eave is called the heel. It is fastened together by a gusset plate. 
Unlike the restricted eave depth that is the result of ceiling joist and rafter construction, the heel can 
be made to nearly any depth. 

Trusses are built out of small dimension lumber, typically 2x3 and 2x4s. Flat ceiling trusses, the most 
commonly seen type of truss, can have one of a variety of web patterns, depending on the pitch of 
the roof and the regional snow and wind load. Flat ceiling trusses can also feature attic rooms, open 
spaces that can be designed for a gable roof to allow for immediate or future living space in the attic. 

Scissor trusses have a different pitch to the top and bottom chords, allowing for a sloped ceiling. 

Parallel chord trusses have the top and bottom chord in line, and are used for both flat roofs and 
sloped ceilings. 
 

Truss Uplift 
 
A concern when using trusses is the issue of truss uplift, where the top-floor ceilings lift off the interior 
walls in the winter and drop back down in the summer.  

How does truss uplift happen? 

The bottom chord of a truss is buried below a deep blanket of insulation and so, is not exposed to 
extreme temperature differences. The top chords however, are above the insulation and get very 
cold. When warm, moisture-laden air leaking from the house into the attic gets absorbed by the cold 
parts of the truss, the wood expands. So, as the top chords expands, it pulls the bottom chord up. The 
greatest amount of upwards movement is in the center of the truss. The result is a slight warp, just as a 
board warps when one side is damp and the other remains dry. As the truss moves upwards, it takes 
the drywall ceiling with it. When the drywall can’t move enough to accommodate the warp, cracks 
develop at the junction of the wall and the ceiling. The warp goes away once the weather warms and 
the moisture content in the wood equalizes. 

From a structural point of view, this is not a problem. But cosmetically it’s another story, creating cracks 
and surface damage to drywall finishes. 

To prevent truss uplift in new construction: 

● Eliminate air leakage through the ceiling 

● Ensure there is adequate unobstructed attic ventilation (soffits and roof vents) 

● Use metal L-shaped truss clips. Truss clips attach to the top of interior walls. The long leg of the 
clip contains a slot. A nail is driven through the slot into the side of the truss. The head of the nail 
is driven so it is just short of touching the metal clip. This allows the truss to move up and down 
independently of the wall. 

● Another option is to keep the fasteners that hold the ceiling drywall to the trusses at least 16 in. 
away from any wall. Support those edges by attaching them to blocks nailed to the tops of the 
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wall framing or to special drywall clips attached to the walls. That frees the trusses to flex slightly 
upward without pulling the drywall corners apart. 

3. Moisture Management 
 

Demands for increased comfort, reductions in energy use and concerns about climate change have 
resulted in increased insulation levels in new buildings. However, increasing the insulation used in new 
construction may lead to problems in managing moisture. 

Traditionally, moisture management has been the job of the outside skin of the building – the roofing 
materials and the cladding on the walls. The empty cavities and open structures of an uninsulated 
building allowed wetting and drying events to happen with little damage or impact on the occupants, 
in large part because heating the building in the winter helped to dry out the structure. Energy 
efficiency measures that helped to reduce heating costs came into play, and insulation and air 
sealing became part of standard construction. 

 

After completing this module you will be able to: 

•     Explain the need for well-planned moisture management 

•     Identify fundamental strategies for moisture control at the foundation 

•     Identify fundamental strategies for moisture control at the roof and walls 

 

 

Energy Efficient Construction 
The performance of the building envelope system is affected in more than one way by the addition of 
insulation. Reducing the heat flow through a wall, floor or ceiling assembly may decrease its durability 
if the impacts of external and internal moisture sources are not considered. In fact, the more energy 
efficient the building envelope, the higher the risk of moisture related issues that can quickly cause 
structural damage and health problems for occupants. 

The risk of moisture damage depends on a number of factors, including climate (seasonal changes, 
orientation, exposure) and interior conditions (temperature, relative humidity, pressurization), as well as 
the choice of materials in each assembly, where the materials sit in relation to each other, and the 
overall quality of the insulating and air sealing job. 

There are three parts to keeping any construction detail or assembly dry: 

● Get moisture off of it 

● Get Moisture out of it 
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● Get moisture away from it 

And do it as quickly as possible, because the amount of time that moisture is in contact with a 
construction detail is, in many cases, even more critical than the amount of moisture involved. The 
longer moisture is in the building assembly, the more deeply it will absorb into the materials. When the 
drying cycle extends into the next wetting cycle, leaving the assembly in constant wet condition, 
severe problems with mold and structural damage can arise. When the wet condition goes through a 
freeze-thaw cycle, those problems multiply. Some areas are subject to snow loads and wind-driven 
snow – presenting special challenges to keeping the moisture off, out and away from the building 
envelope. 

 

Foundation Moisture Management 
The potential for moisture problems exists anywhere building components are below grade. Most 
foundation water leakage results from water flowing through holes, cracks, and other discontinuities 
into the foundation walls, or water wicking into the cracks and pores of porous building materials, such 
as masonry blocks, concrete, or wood. While there are guidelines to keeping moisture off and out of 
foundations, possibly the most important aspect of moisture control at the foundation is keeping 
moisture away from the foundation. 

The best approaches for preventing these problems are influenced by the local climate, the style of 
construction and the typical materials and methods used locally. While Building Code requirements 
may differ in some cases, these guidelines for controlling moisture at the foundation apply in most 
circumstances. 
 

Keeping Moisture Off And Out: 

● Add a gasket, termite shield or other vapour-impermeable membrane on top of the foundation 
wall before the sill plate is installed to prevent moisture from wicking into the framed wall from 
the concrete foundation wall by capillary action. 

● Underneath the basement or on-grade slab floor, install a capillary break and vapor diffusion 
retarder, consisting of a layer of 6- to 10-mil polyethylene over at least 4 inches of gravel. 

● Place a continuous drainage plane over the damp-proofing or exterior insulation to channel 
water to the foundation drain and relieve hydrostatic pressure. Drainage plane materials 
include special drainage mats, high-density fiberglass insulation products, and washed gravel. 
All drainage planes should be protected with a filter fabric to prevent dirt from clogging the 
intentional gaps in the drainage material. 

● Damp-proof all below-grade portions of the foundation wall and footing to prevent the wall 
from absorbing ground moisture by capillary action. 

 

Keeping Moisture Away: 
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● Install a foundation drain directly below the drainage plane and beside (not on top of) the 

footing. This prevents water from flowing against the seam between the footing and the 
foundation wall. Surround a perforated 4-inch plastic drainpipe with gravel and wrap both with 
filter fabric. 

● Direct water away from the foundation with eavestroughs, downspouts  and rainwater leaders. 

● Create ‘positive drainage’ by sloping the final grade away from all sides of the house for at 
least 5 feet at a minimum 5 % grade (3 inches in 5 feet). 

● Establish drainage swales to direct rainwater around and away from the house. 

 

Wall Moisture Management 
In walls, moisture comes from four major sources: 

● Bulk water leakage 

● Moisture in the assembly materials 

● Water vapour from diffusion or air leakage 

● Capillary action 

While most moisture enters walls either through fluid capillary action or as water vapor through air 
leaks, out of these four, the largest potential uncontrollable moisture source in wall assemblies is bulk 
water leakage from rain and melting snow or ice. Roof overhangs, claddings and flashings keep 
rainwater from getting into the building envelope. Drainage planes keep water moving out and off 
the wall. 

Bulk water leakage through exterior walls is usually a result of improper installation of: 

● Siding materials 

● Poor quality flashing 

● Weatherstripping or caulking around joints in the building exterior (at windows, doors, and 
bottom plates) 

Different wall assemblies will have different requirements, but in general, drained and ventilated 
claddings, exterior insulation sheathing, and high air tightness combine good insulation qualities with 
water-resistant durability. Any wall assembly must have cladding on the exterior as a first layer of 
weather protection, and then a series of layers that control heat, air and moisture flows to protect the 
structural and interior elements. 

A typical exterior wall needs a rainscreen detail  -- a narrow gap between the cladding or siding and 
the next layer of the wall (the drainage plane) that allows water to flow down the wall. In walls with 
brick or stone veneers, this gap is wider and called a cavity. In some jurisdictions, some sidings, like 
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vinyl, are considered self-draining and do not require a rainscreen detail. Local building officials can 
clarify code compliance. 

 
Keeping Moisture Off And Out: 

● To protect against rain penetration, a drainage plane must be created within the wall system.  

● Shingle all protective layers so layers overlap from the bottom up, allowing water to drain. 

● Install pan flashing at window assemblies 

● Sandwich flashing at the bottom of the cladded wall area between the exterior sheathing and 
the weather resistive barrier 

● Use water impermeable material on the outside of the sheathing or exterior insulation board 

● Use vertical furring to create at least a ½ inch gap between the drainage plane and wood 
siding 

● Rainscreen drainage planes with masonry cladding require an adequate weep system 

● Caulking must be chosen that will flex as cladding and trim materials expand and contract with 
temperature differences. 

 
Keeping Moisture Away: 
 

● The lower portion needs to be protected from splashback from hard surfaces and surface 
runoff. 

 

Roof Moisture Management 
 
In general, for moisture control, the more slope the better, as the greater the slope, the faster bulk 
water can run off, and the less time water remains on the roof, the less likelihood it will be able to 
penetrate the roof. Reducing the number of projections and obstructions in the path of the water also 
helps minimize the amount of ponding and pooling that can cause water leakage. 
 
 
Keeping Moisture Off and Out: 
 

● Simplify the roof design, enhance the roof pitch as much as possible. 

●  Ensure the roof style suits the climate. 

 
Keeping Moisture Away: 
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● The roof overhang must be coordinated with the positive drainage away from the house so 

that any water that falls from the roof to the site does not contribute to stress on the wall 
structure or protective coatings from constantly wet soil.  
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4. The House as A System 
 

A house is a system of many different parts – walls, windows, ceilings, a foundation, a heating system, 
and occupants and their activities – all of which interact with each other and with the heat, moisture, 
and air inside and outside the house. Changes to any part of the system affect the way heat, 
moisture, and air flow in a house.  

To carry out effective energy efficiency measures, we have to look at the house as a system. 
Understanding building science principles is key to this approach. 

 

After completing this module you will be able to: 

•     Explain the concept of the house as a system  and how it relates to  

       building science 

•     Describe the various ways that air, heat and moisture flows affect the  

              performance of a house 

 

 

House as a system 
 
The house as a system  concept is based on observations and testing that show the house operates as 
a system of interacting parts. Much like the human body – in which functions like breathing, the 
circulation of blood, and digestion work together to maintain life – a modern house is made up of 
components which impact each other. Some of these are: The skin of the building, known as the 
building envelope – ceilings and attic, walls above grade, the windows and doors, any exposed floors, 
any shared walls between living space and garage, foundation walls and floor; the mechanical 
systems – space heating and cooling, water heating, ventilation; the occupant activities; the 
environment surrounding the house and the climate.  

Our work as design, construction, and renovation professionals makes it essential that we understand 
how each part of the whole-house system can affect the others. To get started, we’ll look at the three 
main elements of the house as a system  approach: Heat flow, air flow, and moisture flow. 

We’ll also begin to learn ways that building science can help us control how heat, air, and moisture 
flow through the building envelope, and inside the living space, in ways that are energy efficient, cost 
effective, and healthy for the house and its occupants. 
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Heat Flow 
 
People think heat only rises, but actually it will flow in any direction. The flow of heat is based on 
physics and the second law of thermodynamics. Heat flows because of differences in temperatures in 
adjacent materials or spaces, always transferring from warmer locations to cooler ones. How fast heat 
moves depends on two things: how large the temperature difference is between locations and how 
much resistance to heat flow there is between two objects, surfaces, or fluids.  

Heat flows in three ways: Radiation, Convection, and Conduction. Each part of a house can affect, 
and be affected by, all three heat flows – depending upon its design, the materials it’s made of, and 
the systems it uses for providing comfort to its occupants.  

Radiation 
 
Radiation is heat transferred by any warm object to its surroundings. The heat in the object causes its 
molecules to get excited – to move around more quickly. This is called thermal agitation, and the result 
is that heat is radiated from the warm object via electromagnetic waves.  

Radiant heat is all around us. A house receives radiant heat from the sun during the daytime. At night, 
the same house radiates heat to its surroundings and inside that house there are many radiant heat 
sources: a woodstove, an incandescent light bulb, a toaster, a curling iron, cats, dogs, guinea pigs, 
and people.  

Convection 
 
Convection is heat transfer by the movement of a fluid, such as water or air, in relationship to a heat 
source. As the fluid’s molecules are warmed by the heat source, they become more active and less 
dense, and so begin to rise – then, as the molecules get farther from the heat source, they cool and 
begin to fall, starting the cycle over as they again near the heat source. This cycle is called a 
convective loop.  

In a house, a convective loop is typically created in a room whose air is warmed by a stove or 
radiator, but it can happen in many other places – in spaces as small as an empty wall cavity and as 
large as the entire house.  

There is typically a convective loop that cycles through a house, using air flow in an open stairwell. A 
closed-off room or closet can have its own loop, as can the space between a window and a heavy 
curtain. The effects of convective loops within a house can be good, bringing warm air down from the 
ceiling to the floor – or they can be bad, causing condensation on a window behind a heavy curtain.  

Conduction 
 
Conduction is the direct transfer of heat through solid objects – or from one object to another with 
which it is in direct contact – by means of their molecules bumping together. Some materials transfer 
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heat better than others, based on their structure. Materials that allow heat to flow easily are known as 
conductors. Materials that slow down the flow of heat are known as insulators. 

The rate at which heat moves through a material depends on how good a conductor or insulator the 
material is. Glass, like metal, is a very good conductor but a poor insulator. Wool is a good insulator but 
a poor conductor. We use the term R-value (or RSI in metric) to describe how well a material insulates. 
The higher the R-value per unit of thickness, such as an inch or a millimetre, the slower the rate of heat 
movement through it – so wool has a higher R-value than glass. To promote energy efficiency, we 
want insulating materials – those with higher R-values – in the building envelope. 

Houses are built from materials with a variety of insulation values. For example, a wood-framed wall 
may have 2x4 studs, which have an insulation value of R-1 per inch. If the cavity between the studs is 
filled with fibreglass insulation, the R-value of the cavity is roughly R-3.6 per inch. So, when the outside 
temperature drops, more heat is lost through the wood than through the insulated cavities. The studs 
are creating what’s called a thermal bridge between the interior and the exterior of the house, 
allowing heat to do what it always wants to do – flow from ‘warm’ to ‘cold’ – and reducing the overall 
effective insulating value of the wall assembly. 

 

Air Flow 
 
Just as reliably as heat moves from ‘hot’ to ‘cold,’ air moves from high (or positive) pressure to low (or 
negative) pressure, until the pressure is equalized. The greater the difference in pressure between the 
two areas, the faster air flows. Air pressure differences between the interior and exterior of a house can 
impact the house in three major ways, all of which affect the house’s comfort, energy efficiency, and 
durability: the wind effect, the stack effect, and the combustion and ventilation effect. 

Wind effect 
 
The wind effect happens when the wind blows on one side of a house, creating a high-pressure zone. 
This ‘positive’ pressure forces air into the envelope through cracks and holes. This is known as infiltration 
of air. On the other sides of the house, where the wind isn’t blowing, a low-pressure zone is created 
and this ‘negative’ pressure pulls air out of the house. This is known as exfiltration of air.  

Controlling air flow is done in part by reducing the amount of air that can leak in and out of a house. 
This is done by caulking cracks, sealing holes, and repairing or replacing weatherstripping.  

Stack effect 
 
The stack effect is the vertical flow of air caused by differences in pressure and temperature in a 
house. In winter it happens when air is warmed by the heating system, rises, creates higher air pressure 
near the top of the house, and finally escapes through the upper floor walls and the roof. This creates 
a low-pressure zone near the bottom of the house, causing outside air to be drawn in through cracks 
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in the walls and foundation, and continuing the upward flow as that air is warmed. The more levels the 
house has, the stronger the stack effect can be and the faster the air will move. 

Combustion and ventilation effect 
 
The combustion and ventilation effect happens when air is pulled out of a house during the operation 
of heating or ventilating equipment. Space heating appliances – such as boilers, water heaters, and 
oil, natural gas, or wood fired furnaces – require air for combustion that is then exhausted to the 
outside. This air must be replaced and, if no other means is available, the replacement air is drawn in 
through the building envelope. The same thing occurs with ventilation devices, such as range hoods 
and bathroom fans that exhaust air to the outside. 

Neutral pressure plane 
 
The neutral pressure plane is the level where the infiltration and exfiltration that drive the stack effect 
are in balance, meaning there is the same amount of positive pressure above it as there is negative 
pressure below it. Where the neutral pressure plane is located in a house can vary widely, depending 
on internal and external conditions. Indoors, its location depends on how easily air comes into the 
lower part of the house and how easily it exits at the top. As an example, if air can enter the lower part 
of the house more easily than it can leave the upper part, there is more pressure in the top of the 
house and the plane is pushed lower. Outdoors, the key factor is wind. Fluctuations in wind impact the 
neutral pressure plane, often making it tilt one way or the other. 

 

Moisture Flow 
 
Like heat and air, moisture flows, usually from high to low concentration, in any direction. Unlike heat 
and air, however, moisture comes in several forms: liquid, gas (water vapour), and solid (many 
variations of ice). Outside the building envelope, moisture originates as rain, snow, ice, surface run-off, 
or fog, and our primary goal is keeping it outside. Inside, it can come from activities like laundry, 
cooking, and bathing, and our primary goal is managing its locations and levels. Moisture can enter a 
house’s building envelope as a liquid (water) or a gas (water vapour). 

Liquid water 
 
As liquid water, moisture enters the house through leaks, which are fed by gravity and capillary action. 
Gravity can simply push rain through the building envelope through holes in a roof or an outside wall 
and into attic and wall spaces, where decay can result. Capillary action is a mechanism that allows 
water to flow in any direction in narrow spaces. Capillary action is how a tree pulls water from its roots 
to its crown, and how paint is drawn up into a paintbrush. In a house, it can occur between lapped 
siding or in the tiny air spaces of porous materials such as insulation or concrete. 
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Water vapour 
 
Water vapour can enter the house in two ways:  air movement and diffusion. Air movement, driven by 
the stack effect as well as wind and/or combustion and ventilation equipment, causes pressure 
differences inside and outside the house which are constantly changing. Air leakage is the cause of 
most of the movement of water vapour into the building envelope. Diffusion is the slow movement of 
water vapour through the building envelope materials themselves. 

Humidity 
 
Humidity, which tells us how much water vapour (moisture) is in the air, is measured in two ways: 
absolute and relative humidity. Absolute humidity is the actual amount of moisture that’s present, 
while relative humidity represents that amount as a percentage of the maximum quantity of moisture 
the air could hold.  

Relative humidity – RH for short – is the measurement that matters in terms of heat, air, and moisture 
flows in a house. Most people are comfortable if the relative humidity is between 40 and 60 %; for the 
house itself, the ideal RH is between 30 and 50 %. If the RH in a house is constantly higher than 70 % 
and the temperature sits around 20 °C or 70 °F, mold growth and decay can result, causing health 
problems for the occupants and damage to the structure of the house. If the RH is lower than 40 % for 
long periods, the occupants can experience dry and scratchy throats, nosebleeds, and bothersome 
static electricity.  
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5. Indoor Air Quality 
 
This module focuses on how the interactions between heat, moisture, and air can impact the quality 
of the air we breathe, as well as the durability of the house itself. Knowing how energy efficiency 
measures can impact indoor air quality (IAQ) is essential to effective, long-lasting improvements.  

There are two reasons for including indoor air quality in a course on energy efficiency: 1) Energy 
efficiency upgrades that affect air, heat, or moisture flow also affect indoor air quality; and 2) 
Canadians now spend almost 90 % of their time indoors, making good IAQ more important than ever. 

Building science is a lot like the practice of medicine, where you need to be able to recognize signs 
and symptoms of good health in a patient to understand what poor health looks like. The quality of 
inside air is a sign of how well the house is doing, and poor air quality is a symptom of problems  for 
which sources need to be found and dealt with. Just as healthcare’s goal is the long-term health of 
the patient, the goal of energy efficiency measures is to create and maintain a consistent level of 
long-term comfort and a healthy environment while using the smallest amount of energy. 

 

After completing this module you will be able to: 

•     Describe the factors that impact indoor air quality 

•     Explain methods of evaluating a house for indoor air quality 

•     Explain methods of controlling moisture and pollutants in a  

       number of situations  

 

 
Air-borne pollutants 
 
Our homes contain many air-borne substances that may cause health problems — more than ever 
before, as the number of chemical compounds that can be found inside them has increased 
dramatically over the years. It is important to be aware of what we are trapping in the house and how 
it can affect our health, as well as what 0can be done to improve indoor air quality — even as we are 
making it more airtight. 

Dust and Particulate Matter:  Many people suffer from allergies to dust and other little particles, such as 
pollen and animal dander. Particulate matter can trigger asthma and other respiratory problems. 
Carpets and upholstered furniture can be full of particulate matter.  
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Volatile Organic Compounds: Volatile organic compounds (VOCs) can be emitted by solids and 
liquids at room temperature. VOCs can have short- and long-term effects on health – including eye 
and upper respiratory irritation, nose and throat irritation, headache, fatigue, and nausea – and indoor 
levels can be up to ten times as high as the levels outdoors. VOCs often have odours, as exemplified 
by the smell of new carpet or a new vehicle.  

VOCs are emitted by products used to make houses and in products used every day, including: 

● Personal items such as scents and hair sprays 

● Household products such as finishes, rug and oven cleaners, paints, lacquers and thinners, paint 
strippers, pesticides  

● Dry-cleaning fluids 

● Many building materials and home furnishings 

● Computer printers 

● Graphics and craft materials, including glues and adhesives, permanent markers, and 
photographic solutions 

 
Carbon monoxide: Carbon monoxide (CO) is a colourless, odourless gas that is produced when fuel is 
not completely burned. It is very dangerous, as it is easily absorbed into the bloodstream and reduces 
the ability of the blood to carry oxygen. Symptoms include headache, dizziness, weakness, nausea, 
and chest pain. CO can get into a house through poorly vented furnaces, boilers, or hot water 
heaters, or via car exhaust coming in from an attached garage or a ventilation supply port located 
too close to a parking area.  

Carbon dioxide: Carbon dioxide (CO2), also colourless and odourless, is produced when humans and 
animals breathe out, when plants die, and when fuel is burned. It’s always in the air, but when 
concentrated it becomes a problem, leading to symptoms such as fatigue, headache, breathing 
difficulties, increased heart rate, strained eyes and itchy skin. Typical sources of CO2 include 
under-ventilated areas where occupants and pets spend a lot of time and poorly vented, fuel-fired 
space heaters, clothes dryers, and stoves.  

Radon: Radon, a third colourless, odourless gas, is a product of radioactive decay in the soil. High 
levels of it are sometimes found in basement areas, where it is able to enter because of the pressure 
differences between the soil and the air inside the house. Though there may be no outward symptoms, 
long-term exposure to radon can lead to lung cancer. Simple testing devices are available for 
detecting radon, and new houses in many areas must have radon venting systems. Energy efficient 
houses with good air sealing and mechanical ventilation are less likely to have significant radon levels 
than houses with lots of air leakage that are easily depressurized by wind and the stack effect. 

Smoking: Smoking is a widely known health hazard, both for those who smoke and those who are 
around smokers. Tobacco contains particulate matter and VOCs, all of which can cause or trigger 
respiratory illnesses, not to mention the host of cancer-causing agents that the smoke contains.  
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Moisture-borne pollutants 
 
Excessive levels of moisture can also lead to indoor air quality problems. Constant high levels of 
humidity can lead to mold growth and decay, causing health problems for the occupants and 
deterioration of the structure itself. Standing water in the foundation — often from open sumps, a leaky 
building envelope, or high groundwater tables — can lead to high humidity levels. Dirt floors and 
crawlspaces in older and seasonal houses can also be sources of humidity. Whatever the source, high 
levels of humidity often lead to condensation and mold growth. 

Condensation: Condensation happens when there is a significant temperature difference between 
the interior warm air (which can hold a lot of moisture) and a cold surface. When the warm air hits the 
cold surface, it loses heat to the surface and cannot hold as much moisture as it cools down. There are 
many causes of condensation inside a house that are related to occupant activities – for example, 
bathing, cooking, and washing. Other sources include firewood stored in the basement and 
renovation-related materials such as lumber and plywood, drywall mud, and paint. Poor ventilation 
often contributes to high humidity and condensation, particularly in airtight houses. 

Mold: Mold is often a product of condensation, but it also grows in warm and humid spaces like 
bathrooms and laundry rooms. It can be present where condensation visibly occurs, like windows and 
window sills, or where condensation is not visible, such as the inside surfaces of uninsulated exterior 
walls. Mold also occurs where there is constant dampness or wetting from leaks. Exposure to mold can 
lead to allergic reactions, asthma, eye and upper respiratory irritation, and opportunistic infections.  

Water-borne sources of poor indoor air quality can also cause problems for houses, including: 

● Condensation 

● Peeling or bubbling paint 

● Water stains 

● Rust on exposed metal surfaces 

● Dry rot 

● Structural decay of wood  

● Increased leakage 
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Indoor air quality solutions 
 
Once the symptoms are identified and the sources are found, there are three ways to improve poor 
indoor air quality: 

● Eliminate the source 

● Treat or filter the air to get rid of the source pollutants 

● Ventilate the house to replace source pollutants with fresh air 

Eliminate 
 
Improving indoor air quality can be as simple as removing or encapsulating a pollutant source that is 
stored in the house. Examples include:  

● Removing carpeting and installing pre-finished hardwood or ceramic flooring 

● Replacing scented, chemical-based cleaning products with environmentally friendly, 
non-scented ones 

● Using low- or no-emission construction materials, carpets, finishes, furniture and cabinetry 

● Avoiding storing glues and solvents indoors, and using water-based adhesives and finishes 
where possible 

● Air sealing the building envelope to prevent exhaust fumes from entering the home from an 
attached garage 

● Air sealing the foundation floor to prevent radon or other soil gases from entering the home 
from below grade 

● Limiting smoking to outdoors, in areas away from fresh air intakes or windows that open 

● In regions with a high relative humidity, avoiding venting basements and crawlspaces during 
the non-heating seasons (as warm humid air enters a cooler space, it will begin to condense) 

● Storing firewood outdoors 

● Not hanging wet clothes to dry inside the home 

● Venting the dryer directly to the outside 

● Reducing the number of plants in the house 

● Disconnecting and removing the humidifier 

● Installing tight-fitting doors on fireplaces and wood stoves (if the appliance rating permits) 
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When specifying a project, choosing new materials carefully helps to eliminate the source of VOCs – 
no- or low-VOC finishes and paint, yellow or white carpenters glue, and wood, laminate or ceramic 
floor finishes are prime examples of how to eliminate large VOC loads in new projects.  

Treat/filter 
 
Treating indoor air means filtering, humidifying, or dehumidifying the air. Examples include: 

● Upgrading filters in the furnace to medium efficiency to reduce the level of dust in the air 

● Installing a HEPA (high efficiency particulate air) filter or an electrostatic filter on a furnace  

● Letting homeowners know that they must keep all filters clean, or inspect and change them 
regularly, so they can do their job properly 

● In midwinter, maintaining indoor air at a relative humidity of about 30 % (indoor relative 
humidity in summer is usually higher than 30 %; this is acceptable as long as it does not create 
moisture problems) 

● Dehumidifying air that has a high relative humidity (greater than 60 %) – for example, 
basements during the summer months 

● Where there is no furnace or ductwork, using properly sized stand-alone HEPA filters for 
particulate matter, or an Energy Star rated dehumidifier for moisture issues 

● Using hygrometers (relative humidity monitors) in problem areas to track humidity levels 

Ventilate 
 
Ventilation solutions include: 

● Installing exhaust fans (vented to the outdoors) that are connected to humidistats (relative 
humidity controllers) in high moisture-producing areas such as bathrooms and kitchens  

● Running an exhaust fan during the “shoulder seasons” (spring and fall) 

● Installing a heat- and moisture-recovering ‘balanced ventilation system’ that tempers (warms 
or cools) the incoming air  
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6. Healthy Housing 
 

Criteria for a healthy home include the following attributes:  

● Reduction of exposure to chemicals through use of non-toxic building materials and products 

● Mitigation of mold and rot by employing proper building techniques and materials from 
foundation to roof 

● Location of areas of high toxicity and combustible materials (such as the garage and utility 
room) away from bedrooms and primary living spaces 

Indoor air pollution from dangerous (and often toxic) chemicals has been linked to an increase in 
childhood asthma and respiratory diseases, and chemical sensitivity in adults. Relatively few of the 
chemical compounds used to create or treat conventional building materials have been tested for 
their effects on humans.  

Many of the most dangerous compounds (e.g. pesticides, mildewcides, urea formaldehyde, vinyl 
chloride, chromated copper arsenate ) are commonly found in conventional building materials. 
Paints, carpets, insulation, caulking, adhesives, composite wood products, soil treatments, and fumes 
from natural gas appliances all contain toxic volatile organic compounds (VOCs). In addition, there 
are a number of natural VOCs and other toxins, like molds and radon, that can be found in many 
homes. 

 

After completing this module you will be able to: 

•     Describe healthy construction assembly and finish materials 

•     Explain the causes, signs and risks of combustion spillage 

•     Describe radon testing and acceptable mitigation methods 

 

 

Materials for Healthy Housing 
 
Materials used in construction can help improve indoor air quality, and ensure that the building 
maintains a healthy indoor environment. Some households who have members with existing health 
issues will often be specific about what can and cannot be tolerated. To ensure that those needs are 
met, read product labels, ask questions of the manufacturer, and study material safety data sheets 
(MSDS) to find out exactly what is in a product. 

During construction, use materials and products that have little offgassing potential. 
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Construction Assembly Materials 
 

Caulkings and Adhesives 
● Solvent-based caulkings and adhesives have high levels of volatile organic compounds 

(VOCs), making them harmful to work and live with. 

● Epoxy adhesives are noxious during application but relatively benign when fully cured.  

● White glue (polyvinyl acetate) and carpenter’s glue (yellow aliphatic resin) are safe when dry. 

● Use adhesives that are solvent-free or water-based.  

● Caulk with a VOC content of 30 grams per liter or less is acceptable. 

Composite Wood Products 
● Subfloors, wall sheathing and underlayments use plywood or other composite wood products 

containing urea-formaldehyde binders that can offgas for years.  

● Choose low-emission boards or exterior-grade plywood. The phenol formaldehyde binders of 
exterior-grade are waterproof and more stable than the urea formaldehyde binders of 
interior-grade, which are only water resistant.  

● Seal with a low-VOC vapor retardant sealant and finished with low-VOC paint. 

Insulation 
● Blown-in fiberglass insulation often incorporates formaldehyde binders. Chemicals in the ink of 

shredded newsprint make cellulose bothersome to some chemically sensitive people. 

● Rockwool or mineral wool is an inert material, however there are concerns about airborne fibres 
during installation. 

● Rigid board foam insulation, polyurethane-based expanding foams and spray polyurethane 
foam (SPF), can outgas if not sealed by drywall or plaster, and some chemically sensitive 
people may react to it. For some households, restricting these materials to exterior applications 
will result in a healthier indoor environment. 

Gypsum Board and Plasters 
● Chemically sensitive people can react to the offgassing of inks used in the recycled newsprint 

comprising the paper facing on gypsum board. Adhesives and joint compounds used with 
gypsum board offgas fumes that can be irritating, and the gypsum board itself can be subject 
to moisture damage and mold, especially in wet areas like bathrooms, laundry rooms, 
basements and kitchens.  
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● Paperless drywall is highly mold resistant. 

● Additive-free plaster is a good choice for blocking VOC offgassing present in the gypsum and 
taped joints of modern construction. Veneer plaster - a thin layer or two of plaster over special 
drywall - provides a  smooth, seamless, and impermeable finish. 
 

Finish Materials 
 

Paints, Sealers, and Stains 
● More than 10,000 synthetic chemicals are used in conventional paints, sealers, and stains -  

including toxic solvents, mildewcides, and fungicides.  

● Low- and no-VOC paints, stains, thinners, and waxes are readily available.  

● Choose water-based materials with a low VOC content of 150 grams per liter or less. 

Flooring Choices 
● Flooring choices include ceramic tile, slate, terrazzo, brick, hardwood, pine, natural rubber, 

“true” linoleum, colored concrete, and low-VOC carpet or area rugs. Factory-finished flooring 
allows the product to cure outside the home, reducing the pollutant level in the house. If 
flooring must be finished on-site, select a low- or no-VOC water-based finish. 

● Avoid vinyl flooring, with the possible exception of some of the newer lower-VOC vinyl floors. 

● Instead of vinyl, consider linoleum (made from wood and cork “flour,” limestone dust, pine resin, 
and colorants mixed with linseed oil baked onto a jute backing). It’s durable, resilient, thermally 
insulating, quiet, and low maintenance with natural antibacterial properties.  

● Similar to linoleum is natural rubber. It’s durable, resilient, and easy to clean. 

● If you choose a hardwood floor, pay attention to the type of wood. The environmental choice 
is Forest Stewardship Council-certified wood (FSC). An installation that requires no glue (as in 
most traditional hardwood floors) is best, but if the floor must be glued use water-based glues. 

● As a substitute for hardwood, check out renewable products such as cork and bamboo. Cork 
has natural give, thus cushioning the foot. It is durable, sustainable, provides acoustic and 
thermal insulation, and has antimicrobial benefits. Bamboo resists warping better than other 
types of wood floors and is surprisingly firm. Select formaldehyde-free bamboo. 

Cabinetry and Trim 
● Cabinetry, doors, molding, shelving, and trim are often composite wood covered with veneer. 

Composite products contain large amounts of formaldehyde. Where possible, choose solid 
wood finished with a low-VOC paint or stain.  
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● Formaldehyde-free exterior-grade plywood is an acceptable material choice. You can also 

use alternative materials, such as stainless steel, or metal with a baked-on finish, for cabinets. 

● If composite products cannot be avoided, offgassing can be minimized by finishing, sealing or 
taping all sides and edges of all pieces. 

● High-pressure plastic laminates used for countertops contain PVCs and are often attached 
using high-VOC adhesives. Though more expensive, materials like marble, granite, concrete, 
ceramic tile, and stone are healthy choices. Solid-surface synthetics don’t offgas, but they are 
manufactured from petroleum. 

● Butcher block does not require underlayment, and can be mechanically fastened to cabinets. 
Finish with odorless nontoxic oil to seal the porous surface and to discourage mold and 
bacteria growth. 

 

Combustion spillage 
 
Combustion spillage occurs in houses that have oil, gas, or wood fired appliances such as furnaces, 
boilers, fireplaces, and water heaters. It occurs when combustion gasses escape into the living space 
of a home instead of going up the chimney. It is a potentially serious, even life-threatening condition, 
especially because it can occur away from the main living areas and because combustion gases may 
be invisible and odourless.  

In general, combustion spillage problems are associated with three sources: 
 

1.   Chimney  – often one that is too large or too small for the job.  
 
Example: A new, direct-vent furnace or boiler, which requires no chimney, is installed in an 
older house that initially had a furnace or a water heater co-vented in one chimney. The water 
heater then becomes the only appliance using the chimney, and it can’t generate enough 
heat to make a proper draft. The chimney is now oversized and spillage is inevitable. The 
addition of a chimney liner is the usual fix. 
 

2.   Equipment  – especially when it is damaged or malfunctioning and combustion gases are 
released into circulating air.  
 
Example: The furnace’s heat exchanger becomes corroded or cracked, allowing the crossover 
of combustion gases into the circulating air stream and potentially throughout the house. 
Replacement of the heat exchanger is the likely solution. 
 

3.   Air pressure  –when the indoor air pressure becomes lower than the outdoor air pressure and 
causes the downward flow of air in a chimney. This downward flow is called backdrafting.  
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Example 1: An exhaust device is turned on in a house where there is insufficient make-up air to 
replace exhausted air, causing a loss in indoor pressure in the mechanical room. Adding 
make-up air (a small duct from outside to the area near the appliance) is a solution.  
 
Example 2: When a fire is burning low in a fireplace or wood stove and little heat is being 
released, the chimney draft may become very weak, allowing carbon monoxide to spill into 
the home – an especially dangerous situation if the occupants have gone to bed for the night. 
A CO detector can be installed to warn occupants when this happens. 

Risks 
 
Exposure to combustion gases such as CO, sulphur dioxide, and various hydrocarbons at any level can 
pose potential risks to a house’s occupants, including: 

● Chronic, low-grade ailments and headaches 

● Health deterioration from long-term exposure 

● Carbon monoxide poisoning, and 

● In the worst cases, unconsciousness or death 

 
Signs 
 
In addition to symptoms of illness in occupants, signs of combustion spillage can include: 

● Smoke stains on the front of open fireplace 

● Discolouration around a burner air inlet, draft hood, or barometric damper  

● Darkened paint on heating appliances 

● Melted plastic grommets or pipe insulation around cold and hot water pipes from a water 
heater  

● Water stains, rusted connectors, or dripping water on top of a water heater or on top of a 
baffle inside a furnace’s air inlet 

 
If any of these signs are seen on a space or water heating appliance, or  if the system has long, 
twisting vent connectors, or  if there is a chimney in poor condition, or  if the house fails a 
depressurization test, the occupants should avoid using the appliance until the system is checked by 
a qualified heating or ventilation specialist. In addition to repairs, combustion make-up air may need 
to be provided or a balanced ventilation system installed. 
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Depressurization (Blower Door) Test 
 
Combustion spillage can be confirmed with a depressurization test using a blower door apparatus. The 
test starts with all the combustion appliances and exhaust devices turned off and the blower door fan 
turned on. One by one the major exhaust devices in the house – bathroom fans, clothes dryer, range 
hood, etc. – are turned on, and the gauge on the blower door is checked after each addition. If the 
gauge goes past a prescribed limit of depressurization, there is a good chance the house will 
experience combustion spillage.  

 

Radon 
 
Radon is a colourless, odourless gas that is found throughout the world. It occurs naturally in soil, water, 
and air, as a product of the decay of uranium, and accounts for roughly half of the radiation we 
receive from natural sources.  

When radon is released from the ground outdoors, it mixes with fresh air and gets diluted so that it is 
not a health concern. However, when radon enters an enclosed space, such as a house or basement, 
long-term exposure to high levels is linked to lung cancer. The health risk depends on the level of 
radon, how long a person is exposed, and their smoking habits. 

Radon typically enters a house from the below-grade portion of a foundation, but it can get in from 
anywhere that the house is in contact with the ground. 

Two things have to be present for radon to be a concern in a house. First, there has to be a source – 
often granite-based bedrock, or sand and gravel, that contains uranium. Second, there has to be a 
pressure difference between the soil and the interior of the foundation. When this pressure difference is 
driven by the stack effect, radon can be brought into the house.  

The amount that can be trapped in a house depends on the type of soil, the condition of the 
foundation, the rate of air infiltration, the lifestyle of the occupants, and the weather. Also, radon levels 
are usually higher in winter than in summer, and higher at night than during the day, because 
Canadian houses are typically closed up and ventilation is reduced at those times. 

Testing and control 
 
Radon testing can be done by a radon measurement professional or using home test kits. Detectors 
are placed in the lowest portion of the house that is occupied at least 4 hours a day. Health Canada, 
whose website includes guidelines for radon levels, recommends a test period of 3 months, preferably 
between September and April. Afterwards, the detectors are mailed to a lab for analysis. 
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If radon levels are high in a house, the most common, effective method of controlling it is ‘active soil 
depressurization’ (ASD). In this process, a hole is drilled in the basement floor, a pipe is installed, and a 
fan pulls the radon from under the house, through the pipe, and to the exterior. Installation must be by 
a contractor certified under the Canadian National Radon Proficiency Program (C-NRPP). 

In a new house, the current National Building Code prescribes protection against radon entry into the 
house, including a vapor barrier under the foundation slab and a rough-in for an ASD system.  

More information on radon, and current acceptable radon levels, can be found online at the Health 
Canada, Canada Mortgage and Housing Corporation, and Canadian Lung Association websites. 
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7. Fundamentals of Air Sealing 
 

The most cost-effective ways to improve the building envelope are air sealing and insulation. Air 
sealing stops heat loss via infiltration and exfiltration; increasing the amount of insulation reduces heat 
flow through walls, ceilings and floors. Both measures have to be addressed to reduce the amount of 
energy used for space heating and cooling, but air sealing is always the first line of defense when it 
comes to energy efficiency measures.  

Even in well-insulated houses, up to 50% of the energy required for space heating can be used to 
make up for heat loss due to air leakage. An effective thermal envelope reduces air flow between 
inside and outside, slows the movement of heat and controls the movement of moisture at a 
reasonable cost. 

To do this, the envelope has to have the following: 

• An air barrier 

• Carefully installed insulation 

• Minimal thermal bridges 

• A vapour barrier 

• Drying potential to the exterior 

 

After completing this module you will be able to:  

•     Explain the purpose of air sealing 

•     Distinguish between different types of barriers 

•     Explain common approaches to air sealing 

•     List materials commonly used for air sealing 
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The Purpose of Air Sealing 
 
There are three reasons air sealing is important:  

● Energy reduction  

● Moisture control 

● Comfort and health 

The first priority for energy efficiency, in any house, is to control air flow through the envelope. Air 
leakage is directly responsible for cold drafts and overly-dry air in cold winter months, reducing 
comfort levels and affecting the health of the occupants. Minimizing heat loss via air flow in and out of 
the house is the most effective and least expensive energy efficiency measure. 

There are some air leakage locations that are common to nearly all houses. How much that air 
leakage impacts the energy use and the comfort level in the house depends partly on when the 
house was built, how it was built, and what kind of renovations have been done on it since it was built. 
New houses have more attention paid to details that, in the past, would not have been considered 
important. 

A bonus to air sealing is that controlling air flow also does a superb job of controlling water vapour 
flow. Air and water vapour are always a couple, where you have one, you have the other. Water 
vapour is the primary cause of long-term damage to the structure of a building. It can also be the 
cause of mold growth that can lead to long-term health problems for the occupants.  

Air sealing decreases the amount of warm, moist air that infiltrates into the envelope cavity, reducing 
the effectiveness of the insulation and promoting mold and mildew growth. 

Air sealing doesn’t eliminate interior air movement but makes it controllable by eliminating the air 
pressure differences that are driven by the wind effect. The remaining air movement is caused by 
convective currents that are driven by differences in the temperatures of the exposed surfaces in a 
room. These convective currents can be controlled by evening out surface temperatures through 
higher levels of insulation. 

Sealing a house up and not paying attention to the impact the air sealing has on indoor air quality 
and the need for additional mechanical ventilation can lead to serious problems for both the 
occupants and the structure. As well, tightening up the envelope of a house with any fuel-fired space 
or water heating equipment can lead to combustion spillage. So, it is important to do depressurization 
testing to detect potential problems, most of which can be avoided by installing a makeup air duct or 
combustion air duct to bring in outside air. 
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Types of Barriers 
 
Three types of barriers are often discussed when it comes to energy efficiency: weather barriers, air 
barriers, and vapour barriers, which are also known as vapour diffusion retarders. 

Things get complicated in energy efficient construction, because a material can be an air barrier, a 
vapour barrier or a water resistive barrier, or any combination of the three functions. Some materials 
can even act as all three, plus function as thermal insulation. It can be a challenge to determine 
which material does what, depending on where it is in the building envelope. 

Essentially, the job of a vapour barrier is to prevent vapour diffusion (which belongs on the warm side 
of the envelope), while the job of an air barrier is to stop moisture and heat transfer via air leakage. A 
wall system should have one vapour barrier, but can have many materials and layers acting as air 
barriers. A vapour barrier can act as a very effective air barrier, but an air barrier should not always 
stop vapour from diffusing, depending on where it is in the assembly.  

Weather Barriers 
 
The job of the weather barrier is to keep liquid water that has leaked, penetrated or seeped past the 
siding or cladding from getting into the exterior sheathing or concrete wall or further into the building 
envelope. This barrier is often building paper on an old house, but newer houses may have a 
housewrap, or a membrane instead of traditional building paper. Ideally, flashing and caulking are 
used in combination with the weather barrier to create a continuous drainage plane on the outside of 
the building envelope. 

A weather barrier acts as the skin of a house, keeping rain, snow and wind out of the living space. 
Adding a weather barrier also improves energy efficiency by eliminating complications from wind and 
water penetration inside the wall cavities, in the attic space, and inside the foundation, after they 
have been draftproofed and insulated. The weather barrier must create a continuous drainage plane 
to take rain and melting snow from the roof and walls, and direct it away from the foundation. In some 
cases, the weather barrier can double as an exterior air barrier. 

Air Barriers  
 
The job of an air barrier is to stop air from moving in or out of the conditioned space, effectively 
blocking the air pressure differences that drive the stack and wind effects. Air barriers can be in place 
anywhere in the building envelope, and there can be more than one air barrier. Air barriers can be 
created from a wide range of materials: polyethylene sheeting, house wrap, self-adhered 
membranes, boardstock, board insulation, spray polyurethane foam, poured concrete, metal, glass, 
and a host of other materials. 

While the vapour barrier must be on the interior warm side in cold climates, an air barrier can be on 
the interior or the exterior. 

An air barrier is not simply a product that blocks air movement; in energy efficient houses an air barrier 
is a critical part of the overall design and construction approach. In existing houses, retrofit projects 
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need to be planned with a whole-house strategy that can be implemented in stages if necessary. 
Many building materials can act as air barriers: drywall, insulation, sheathing, house wrap, and 
polyethylene. The key to a well-done air barrier is attention to detail in sealing the various components. 

There are five basic requirements for an effective air barrier.  

1. It must be impermeable to air 

2. It must be continuous, with no gaps, cracks or other openings 

3. It must be supported in both directions from wind pressure 

4. It must be durable, able to last the lifetime of the house 

5. It must be easily accessed and repairable if it is damaged 

 
Air barriers can be on the interior, as with polyethylene sheeting or drywall sealed with caulking and 
gaskets, or on the exterior, using a product like extruded polystyrene rigid insulation or house wrap. 
There are many products and techniques that can make for a great air barrier, but it is the approach 
to air sealing that needs to be made a priority throughout the construction process. The method, or 
methods, used to create the air barrier should be thought through at the earliest stage, whether the 
goal is to air seal a 100 year old house, or a yet-to-be built one. 

Vapour Barriers 
 
The job of a vapour barrier is to stop water vapour from diffusing through materials -- and so there is a 
more descriptive name: vapour diffusion retarder. In this course it will be called a vapour barrier. In 
cold climates like Canada’s, the vapour barrier should be on the inside of the insulation. In hot 
climates, it should be installed on the outside of the insulation. In both cases, the vapour barrier 
prevents warm, humid air from leaving its moisture behind as it meets a cool surface, regardless of the 
direction it is moving. 

In cold climates, unsealed polyethylene on the interior acts as a vapour barrier only. When the rim joists 
are sealed, and the vapour barrier is sealed so there are no gaps or open areas, it also acts as an 
interior air barrier. 

In Canada, vapour barriers are used on the interior of wall assemblies to guard against diffusion of 
moist warm interior air into the building envelope. The rule of thumb is that no more than 1/3 of the 
insulation can be on the warm side of the vapour barrier. 

Vapour diffusion happens when there is  a lot of vapour on one side of a material and only a little on 
the other. The resulting pressure difference can push or pull vapour into the building envelope. The rate 
of vapour diffusion is determined by how easy it is for water molecules to find their way through a 
given material. For example, unpainted gypsum board is quite easily penetrated, while six mil 
polyethylene is not. But adding a latex vapor retarder primer underneath a latex paint, which stops the 
exchange of pressure from one side to the other, changes the gypsum board into a vapour barrier. 

There are two types of vapour barriers that are allowable in the building code.  
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Type 1 - which is required for a house where the cladding doesn’t allow moisture to move out of the 
wall. Six mil polyethylene or aluminum meets the requirements for a Type 1 vapour barrier.  

Some examples of Type 2 barriers include latex vapour retarder primers, oil-based paints, building 
paper, some polystyrene board insulations, plywood, OSB, and some vinyl wall coverings.  

The materials used to stop vapour diffusion have to meet a threshold rating for ‘vapour permeance’, 
called ‘perms’. Type 1 vapour barriers must be less than 0.26 Perms. Type 2 vapour barriers are rated at 
less less than 1 perm. 

 
Approaches to Air Sealing 

Interior Air Barriers 
 
Interior air barriers are common in new construction. The most widely known approach is polyethylene 
sheeting on the interior of the above grade walls. This is actually the vapour barrier, but when it is 
carefully sealed so that it becomes a continuous surface, it is an air barrier. A polyethylene air barrier 
needs to be protected against wind pressure by being supported in both directions. 

Another interior air barrier, which is often quite attainable in existing houses, is the Airtight Drywall 
Approach. In this approach the intersecting surfaces, such as the wall-to-floor connection and 
partition wall to exterior wall junction, are sealed to each other with caulking and gaskets around 
electrical outlets to form the air barrier. It must also be finished with a latex vapour retarding paint to 
keep moisture out of the wall. The original oil-based paint in many older houses also qualifies as a 
vapour retarder. 

Exterior Air Barriers 
 
Exterior air barriers are not as common as interior air barriers. However, it can actually be easier to 
create an exterior air barrier on a house than it is to create one on the interior. This is because there 
are fewer opportunities for damage to the exterior air barrier once it’s in place and covered by 
strapping or cladding. In addition, air sealing from the outside eliminates the labour required to seal 
areas that otherwise result in thermal bypasses, such as chaseways, dropped ceilings, and 
backframing, because they are all within the thermal envelope. In existing houses, when siding is being 
replaced, planning an exterior air barrier can be the most efficient and effective way to minimize air 
leakage. Most exterior air barriers, like house wrap, do double duty as a weather barrier as well. 

House wraps, also known as water resistive membranes, or WRBs, have largely taken the place of 
building paper. Water vapour can pass through easily, but air cannot. The main purpose of these 
breathable membranes is to protect the structure from water penetration behind cladding, but it can 
be an effective air barrier. The seams and edges must be taped and sealed well. 

Insulated sheathing materials can provide an air barrier along with a thermal barrier, and solve the big 
challenge of thermal bridging. The challenge of using insulating sheathing as an air barrier is to ensure 
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that the R-value of the sheathing is high enough that it moves the dew point outside the cavity of the 
wall. 

 

Air Sealing Materials 
 
Air sealing materials block the exchange of air between inside and outside, improving energy 
efficiency and comfort levels. There are a variety of choices, each with distinct advantages for 
different situations. 

Caulking and Foam 
 
Caulking is a tried and true method for air sealing. Several different types of caulking are available, 
and each has specific qualities that work in different applications. Silicone or latex caulkings 
(paintable or unpaintable) are often used as water barriers on the exterior but also function as air 
sealants. High-temperature sealants are used at chimneys and other areas where fire safety is a 
concern. One of the most commonly used caulkings for air sealing work is sticky, black acoustical 
sealant, which remains flexible over time and literally sticks to everything. This product is key to air 
sealing the polyethylene sheeting commonly used as an interior air barrier, which has a powdery 
substance on it to stop it from sticking together as it comes off the roll. Acoustical sealant is sticky 
enough to overcome the powder, sealing polyethylene to itself at seams. 

Polyurethane foam can create an effective barrier quickly and cost effectively in areas that are 
difficult to reach, like attics and crawlspaces. Low-expanding foams are available in small cans or 
portable kits, as well as specialized commercial installation systems. This material is very useful for 
joining and sealing surfaces that adhesive tapes do not work well with, such as sheathing. High-density 
foam also gives better thermal protection to small or tight spaces, or areas where there is a lot of 
framing that might otherwise create weak points in the thermal envelope. 

Gaskets 
 
Gaskets are a tidier way of reducing air leakage than caulking. Most have a limited use in existing 
houses, but can be particularly useful when a renovation includes stripping out existing drywall. New 
drywall can be installed using the Airtight Drywall Approach, or ADA for short. Gaskets and caulking 
are used between the top and bottom plate of new drywall and between window frames and rough 
openings to create continuous interior air barrier. 

Newer gasket-like products on the market include an impregnated sealing tape that is made up of a 
pre-compressed, self-expanding polyurethane foam that swells as it warms up, sealing the joint airtight. 

Adhesives 
 
Tapes and adhesive membranes can have two specific uses. They can act as air barriers or they act 
as waterproofing. Some products combine the characteristics of both an air barrier and a waterproof 
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material. The function they provide can also depend on where they are used in the building assembly, 
and what air sealing approach is being used. 

Tapes are used to seal the seams of a wide variety of products. Tapes are also used to seal gaps 
around penetrations through ceilings and walls. Housewrap tapes have very strong adhesives and can 
be used on many materials. However, there is some question as to how long the tape will hold its seal 
in some applications that are exposed to temperature extremes and/or movement of materials. 

Peel and stick membranes work well for sealing the seams of products like plywood or OSB, and are 
designed to hold their seal through extreme changes in temperature. Often they are used on the 
exterior of openings to ensure the drainage plane is continuous, but also work well as part of an air 
barrier strategy. 

Combinations of tapes and caulking-like materials can work well in specific situations, for example, 
seams in crawl-space ground covers can be sealed with fiberglass mesh tape embedded in duct 
mastic or acoustic sealant. This can also be used to seal the ground cover to the concrete wall of the 
crawlspace.  
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8. Strategies for Air Sealing 
 

The first step is to determine where the air is leaking into and out of the house. Using a blower door 
apparatus to detect air leaks is the most effective way to pinpoint problem areas. Doing major air 
sealing work while the blower door is set up is ideal, because chasing down thermal bypasses can be 
tricky. Sealing up a crack or hole in one area may just re-route the air leak, resulting in a bigger draft 
somewhere else if it’s not dealt with completely. The blower door also gives a benchmark reading to 
start from and a target to aim for, a flag for any required mechanical ventilation, and the ability to do 
on-the-spot depressurization tests to ensure that the air sealing work is not going to cause any 
problems with backdrafting or combustion spillage. 

When the blower door depressurizes, the house’s air leakage areas can be felt or seen with a smoke 
pencil, but thermal bypasses cannot be felt or seen. Adding a thermal imaging camera to the 
inspection and identification phase of a project can make chasing down thermal bypasses much 
easier. Infrared cameras measure invisible heat energy being emitted by an object. They also show 
images that indicate where -- and how -- air is moving behind finishes and through assemblies. Cooler, 
moving air shows up as ‘feather’ patterns on the camera’s readout. 

Once the biggest sources of air leakage are identified, the next step is to address those areas and 
minimize the air movement. Home façades with open exposure (in a field or facing open water) and 
those that are exposed to a persistent winter wind should get particular attention.  

 

After completing this module you will be able to: 

•     Explain thermal bypasses and how they affect energy efficiency  

        and comfort 

•     Identify moisture driven-issues caused by poor air sealing that affect  

       comfort and durability 

•     Explain, at a high level, air-sealing strategies throughout the building  

       envelope 

 

 

Air Sealing Basics 
 

Air leakage locations are more straightforward than thermal bypasses. Air leakage at rough openings 
around windows and doors can be effectively sealed off from the house. It’s a distinct separation from 
inside and outside. Thermal bypasses, on the other hand, are more typical in places where a 
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‘conditioned’ space meets an ‘unconditioned’ space, like where a living space that is being heated 
or cooled connects to an attached garage that you don’t heat or cool.  

Bypasses can originate in the attic, basement, or attached garage, and transfer cold air up and down 
interior walls, ending at openings such as electrical outlets and door jambs, or openings for pocket 
doors. Bypasses are also a problem where backframing is used, behind shower or tub enclosures, and 
fireplace inserts, for example. 

Water vapour that passes through building materials via diffusion does so at a much smaller rate than 
the moisture that can be transported in moving air through through cracks, holes, electrical outlets, 
plumbing penetrations, and rough stud openings, even under low infiltration rates.  

The bigger the hole, the more air can move through it; the bigger the pressure difference between 
inside and outside, the more air will move through it. Approximately 100 times more water vapour is 
carried into walls by air leakage than is carried by vapour diffusion.  

Less air leakage means lower air pressure differences, less air movement, and less moisture moving into 
the building envelope.  So, while building codes require vapour barriers, a continuous air barrier is 
much more important. 

Solar Vapour Drive 
 
Reducing the amount of moisture that moves from the interior into the building envelope in winter is 
important, and a vapour barrier is required by most building codes to compensate for that, but what 
about in the summer? In the summer, a house can be subject to inward solar vapour drive.  

On days where hot sun follows rain, say after a thunderstorm, the moisture, as vapour, is driven through 
the wall assembly to the inside of the wall cavity. Condensation can then occur behind the interior 
vapour barrier, run down the wall, and pool at the sill plate. This is more of a problem when the 
cladding or siding is brick veneer, stucco, manufactured stone or fibre-cement board, all of which can 
hold a lot of moisture.  

The situation is worsened if the house has air conditioning, which cools down the back of the drywall 
dramatically, causing condensation to occur at a lower outside temperature. Solar vapour drive 
needs very specific conditions to occur, according to studies done on the problem.  

Solar vapour drive doesn’t affect walls that don’t experience direct sunlight. There needs to be a 
moisture-reservoir type of cladding, an unventilated wall assembly, permeable sheathing that allows a 
lot of vapour to pass through i,; a polyethylene vapour barrier on the interior, and central air 
conditioning.  

To overcome solar vapour drive, damaged walls will have to be stripped and some or all of the 
following steps will have to be taken after rot and damage has been repaired. The steps below are 
also valid for new construction  involving additions. 

From the outside: 

● Avoid highly permeable sheathing, including OSB 
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● Specify foam sheathing (also good for eliminating thermal bridging in the winter!) 

● Install a vented rainscreen detail for non-masonry claddings 

● Use light coloured cladding 

● Choose a cladding that won’t act as a moisture reservoir 

 

From the inside:  

● Use a ‘smart’ vapour retarder instead of traditional polyethylene if the interior of the wall is 
going to be opened. These are materials that change their permeability according to ambient 
humidity levels. 

Ice Damming 
 
An ice dam is a hump of ice that forms at the edge of a roof under certain wintertime conditions. An 
ice dam can damage both the roof and the interior of the home, as well as gutters and downspouts. 
An ice dam forms when the roof over the attic gets warm enough to melt the underside of the layer of 
snow on the roof. The water trickles down between the layer of snow and the shingles until it reaches 
the cold eave, which is outside the warm attic. The water freezes and gradually grows into a mound of 
ice. Gutters can also trap snow and ice that can build up and provide a foundation for an ice dam. In 
addition, the lower the pitch of the roof, the easier it is for an ice dam to form. 

As an ice dam grows, the melted water backs up behind it and seeps underneath the shingles, 
eventually, dripping into the insulation and down into the ceilings and exterior walls beneath the eave. 
If the ice dam breaks free, it can pull shingles and gutters off with it. If the roof sheathing stays wet, it 
can form mildew and start to rot.  

The way to eliminate ice damming is a combination of better air sealing, higher insulation, and proper 
venting in the attic and eaves. 

 

Foundations 

 
Air sealing is focussed at the top of the foundation wall and in the header area, where framing and 
concrete meet. Most foundation walls don’t allow much air leakage other than at cracked and 
damaged areas that must be repaired. If there are any cracks in a concrete wall, fill them with silicone 
caulk. Some cracks should be sealed from the exterior.  

The rim joist or header area needs to be clean and dry. Any indication of moisture or structural 
damage at the header area needs to be dealt with so that you are not trapping moisture in to cause 
more havoc. 

‘Headers’, ‘rim joists’, ‘ribbon bands’, ‘rim bands’ – this is the place in the house where the floor system 
meets the outside wall. Typically, this is a weak area of the thermal envelope, in part because there is 
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simply so much framing coming together in one place. Often, batt insulation has been stuffed into the 
area. Less often, functional draftproofing is in place. Air sealing here is very important to comfort levels, 
because when drafts cool down the floor from below, or travel through the floor system, they cause 
feet to get cold, and that makes occupants feel cooler than they actually are. 

Header areas are also a problem above the basement, where they act as cold air plenums between 
floors. In houses with more than one storey, or with finished basements, the header area may be 
unaccessible. If this is the case, use a paintable caulking at the baseboard and seal it to the wall and 
the floor. Alternatively, take the baseboard off and seal the wall to the floor. If the siding is being 
replaced, the exterior face of the headers can be caulked to minimize air leakage. 

Air sealing and insulation can be done in one step, covering the whole rim joist, sill plate and joist end 
area with at least 2 inches of 2 pound closed cell spray-in foam. Another way to create a total seal at 
the rim joist is to cut blocks of 2” thick extruded foam to fit the space in between joists and seal the 
edges with spray-in foam. It is important to create an airtight seal at the end of each joist cavity, 
otherwise moist inside air could condense onto the rim joist, causing mold and rot.  

Half-pound, open cell spray in foam can be used, but an open cell foam will require additional vapor 
and condensation control measures. If not covered by spray foam, run a bead of caulk where the sill 
plate meets the top of a poured concrete wall. 

For concrete block foundations, stuff each opening with fibreglass or rock wool insulation before 
sealing with spray foam. This reduces the amount of (expensive) foam needed and supports the foam 
while it hardens. Use caulking or spray-in foam to seal wall penetrations for electrical, water, cable 
and/or fuel service as well as any exhaust ports or vents.  

 

Walls and Floors  
 
Above grade exterior walls typically have leakage points around window and door openings, and at 
electrical outlets and holes that might be purposefully (or not) in the inside finish, like cut-outs for 
plumbing. 

Backframing, drop ceilings and chaseways on exterior walls are likely candidates for thermal bypass 
problems. Often, the best solution is to seal them from above, if they are open to the attic.  

Interior and Shared Walls 
 
Shared, or party walls between units in a duplex or a row house are meant to act as smoke, fire, sound 
and indoor air quality separations between units. However, they can be major sources of air leakage, 
depending on a wide range of variables that happen during and after construction that result in gaps 
or cracks that allow a connection between units. Shared walls are fire-rated assemblies; the materials 
used for air sealing must comply with local building and fire codes. 

If the shared wall is framed, then it should be sealed in each unit as follows: 
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When the siding is being replaced and the sheathing is exposed, caulk and seal the sheathing at all 
horizontal and vertical seams that are in line with the shared wall area. Caulk and seal the the top 
plate and the bottom plate to the sheathing if they are accessible on the exterior. 

When the interior face of the shared wall is stripped and the framing is exposed, (0:31) caulk the seam 
between the first stud of the shared wall and the exterior wall.  (0:33) Seal the seam between the 
subfloor and the bottom plates. 

If the wall surface is in place, caulk the drywall to the floor or subfloor. If the baseboard is in place, 
caulk the top of the baseboard to the wall and the bottom of the baseboard to the floor or subfloor.  

In the attic, seal all gaps around and between the top plates. 

Where bathrooms back onto each other, plumbing penetrations that go through the drywall of the 
shared wall must also be sealed with fire-rated materials. 

Exposed Floors 
 
Exposed floors at bay windows, cantilevered areas, and unheated garages often cool down the 
surrounding area more than their size should warrant. This is because so much of their surface is 
exposed to the outside temperature and there is a lot of framing present. This increases the potential 
for damage to the exposed floor when it is not sealed properly and moist, warm air passes into the 
floor joist cavities and condenses onto the backside of the sheathing or rim joist, causing mold to grow.  

If accessible, the interior can be caulked or foamed at the inside face of the framing. The area should 
be well insulated, with any batt insulation being properly installed -- that is, not compressed and 
touching the surface of the subfloor above. After insulating, blocking can be used to form a 
continuous air barrier between the joists of the exposed floor and the main body of the house. If the 
joist cavity is not accessible, pull the baseboard away from the wall/floor junction and seal the bottom 
plate to the subfloor.  

The underside of any exposed floor should be covered with a continuous layer of rigid board insulation 
that is sealed at the edges with caulking. 

Improving the insulation level in an exposed floor is also often required. If this is the case, and the floor 
is opened up from the outside, seal the whole surface of the exposed floor area with two inches of two 
pound foam. This provides an air barrier and a portion of the required insulation to make the floor more 
comfortable and have less impact on heat loss. 

When an exposed floor is between a garage and a bonus room, it must be air sealed very well. The air 
barrier between the two areas must be continuous, without any bypasses to ensure that exhaust is not 
entering the bonus room. The same holds true for walls separating main floor rooms from garages. 
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Ceilings and Roofs 
 
Air leakage at the ceiling level is a major source of heat loss, due to exfiltration and uneven heat 
distribution caused by the stack effect. It is also one of the main contributing factors to ice damming. 
Sealing all penetrations and openings ensures better comfort levels, lower energy consumption, and 
increased durability for roofing.  

Top Plates 
 
Top plates are often difficult to access, because of the limited space for working in at the eaves. 
However, sealing the top plate is a crucial step for a couple of reasons. The first is straightforward: 
infiltration and exfiltration cause heat loss. This is especially true at the top of the house, where not only 
heat, but moisture and air pressure gather and, depending on where the neutral pressure plane is 
sitting, can push out into the attic and the soffit at the areas where there is the most framing. This can 
result in ice damming in the winter, mold growth in the summer, and structural damage in the long 
term.  

The other reason is wind washing. It happens in vented attics, where there is a way for air to move 
through the attic. When wind gusts into the attic (or into living space if the soffits are adjacent to 
bedrooms), and through fibrous batt or loose, blown-in insulation, it diminishes the effectiveness of the 
insulation. Wind washing can also contribute to ice damming, moisture problems and structural 
damage. 

This can be solved in conjunction with air sealing the top plates of the exterior walls if the area is 
accessible. Install foam blocks vertically, and flush to existing attic baffles and seal with spray-in foam 
insulation. New attic baffles can be installed with a built-in wind barrier. The goal is to ensure that the 
wind travels up the vent rather than into the house or the insulation. Placement is critical at the 
intersection of the walls, roof and ceiling. 

Attic Hatches 
 
Leaky attic hatches are reasonably easy to air seal. Eliminate the gap around pull-down steps or hatch 
cover with closed-cell foam weatherstripping and a couple of hook-and-eye latches. 

Pot Lights 
 
Pot lights -- also called recessed or can lights -- require an airtight box of rigid foam that is sealed to the 
attic floor. Rigid foam, with seams well-sealed, is the best option. Little insulation is gained, and rigid 
foam, unlike drywall, is not likely to fall apart due to dampness in the attic. Sealing around pot lights 
and other electrical penetrations, such as junction boxes and fan housings, must comply with the 
electrical code requirements. In most cases, a polyethylene ‘boot’ can be made, but some units fit 
into purpose-made boots for retrofits.  
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Chimney Areas 
 
There is often a gap between a chimney and the framing and finishing around it. This is because of fire 
safety requirements; combustible materials such as wood cannot be in touch with it. The best practice 
is to cover the gap between the framing surrounding the chimney with aluminum flashing. You should 
then use fire-safe, high temperature caulking to seal the seams of the flashing to each other, and the 
edges of the flashing to the framing and to the chimney. 

Sloped Ceilings 
 
Attics with living space are best approached as if the whole attic were a sloped ceiling: air seal at the 
top plates and along the rafters, bringing the whole attic inside the building envelope. Often attics 
with living spaces are insulated at the attic floor, the kneewall, the sloped ceiling, and possibly a flat 
ceiling area. Successfully air sealing all of these junctions is a major challenge. If there is no option to 
air seal as if the whole attic were a sloped ceiling, then treat the attic floor as a flat ceiling, with a 
focus on sealing the top plates, and the kneewall as an exterior wall. Any hatches or doors should be 
properly weatherstripped and latched closed. 
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9. Fundamentals of Insulation 
 

Insulation is a standard part of new construction work. Many building codes specify minimum insulation 
values for new construction. It is important to know what the local building code requires when 
planning new construction or major renovations.  

The Purpose of Insulation: 

● Energy Reduction 

● Moisture Control 

● Comfort and Health 

Houses built in the post-2000 era are about 20 % to 25 % more energy efficient than those built in the 
early 1980s. Energy efficiency improvement is mainly due to a better understanding of building 
science, more focus on air sealing the envelope, and increased insulation levels. 

The research, monitoring, testing and analysis that improved building science also improved and 
expanded the range of insulation products and materials that are on the market now.  

 

After completing this module you will be able to: 

•     Explain the various properties of insulation 

•     Understand the difference between nominal and effective R-values 

•     List and categorize commonly used insulation materials 

 

 

Properties of Insulation 
 
There are several factors that can impact the effectiveness, or the performance, of some types of 
insulation. R-value is a measure of conductive heat loss, and there are several other factors that 
contribute to heat loss, namely convection and radiation, helped along by air leakage rates and 
humidity levels. 

R-Value 
 
R-values and their metric equivalent, RSI values, are a way of labelling the effectiveness of insulating 
materials. The higher the R-value or RSI value per unit of thickness, the more resistance the material has 
to the movement of heat, and thus, the more effective it is.  
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The R-value is approximately six times the RSI. 

The R-value of a material or a building assembly is often used as an easy shorthand for comparing 
levels of energy efficiency. In fact, the R-value is only a measure of how much the rate of heat flow is 
slowed down as it moves through the material, that is, how much resistance there is to conductive 
heat.  

 It doesn’t identify whether the material can effectively stop air leakage, which contributes significantly 
to heat loss, or whether a material is affected by air currents and thus loses heat via convection. So, it 
is not enough to compare types of insulation based solely on the R-value, as different insulation 
materials have different characteristics that can be of as much benefit, or more, to the building 
envelope as the insulating qualities, like reducing air and moisture flow, soundproofing, and 
fireproofing.  

Insulation can also be added to a structural element. It can improve a structural element by adding 
rigidity or it can be part and parcel of the structural element. 

Dew Point 
 
Understanding the dewpoint is key to the long-term durability of a house. Air reaches the dew point 
when a reduction in temperature causes the water vapour to condense out of it. This happens when 
the air reaches one hundred % relative humidity. The dew point is determined by the initial 
temperature of the air and how much moisture is in it. 

A good example of the dew point at work is to think of a glass full of room-temperature water. If lots of 
ice is added, condensation forms on the outside of the glass, as the air surrounding it is cooled enough 
to hit the dew point.  

The dew point is a crucial piece of information about the health of a wall. In cold climates, the risk of 
condensation in wall cavities is mainly in the heating season, due to the movement of moisture from 
the warm, humid interior to the cold exterior. Often the dew point lands somewhere in the outer 
portion of batt insulation, or on the inside face of the exterior sheathing.  

The dew point shows the potential for problems with moisture in walls. As we know, moisture movement 
occurs through two different processes: diffusion and air transfer or exfiltration.  

Diffusion is the molecular movement of water through the wall assembly. It is driven by a vapour 
pressure difference between the interior and exterior, and is higher in colder months than warmer 
months. This is a slow process and does not contribute much to moisture problems in walls.  

Exfiltration is the physical movement of warm, humid indoor air through the cracks, holes, electrical 
outlets, plumbing penetrations, and rough stud openings in the wall, which can then cause moisture 
problems in the wall. This happens even when great care has been taken with air sealing – especially if 
there is inadequate ventilation in the house and interior humidity levels are consistently high.  

When warm, high humidity interior conditions are combined with cold exterior climates, the risk of 
condensation goes up. 
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To reduce the potential for condensation in a wall, it is necessary to maintain the wall cavity 
temperatures above the dewpoint temperature. Air sealing work will help to eliminate some air and 
moisture transfer, but will do nothing to maintain the wall cavity temperature above the interior air's 
dewpoint. The most effective way to do that is to isolate the wall cavity from the cold exterior 
temperatures by adding insulation to the exterior side of the cavity.  

This is why the 2/3, 1/3 rule discussed in vapour barriers is so important. In general, no more than 1/3 of 
the insulation can be on the warm side of the vapour barrier. 

The dew point temperature can be found on the psychrometric chart.  

The psychrometric chart shows dry bulb temperature (what we normally think of as the air 
temperature), and the wet bulb temperature, which is the temperature reading based on the rate of 
evaporation from a wet bandage wrapped around the bulb of a thermometer. The wet bulb 
temperature is always lower than the dry bulb temperature except when there is 100 % humidity. The 
curved lines on the chart show the level of relative humidity in the air. 
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Here’s how to read the chart: 

 Knowing the current air temperature and relative humidity is enough to figure out what the dew point 
temperature will be for any example. Find the air temperature on the bottom of the chart, then follow 
that vertical line up to the curve that indicates the relative humidity of the air. Draw a horizontal line 
over to the temperature scale on the right of the chart to see the dew point temperature. Here’s an 
example with useful numbers: room temperature air, 20°C, or 70°F, with a relative humidity of 40 %, has 
a dew point temperature of roughly 6°C, which means that condensation will occur at the point 
where the temperature of the air inside the wall cavity hits 6°C. 

To determine where the dew point will likely fall in a wall, we estimate the temperature of different wall 
components, assuming certain indoor and outdoor conditions. This is sometimes called a temperature 
profile or temperature gradient. 

The main reason for a builder to perform a dew-point calculation is to determine whether exterior rigid 
foam is thick enough to prevent moisture accumulation in the wall sheathing. 

The goal is to make sure the condensing surface inside the wall does not drop below the dew point 
temperature. 

Wind Washing 
 
Wind washing is wind-driven air movement that strips the heat from fibrous insulation and reduces the 
performance of the insulation. It often occurs at building corners or in attic spaces. Wind will drive air 
into one attic soffit, through the attic insulation and out the opposite soffit.  

Insulation typically works by trapping pockets of warm air and slowing the movement of heat. Fibrous 
insulations such as fiberglass and rockwool are very porous and easily allow wind to flow through their 
fibers. Denser insulations like blown loose-fill cellulose are less prone to wind washing and foam 
insulations like XPS foam board or most spray foams are barely affected. 

Thermal Bridging 
 
Thermal bridging is something that cannot be ignored when the goal is improving energy efficiency. 
Wind washing and thermal bridging are two reasons why the performance of a wall, ceiling or floor 
assembly can’t be judged on the R-value of the insulation alone.  

Heat makes its way from the heated space towards the outside. In doing so, it follows the path of least 
resistance. Materials that are good insulators are poor conductors. Materials that are good conductors 
are poor insulators. A good conductive material allows an easy path for heat flow, creating a thermal 
bridge from the warm side of the barrier to the cold side of the barrier.  

As insulation levels go up without the thermal bridges being addressed, the percentage of heat loss 
due to thermal bridges becomes high compared to the rest of the assembly, possibly leading to 
problems with moisture and frost within the wall.  

Here’s how thermal bridging works: 
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A standard wall cavity is filled with batt insulation. Every 16 inches on center in that wall is a stud. Batt 
insulation has an R-value of around 3.5 per inch, and a stud is around R-1.2 per inch. The wood studs 
allow heat to flow through the wall assembly much faster than the heat flow through the surrounding 
insulation. Framing can account for more than twenty-five % of the wall surface, which means if the 
R-value for a 6-inch fiberglass batt is R-19 in a wall with 2x6s at 16 inches on centre, standard gypsum 
board on the interior, with plywood or OSB sheathing, house wrap and siding or cladding, the 
insulation value of the wall as a system could be R-16 or lower.  

The main thermal bridges in platform framed construction, besides studs, are where floor systems and 
interior walls meet the sheathing at the perimeter of the building, where roofs meet walls and at doors 
and windows. When highly conductive materials come in contact with one another the flow of energy 
will increase, and the colder the climate, the more thermal bridging is a concern.  

The solution is simple: eliminate or reduce thermal bridging by disconnecting the framing from the 
outside surfaces. This can be done by using staggered double stud construction and insulated 
headers, or by increasing insulation on the exterior side of the envelope, for example. Using adequate 
exterior insulation also moves the dew point out of the framing, meaning the cavity insulation won’t 
get wet and mold won’t grow inside the walls. 

The design stage is the best time to address thermal bridging by choosing assemblies and materials 
that reduce surface losses. This also means that as well as improving comfort levels and reducing 
long-term energy costs, the durability of the building is increased.  

When designing a building envelope: 

• Choose less conductive materials 

• Isolate conductive materials in the assembly from each other with insulating materials 

• Reduce the surface area connection between conductive materials 

• Ensure that the junctions between areas such as walls and roofs have thermal protection 
 
 

Determining Insulation Levels 
 
While the R-value always represents the resistance of a material to heat transfer, in the Building Code 
there are two ways to approach insulation requirements. There is the prescriptive path, which indicates 
the minimal nominal R-value required in an assembly, and the performance path, which allows more 
leeway in designing a building envelope by requiring minimum targets for the effective or system 
R-value. 

Nominal R-Value 
 
Nominal R-value refers to the insulating quality of a specific material. It is the result of testing to find out 
how much insulation value a material has, that is, how much it resists heat flow. This is the number 
stamped on insulation products, or included in technical information sheets, and so, it ends up being 
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the basis for the shorthand version of energy efficiency – a 2x6 wall with batt insulation is an R20 wall, 
for example. 

Effective R-Value 
 
The effective R-value tells you how all the parts of a wall, ceiling or floor system work together to resist 
heat flow.  

Effective R-values are the TOTAL resistances provided by all components in a wall, ceiling or floor 
assembly -- gypsum board, wood or steel framing members, insulation, sheathing and cladding, any 
air spaces in the assembly, and inside and outside air films. 

 

Insulation Materials 
 
Fiberglass batts continue to be the most commonly used insulation material in new construction, but 
the performance of blown-in fibrous materials such as fibreglass and cellulose has improved with 
higher density installation techniques. Other high-tech, patented substances such as spray foam 
insulation offer higher insulative values that allow for thinner building envelopes, some of them also 
providing an air barrier along with their thermal resistance qualities. Advanced insulation systems such 
as gas-filled and vacuum panels are market-ready, as are innovative materials such as aerogels. 

Fibrous Insulation 
 
All fibrous insulations have similar R- values, between R-3.2 and R-3.8 per inch. With the exception of 
blown-in blanket cellulose applications, fibrous insulations do not make an impact on the building 
envelope in terms of air leakage. Building assemblies insulated with fibrous insulations require 
additional materials and labour to ensure an airtight envelope. 

Fibreglass batt is relatively inexpensive and easily installed. High-performance fibreglass batts have 
higher density and higher insulating ability than standard batts, giving about 15 % higher insulation 
values in walls and cathedral ceilings without increasing the cost of standard construction. 

Fibreglass insulation may have up to 40 % post-consumer recycled content.  

Fibreglass is also available as a spray-on application. The Blown in Blanket System (BIBS) requires 
netting on the interior wall before it can be blown in place, while other blown-in fibreglass products 
can be applied to walls, ceilings, and even under floors without netting and will stay in place until a 
sheathing product can be installed. 

There are health concerns around installation of fiberglass, mainly about exposure to formaldehyde 
binders and irritated lungs and skin from loose fibres. Some manufacturers now use non-formaldehyde 
binders and ‘encapsulated’ batts. 

59 



 
Cellulose is made from shredded newsprint, and can contain up to 85 % recycled material. The 
remaining 15 % is borate-based fire retardant that also stops mold and pests. Roughly 80 lbs of 
recycled newspaper makes 100 lbs of insulation that can itself be recycled. 

Blown in dry or sprayed on wet, cellulose has a higher R-value than fiberglass. A well-done, wet-blown 
dense-pack installation can reduce air leakage and get into hard-to-reach areas. Blown-in-Blanket 
(BIBS) system allows the material to be installed in open wall cavities at new construction. 

According to information on the Cellulose Industry Manufacturers Association (CIMA) website, 
research shows cellulose to be up to 40 % better than fibreglass at controlling air infiltration. CIMA also 
reports that air permeability testing done by the Oak Ridge National Laboratory shows that cellulose 
insulation will not lose R-value due to convective heat loss at temperatures as low as 40°F below zero. 

In it’s dense-pack form, treated cellulose is considered to be more fire-safe than fiberglass because 
the tightly packed fibers effectively choke wall cavities of combustion air, preventing the spread of fire 
through framing cavities. 

Cellulose installed with methods other than the Blown in Blanket System (BIBS) has a tendency to settle, 
leaving voids in the upper portions of walls. Possible loss of fire-retardant chemicals is a long-term 
performance concern; as borates are water soluble, they can leach out if the insulation gets wet. 
There are concerns about contamination from heavy metals and formaldehyde in printers inks. 
Wet-blown installations may cause drying issues in certain climates. 

Mineral Wool is made from recycled slag and mined basalt rock. Mineral wool is naturally resistant to 
fire and pests and is highly sound absorbent. Mineral wool is available throughout North America as a 
batt material for installation in wall cavities, and as a semi-rigid board material, can provide both 
drainage and insulation when placed outside foundation walls.  

Made of 98 % inorganic product with at least 40 % recycled material, mineral wools are held together 
with a thermosetting binder (often a food-grade starch). Rockwool is one of the only insulation 
materials that is completely fireproof. 

The fine fibres are a health concern similar to fibreglass. 

Foam Insulation 
 
There are three main classes of petroleum-based plastics that are made into insulation for the 
construction industry: polystyrene, polyurethane and polyicynene. Foam insulations are available as 
spray-foams or as board stock and have a wide range of insulating values based on whether they are 
low-density ‘open cell’ foams or high-density ‘closed cell’ products.  The higher the density, the higher 
the R-value. Foam insulations range from R-3.8 to R-7 per inch.  

Low density, open cell products offer high acoustic reduction, provide a good air barrier, but only a 
moderate vapour barrier and are less expensive due to their lighter densities. Closed cell, high-density 
products are better insulators and can offer both an air and vapour barrier, they have a light weight to 
strength ratio and can increase the structural integrity of a building. As well, their greater compression 
strength allows them to be used in more applications.  
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As closed-cell foams age, they lose some insulating capacity. A slow rate of air diffusion dilutes the 
low-conductivity gas (the blowing agent) in the cells. This process is called thermal drift or foam aging. 

Foam insulation products are petroleum based, some use ozone-depleting blowing agents and all 
require fireproofing for interior applications. 

Rigid Foam 
 
Board or rigid  insulation can be used to boost the thermal envelope, eliminate thermal bridging and 
provide an exterior air barrier on both new and retrofit construction. It is often used in conjunction with 
fibrous insulation. There are three types of foam used for rigid board insulation: expanded polystyrene 
(EPS), extruded polystyrene (XPS) and urethane (polyurethane, polyisocyanurate). 

Expanded polystyrene is plastic that is expanded into an open cell foam through the use of heat, 
usually steam. Low-density EPS (Type I) is suitable for sheathing above grade exterior walls, interior 
basement and above grade walls, flat roofs, and cathedral ceilings. High-density EPS (Type II) can 
withstand fairly high pressures, and can be used to insulate below-grade walls on the exterior. 

Extruded polystyrene is made by extruding a hot mass of polystyrene through a slit. At atmospheric 
pressure, it expands, creating a ‘closed cell’ foam, in a range of densities (Type II, III, and IV). These 
types of board insulation can be used as interior or exterior wall sheathing and for interior below grade 
applications as well as exterior, below grade applications. 

Polyurethane, polyisocyanurate and phenolic foams are closed cell foams with very low conductivity 
due to the type of gas used as the blowing agent. These board insulations can be used as interior or 
exterior wall sheathing and for interior, below grade applications, but not for exterior below grade 
applications. 

Rigid insulating foams are the stepping off point for several other insulation assemblies, including 
structurally integrated insulating panels and insulating concrete forms.  

Spray Foam 
 
Spray foams are very useful for both new and retrofit work, and insulating hard-to-reach areas. 

Spray foams start out in liquid form, and expand and start to solidify almost instantaneously. They 
usually cost more than traditional fiberglass and must be installed by professionals. 

Specially targeted areas for spray foam applications include rim joist/header areas, wall/ceiling/floor 
junctions, and odd framing areas such as dormers and bays as well as unvented roofs.  

Polyurethane and polyicynene foams are made from petroleum distillates, and are available in four 
densities, each suited to a set of applications. Super high-density (SHD) and high density (HD) foams 
are strong enough for roofing applications. Medium density (MD) foams are used in masonry and 
frame construction. Where structural movement and wind loads are small, low-density (LD) foams can 
be used. The LD foam is more vapour permeable than the MD type and does not qualify as a vapour 
retarder. 
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10. Strategies for Insulation 
 
Insulation strategies differ for below grade and above grade applications. Insulation can be inside the 
building envelope, outside the building envelope, or a combination of both -- with the air barrier 
anywhere in between and the vapour barrier on the warm side. 

Best practices take into consideration the whole assembly. Multiple functions in materials should be 
part of the strategy for all building components. For example, rigid board insulation on the exterior 
adds to the overall insulation level, reduces thermal bridging and can also act as an air barrier. There 
are other ways to address higher insulation levels, create a good air barrier, and minimize thermal 
bridging that don’t rely on secondary characteristics of insulation material  -- for example, staggered 
double wall construction, where there is no direct thermal connection between interior and exterior 
faces of the studs.  

Building Codes offer both prescriptive path and performance based insulation levels for foundations, 
above grade walls, exposed floors and roofs that vary according to climate zone, but don’t 
specifically address strategies for arriving at those levels.  

After completing this module you will be able to: 

•     Understand foundation insulation strategies and key details 

•     Understand wall and floor insulation strategies and key details 

•     Understand ceiling and roof insulation strategies and key details 

 

 

Below Grade Insulation 
 
Insulation starts from the ground up.  

New construction requires a drainage layer under a foundation slab. Typically, 4 to 6 inches of gravel is 
put down before the required sub-slab insulation, vapour barrier and concrete are installed. 

Sub-slab 
 
The amount and extent of insulation required below the slab will vary depending on code 
requirements for your area and the depth of the foundation. A house with a full basement built in a 
mild climate zone may be required to have perimeter insulation, while the same house built in a colder 
climate will require full slab insulation. Raised basements and slab-on-grade foundations may require 
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full slab insulation, as they are more affected by winter temperatures. Nominal R-value targets for 
sub-slab insulation range from R-4 to R-20. 

Foundation Walls 
 
The amount and extent of insulation required for foundation walls can vary with climate zone and 
foundation depth. Foundation walls can be insulated from the inside, from the outside, or both. 
Nominal R-value targets for below grade insulation levels range from R-12 to R-26. 

To insulate a foundation wall on the inside, assume there will be an issue with moisture at some point in 
the future. Materials and assemblies should be used that can withstand contact with water or moisture 
penetration. This means wood stud walls should stand off from the foundation wall and have sill gasket 
under the bottom plate to take the wood off the slab.  

Insulation choices should be limited to Rockwool, rigid foam or closed cell spray foam.  Fibreglass and 
cellulose tend to stay wet if they get wet, while rock wool drains itself, and rigid foam and closed cell 
spray foam are basically impermeable to water. 

Adding insulation to the exterior of the foundation is often recommended as the best way to reduce 
heat loss to the surrounding soil. Given that foundations often have ongoing moisture issues, insulating 
from the outside with an impermeable or water-shedding product like high-density rigid insulation or 
closed-cell spray foam insulation creates another layer of waterproofing.  

Matched up with exterior insulation on the above grade walls, it is a good way to ensure that both the 
thermal envelope and the drainage plane are continuous, reducing any potential issues with water 
damage. 

If there is no matching insulation on the above grade walls, bring the foundation insulation up to the 
siding or cladding and finish the top with a continuous flashing that extends up behind the siding or 
cladding and over the top of the insulation with a drip edge. Applying a strip of self-adhesive 
waterproof membrane to seal the gap between the wall and the insulation adds extra security to 
ensure no run off from the walls or snow melt will affect the foundation wall.  

Insulating concrete forms (ICFs) allow the wall to be formed and insulated in one step. The primary 
benefit of ICF construction below grade is the manufacturer’s requirement to provide a drainage 
plane on the exterior. This, plus the waterproof qualities of the rigid foam insulation, virtually eliminate 
problems with water penetration in below grade living spaces. 

To ensure minimal heat loss at the perimeter of the foundation floor, there should be a thermal break 
between the slab and the foundation wall. There are a few ways to create this thermal break, 
depending on how the foundation wall is to be insulated.  

If the wall is to be insulated with batt insulation in a stand-off stud wall, the thermal break can be 
made by installing a strip of rigid foam insulation vertically against the base of the foundation wall. The 
height of the strip should match the finished height of the slab.  

If the foundation wall is to be insulated on the interior with rigid board, then the rigid board is installed 
prior to the slab pour. The board must cover the foundation wall below the slab level. 
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Above Grade Insulation 
 
Stuffing the joist cavity with fibrous insulation alone does not address thermal bridging or air leakage. 
Rim joists and headers need to be air sealed and insulated carefully, as they are areas of significant 
heat loss. Code requirements may dictate minimum levels of insulation.  

Rim Joist/Header 
 
Ideally, rim joists should be insulated to the same level as exposed floors and attics -- anywhere from 
R-40 to R-80.  

If a sub-floor staple up radiant heat system is used, the rim joists must be extremely well sealed and 
highly insulated, as the joist spaces get very warm and the elevated temperatures cause accelerated 
heat loss otherwise.  

If the above grade wall assembly does not include exterior insulation, the rim joists must be sealed and 
then insulated from the interior. A combination of rigid board or spray foam and batt insulation is 
common practice, as is an all- spray foam installation. 

If the above grade walls are sheathed with exterior insulation, the exterior insulation should be taped 
and sealed to form the air barrier. Batt insulation should then be installed in the joist cavity to meet the 
required R-value target.  

Above Grade Walls 
 
Standard construction practice focuses on rapid installation of wall cavity insulation, often at the 
expense of attention to detail. Standard width stud cavities with no obstructions in them are often 
adequately insulated. However, many non-standard cavities, or cavities with plumbing, wiring, or 
ducting in them end up being poorly insulated, with insulation compressed in tight spaces and voids in 
areas that require extra labour to insulate properly. This is primarily an issue with fibrous batt insulation. 
In fact, one California energy standard degrades typical cavity insulation to 69 % of the nominal 
R-value. 

To learn about high-quality insulation installation, click on the resource tab in the online course. There is 
a link to a 3-part video series from the North American Insulation Manufacturers Association (NAIMA) 
on how to install batt insulation (fibreglass and rockwool). 

A 2x4 wall cavity insulated with a high-performance batt and a rigid foam sheathing can give a 
comparable overall insulation value to a 2x6 wall insulated with a standard fiberglass batt. A 
high-performance batt installed in a 2x6 wall does not need to be compressed to fit into the wall 
cavity, therefore improving the R-value of the wall. 

Empty wall and exposed floor cavities in wood-framed houses can be filled with dense pack cellulose 
instead of batt insulation. ‘Dense pack’ means that the cellulose is blown into the wall or floor cavity 
under pressure, so that it packs tightly and has no room to settle, resulting in a completely filled wall 
that has good insulating properties, reduces air flow through the wall, and provides sound dampening. 
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This product must be installed by professionals to get the proper density of 3.5 pounds per square foot.  

A third option is to fill the wall cavity with spray foam insulation. An open cell foam will give similar 
R-value to a fibrous insulation, while a closed cell foam will give about double the R-value of a fibrous 
insulation. To minimize thermal bridging, install 1x horizontal strapping and have the spray foam 
applied right up to the inside face of the strapping.  

If a whole cavity-fill of spray foam is too expensive, a method called ‘flash and batt’ is gaining 
traction, where a two inch minimum layer of closed cell foam is sprayed on the inside surface of the 
wall sheathing to create an air and vapour barrier, and the rest of the wall cavity is filled with fibrous 
insulation. 

Steel Studs 
 
Steel studs are becoming a more common framing material in residential applications. Steel is more 
conductive than wood and, without a thermal break, the temperature of the stud can be below the 
dew point and moisture will condense. Creating a thermal break between the steel stud and the cold 
side of the building envelope is usually achieved by placing at least 25 % of the required R-value of the 
insulation on the outside of the studs in heating climates, and on the inside of the studs in cooling 
climates. Board stock works well in both of these applications. 

There are many board-type insulation products available, but the type selected for steel framing 
should be: 

● Vapor permeable 

● Indent to accommodate screw heads so it can lie flat over the steel studs 

 
Another approach is to install the exterior sheathing over horizontal furring strips attached to the steel 
studs (this would be the interior sheathing in the case of a cooling climate). Insulation can then be 
sprayed behind the studs to provide the thermal break. 

Exterior Insulation 
 
Adding a thick layer of rigid board insulation to the exterior and sealing it at all joints and edges is a 
good way to create a continuous air barrier on the outside of the house. Because rigid board 
insulation is not vapour permeable, the layer of exterior insulation has to be thick enough to keep the 
dewpoint out of the wall cavity.  

Some types of rigid board can be taped and sealed and used as an exterior air barrier. The board can 
be put in place and held on the sheathing by adhesive or a bead of spray foam, before strapping is 
installed over the foam to give a substrate for siding or cladding.  

Thicker rigid board requires longer fasteners to tie the strapping to the wall behind. Some builders 
prefer to fasten the rigid board to the wall; fasteners directly through the rigid board should come with 
wide washers to guard against the heads popping out. 
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Strapping can be used on the exterior to make a cavity to fill with spray foam and to provide a 
substrate for siding or cladding. To ensure there is a proper rain screen detail, the insulation should be 
at least 3/8” shy of the back of the cladding. 

 

Exposed Floors 
 
Exposed floors are notorious energy loss areas, as there is a lot of framing, which results in heat loss 
through thermal bridging, poor air sealing at the joints that come together at the perimeter of all that 
framing, and inadequate insulation in general. The aim is to first, of course, reduce or eliminate air 
leakage in the floor, and then insulate as heavily as possible while reducing the amount of thermal 
bridging that occurs, as cold floors lead to cold feet and uncomfortable occupants, who then turn up 
thermostats.  

Using products that can function as an air barrier, as well as insulation, are better choices for this type 
of job. Exposed floors should have the same nominal R-value as attics, ranging from R-40 to R-80, 
depending on the climate zone and code requirements. 

Air sealing and insulation of cantilevered areas can be done in one step with spray foam if the rim joist 
area can be accessed. Use a combination of spray foam on the underside of the subfloor -- a two 
inch layer creates the air barrier at the warm side of the floor and fibrous insulation to fill the cavity. A 
two-inch layer of rigid board between the bottom of the joists and the final sheathing eliminates most 
of the thermal bridging from below.  

It is always better to add as much insulation – in the form of rigid board or spray foam – as possible to 
the exterior of exposed floors, as thermal bridging is the biggest challenge to overcome in these areas. 

The thicker the layer of rigid board insulation on the underside of the floor joists, and the more 
attention paid to air sealing at the perimeter, the better. All seams and joints between horizontal and 
vertical insulation should be sealed with spray foam. 

Exposed floors may tend to have condensation and moisture issues where the exposed floor meets the 
house. This is a crucial place to ensure that all thermal bypasses are eliminated and air sealing is done 
very well, so that warm air from the house does not enter the floor system. Pay close attention to how 
the floor is attached to the house – a dropped beam at the junction between the two means that 
there is a serious challenge in creating a continuous layer of rigid insulation on the exterior to defeat 
thermal bridging. 

The same approach should be used with attached garages that have a bonus room above. This is an 
exposed floor, buffered from wind washing, but still exposed to temperature differences between 
interior living space and an unheated space. The bigger issue here is what travels with the air into the 
bonus room and the rest of the house.  

Exhaust fumes need to be kept out of the house, with particular attention being paid to the air barrier 
between the two spaces at the connection between the floor systems, at penetrations through the 
shared walls and ceiling, and at the perimeter of the floor above the garage. 
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Ceilings 
 
Attics and ceilings vary widely between house types. Houses with attic spaces are easier to air seal 
and insulate than houses without attic space. Houses with flat ceilings and unlivable attic space are 
easier to insulate than those with living space built into the attic, which in turn are less challenging to 
insulate than houses with sloped ceilings and no attic space, or houses with flat roofs. 

The amount of insulation needed to meet energy efficiency standards or program targets will depend 
on the region in which the house is located. In general, the range is R-40 to R-80. 

Flat Ceilings 
 
One of the easiest ways to improve the energy efficiency of a house with a flat ceiling is to install a 
thick, even layer of attic insulation after air sealing. In roofs with very little height at the eaves, the 
challenge is to ensure that there is adequate insulation over the tops of the walls, as well as a clear 
path for ventilation. New houses often have truss roofs with high heels, which allows for a full-depth 
layer of insulation throughout the attic space.  

Fibrous insulation should not have anything stored on top of it. As soon as it is crushed and the air 
pockets between the fibres are flattened, it loses its capacity as an insulating material. 

Blown fibrous insulation should be installed so that there is very little variation in the depth of the 
insulation throughout the attic. This can be tricky in tight spaces. R-40 to R-80 translates into 14 to 20 
inches of fibrous insulation. Blown fibrous insulation can be layered on top of batt insulation but batts 
should not be installed over blown insulation to avoid settling. 

Batt insulation must be in contact with the surface it is supposed to be insulating. Make sure that new 
or existing batts are laying flat on the backside of the ceiling. A common practice is to lay two layers 
of batt insulation down, with the first layer installed in between the ceiling joists or trusses. The top of the 
first layer must be flush to the top of the ceiling joists or lower truss chord. The second layer is then 
installed with the long sides of the batts in the opposite direction. 

Another option is to apply a minimum two-inch layer of closed-cell spray foam on the backside of the 
ceiling (for R-10 to 12), covered with a less-expensive fibrous insulation to the required depth, with a 
‘heel’ of spray foam at the eaves to stop wind washing across the attic and to give the maximum 
amount of insulation over the tops of the walls. Allow the foam time to dry before installing the batt or 
blown insulation. 

Closed cell or open cell spray foam can also be used as a single solution. Closed cell foam with a 
depth of over two inches acts as a vapour barrier. Open cell foam will require an additional vapour 
barrier, unless the local building code does not require one. 
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Eaves 
 
The eaves may not have enough depth to accommodate 14 to 20 inches of fibrous insulation without 
compacting it. This is one of the weakest points in the building envelope, where several pieces of 
wood join and intersect.  Heat rises, so the ceiling is typically warmer than the floor. The result of air 
leakage and poor insulation levels at the eaves is moisture and heat in the attic, which leads to ice 
damming and long-term damage to the roof deck and shingles. 

To eliminate or avoid ice damming problems where the eaves are shallow, air seal the attic and then 
install high-density foam over the top plates of the wall, either in layers of rigid board glued together or 
a high-density spray foam heel. Extend the high density foam into the roof area until there is enough 
height to install a full layer of fibrous insulation. Ventilation space from the soffit vent to the ridge vent 
needs to be allowed for, further reducing the amount of insulation that can be installed at the eaves. 
This also helps improve the performance of the fibrous insulation by minimizing wind washing in the 
attic space. 

Where ceiling heights change, the vertical wall or sloped area between the two ceilings needs to be 
air sealed and insulated to the same level as the attic. Closed cell spray foam and high-density rigid 
board are good options here. 

Regular ceiling insulation batts are too deep to allow for sufficient insulation and air space for 
ventilation in typical joist and truss assemblies for cathedral ceilings. To accommodate high insulation 
levels, deeper-than-required joists or high heels on the trusses are typically used to allow for ventilation 
under the roof deck. High performance batts give comparable insulation values in thicknesses that 
match typical joist and truss assemblies. As well, the overall effective insulation level can be improved 
because the thinner profile batts fit into more angles and smaller spaces with less compression. 

Bonus Room 
 
Air sealing and insulating lived-in attic space or a bonus room above a garage has five distinct areas 
that pose their own challenges: the kneewalls (the short walls that run parallel to the eaves), the floor 
behind the kneewalls (often called the side attic), the sloped ceiling portion of the roof, the flat ceiling 
portion of the roof, and the gable end walls (where the windows usually are). There could be dormers 
as well, which require careful detailing. Air sealing is the biggest challenge in these spaces, as there 
are so many places where thermal bypasses can occur. 

 The best approach is to air seal and insulate the roof structure itself. One approach is to create a 
vapour and air barrier in the rafters or upper truss chord using a two-inch thick layer of closed cell 
spray foam product to enclose the whole attic in the building envelope, and install batt insulation to 
make up the remainder of the target insulation level. This eliminates all the challenges of making a 
continuous interior air/vapour barrier over the various intersections, junctions, angles and corners. 
Alternately, install batt insulation in the rafters and 6 mil poly, sealed, as an interior air and vapour 
barrier. 
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Sloped Ceilings 
 
Exactly how to best approach insulating a sloped ceiling is a topic of debate, but in practical terms, it 
hinges on what the local building code requires and which insulation material is chosen. If fibrous 
insulation is used, building codes will often require continuous ventilation in the sloped ceiling, known 
as a ‘cold roof’.  

Fibrous insulation does not make a complete seal with the roof deck, which allows heat to build up 
behind the insulation, which can then damage the roofing material, especially asphalt shingles, 
reducing their lifespan. The ventilation baffles allow the heat to escape through the ridge vent. The 
downside is that the ventilation baffles or spacers reduce the amount of insulation that can be 
installed.  

The other method is known as a ‘hot roof’, and does not have any ventilation. In a hot roof installation, 
spray foam, either open or closed cell, is applied to completely fill the rafter cavities, creating a 
continuous air barrier and sufficient insulation levels to avoid ice damming issues. Open cell foam may 
require an additional vapour barrier.  

If poorly carried out with voids and gaps that would allow heat to build up under the roof deck, a hot 
roof could cause severe damage to the roof structure and the roofing material in a very short amount 
of time. 
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11. Fundamentals of Windows and Doors 
 

This module deals with windows and doors. The amount of heat loss from inside the house to the 
outside, or the other way around, depends on the materials that make up the building envelope. In 
cold climates, heat loss to the exterior causes people to be uncomfortable. Drops in the comfort level 
in a house are a product of heat and air flows.  

Often, discomfort can be a result of radiation, but it can also be due to convection or through 
conduction (directly, by touching a surface colder than skin temperature – or indirectly, by thermal 
bridging through the building envelope). Windows combine all three of these heat flows in one losing 
package. 

On the other hand, windows positively affect human comfort in several ways, providing light, views of 
the outdoors, and natural ventilation. They also allow for passive solar gain  and some free heat from 
the sun. In this module, we will be focusing on the challenge of reducing heat loss through windows 
while preserving all the other benefits.  

As the weakest part of the thermal envelope, windows can account for 10 to 20 % of the outside wall 
surface in a room, so heat transfer through them has significant impact on comfort within the house. 
Air leakage in the small space between the window and the wall framing can lead to significant 
discomfort due to drafts. 

Most older windows lag behind new windows in terms of insulating value, solar heat control, 
airtightness, and comfort levels. New windows can out-perform old windows, but they are very 
expensive. The decision as to whether to tackle the shortcomings of existing windows by improving 
them or by replacing them with new, more effective ones is often far from automatic. In addition to 
the issues already mentioned, it may involve aesthetics, future maintenance requirements and costs, 
and home resale value.  

Doors offer better insulation values than windows because of the materials they are made from but 
have limits to the insulation levels because of their purpose and construction. As with windows, air 
leakage around a door’s rough opening can be a big cause of heat loss, as can a poorly maintained 
threshold or weatherstripping. 

 

After completing this module, you will be able to: 

•     Explain how heat transfer through windows affects human comfort 

•     Describe the features of high-performance windows 

•     Describe the features of high-performance doors 

 

70 



 
Characteristics 
 
Review the terms for all the primary parts of any window or door. Doors have similar parts to windows. 
Doors in houses are most often hinged or sliders. 

Window Parts 
 
Windows are either fixed or operable. There are two main types of operable windows – ones that open 
on hinges and ones that slide open.  

Rough stud opening:  The hole in the wall that the window fits into. 

Glazing -  The glass. Pieces of glazing are called panes. 

Sash -  The sash holds the glass. 

Jambs –  The jambs hold the sash. There are side jambs and a top jamb. Jambs are also called the 
frame. 

Sill -  The sill is the bottom jamb. It slopes away from the interior. 

Casing –   The trim. It sits flush to the wall, covering the jambs and the rough stud opening.  

Stop –  The stop prevents an operable window sash from moving laterally or vertically. 

Door Parts 
 
Rough stud opening:  The hole in the wall that the door jamb or frame fits into. 

Jambs –  The jambs hold the door; they make up the frame. There are side jambs (a latch and a hinge 
jamb) and a top jamb, usually called the head jamb.  

Threshold  – The threshold, also called the sill, is the bottom jamb. It supports the frame and usually 
slopes away from the interior. 

Panel  – Traditionally doors were built with panels that were fitted into frames built of stiles (the vertical 
boards) and rails (the horizontal boards).  

Lite –  A piece of glass used in place of a panel. 

Casing –   The trim. It sits flush to the wall, covering the jambs and the rough stud opening.  

Stop –  The stop prevents the door from swinging through. 
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Comfort 
 
When the amount of heat released by the body is equal to the amount of heat produced by it, we 
are said to be in a neutral environment. Our comfort depends on what we are doing (sitting, sleeping, 
running, relaxing, working out), on the surrounding air (its temperature, movement, and relative 
humidity), and on the radiant temperature of the surrounding surfaces. If our surrounding environment 
is warmer or cooler than neutral, we are likely to feel uncomfortable and think about shedding or 
adding layers of clothing. 

Because glass can conduct heat really well, windows are a major source of discomfort in houses. Even 
new, high performance windows still conduct heat really well, but the way they are constructed can 
improve the level of comfort.  

Radiation 
 
Nearly half of the physical discomfort people experience is based on the exchange of radiant heat 
between our bodies and the surrounding surfaces in the house. Windows are a big part of this 
because glass is such a good conductor of heat.  

In the winter, exterior temperatures drive interior glass surface temperatures down below room air 
temperature. A person exposed to a cold surface can experience significant radiant heat loss to that 
surface and feel uncomfortable, even if the room air temperature is comfortable.  

The same holds true for the summer, except instead of the glass surface stripping heat from the room, 
it allows heat (in the form of direct solar gain) into the house, especially through those rooms with 
windows to the west. The windows to the west are exposed to the long, slow decline of the sun 
throughout the afternoon and into the evening. This can cause overheating in exposed living spaces, 
while other parts of the house remain cooler. Regardless, the biggest challenge with windows in 
Canada is maintaining reasonable comfort levels during the heating season, especially at night.  

Solar Gain 
 
Not everything about radiant heat and windows is bad. If properly managed, direct sun (or solar gain) 
can positively impact thermal comfort. It works like this: Radiation from the sun hits the atmosphere as 
short-wave radiation. When it passes through glass it becomes long-wave radiation, and if the building 
envelope (including the windows) can trap this long-wave radiation inside the house, it becomes 
usable heat for the occupants. In Northern countries such as Canada, most of this ‘free’ heat from the 
sun can be garnered from windows facing the southern quadrant of the sky. This is the basic idea 
behind passive solar design. 

Convection 
 
A second major source of winter discomfort is drafts. Drafts near windows can be a result of air 
leakage, but they can also result from heat loss through the glass to the outside. As this heat loss cools 
the inside surface of the glass and the air in front of it, the denser, less active air molecules sink toward 
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the floor, pulling warmer ones from the ceiling. It’s a classic convective loop . As usual, the bigger the 
difference in temperatures, the more effectively the process works and the less comfortable we feel. 

Wind Washing 
 
If the wind is blowing, the effect of the convection loop is even stronger. When it’s cold out and the 
wind blows, warmth is essentially stripped from the outside surface of the glass at a faster pace, 
speeding up the rate of heat loss from the interior to the exterior. The lower the outside temperature, 
and the faster the wind blows, the colder occupants feel. Radiation is at play here too. As the window 
surface gets colder, the occupants lose more heat to it, because heat always wants to be in 
equilibrium. When you add in the wind effect on the house -- where cold air gets drawn through 
cracks and crevices in the window unit, the rough stud opening that the window sits in, and any 
damaged weatherstripping -- the comfort level drops even further. 

Conduction 
 
Conduction through a window is not usually a direct cause of discomfort – that would require contact 
between someone’s body and the glass. However, conduction through thermal bridging can cause 
radiant and convective heat loss. Here’s how: A window is made up of one or more panes of glass 
held in a frame. Every layer of glass is a good conductor, and usually the materials that window frames 
are made of – wood, plastic, aluminum – are also good conductors. Together they allow uncontrolled 
heat transfer from warm to cold (inside to outside), which cools down all the window’s surfaces. Even 
in windows with high-quality glazing systems, thermal bridging through the frame can be a source of 
significant heat loss, and this leads to discomfort because occupants lose heat to the colder surface 
via radiation.  

 

Wrap-up 
 
Radiation, Convection and Conduction all work together to allow lots of heat loss at windows. New, 
high-performance windows are not much better at reducing heat loss, so they aren’t a great 
short-term investment when comparing dollars spent on new windows and dollars saved in energy 
costs. However, high-performance windows reduce levels of discomfort, by increasing the 
temperature of the inside glass surface and decreasing the amount of air leakage through the 
window unit itself.  

But glass temperature isn’t the only measure of discomfort from a window. There are also drafts related 
to worn weatherstripping or poorly sealed windows. Taking the same four window types, the single 
clear window is more than twice as likely to be the cause of discomfort because of cold glass than the 
two high-performance types. The single clear and double clear windows, which represent a large 
number of older windows, have a significant amount of discomfort associated with drafts, while the 
new triple glazed unit has very little discomfort due to drafts associated with it.  

Improving comfort levels extends beyond reducing drafts and cold glass on windows. Older, leaky 
houses in cold climates often get very dry in the winter, leading to static electricity, irritated/dry throats, 
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and other health-related problems. When the house is closed up in the winter, and humidity levels go 
up because a humidifier is used, or, in the case of an airtight house, there is a less-than ideal 
ventilation system, there can be risk of condensation forming on windows. This reduces visibility, causes 
damage to the window and surrounding frame, and can lead to mold growth which can cause 
health problems.  

By increasing the temperature of the inside glass, and improving the edges by using insulating spacers 
and frames with thermal breaks, high performance windows can tolerate higher interior humidity levels 
without condensation appearing.  

 

The Insulation Value of Windows 
 
Windows are essentially thermal holes in the building envelope. They conduct heat out of the house 
most of the time, so instead of having an R-value that tells us how well windows insulate, that is, how 
much they slow down the rate of heat transfer, they have a U-factor  that tells us how well windows 
conduct heat. The U-factor is the R-value turned on its head – the inverse of ‘R’. Remember: 

R-value is how well something (like fiberglass batting) insulates. Higher R-value is good.  

U-factor is how well something (like a window) conducts. Lower U-factor is good  

Windows have three distinct areas of heat loss that act differently from each other. One is at the edge 
of the glazing, one is at the centre of the glazing and the other is at the window frame and sash. Yet, 
the window is given one U-value, which makes calculating its contribution to the overall energy 
efficiency of the building envelope much easier. But, to make it a little more complicated, U-factors 
are noted by manufacturers in two ways: centre of glass and overall. 

The centre-of-glass U-factor is just that: it is a measure of the heat transfer through the glazing and 
doesn’t consider the impact of the frame edge effects and material. While the glazing characteristics 
– number of panes, the size of the glazing, the gas fill within the cavities, the types of coatings on 
specific glazing surfaces – are definitely the main indicators of the U-factor, windows are complex, 
three dimensional objects, with major differences in materials that can improve or reduce the 
effectiveness of the window as a whole. For example, in a double-glazed unit, metal spacers have a 
much higher heat flow than the center of glass and cause an increase in heat loss along the outer 
edge of the glass that wouldn’t be so dramatic if an insulating spacer were in place.  

The Overall U-factor combines the total window assembly: the insulating value of the glazing itself, the 
edge effects, and the window frame and sash. Edge effects become more important as the U value 
of the entire unit improves, and also in smaller units, where there is more edge than center of glass.  

It is important to make sure that when you are comparing windows from different manufacturers, that 
you are looking at the same type of U-factor. 
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High-Performance Windows 
 
High-performance windows typically incorporate several strategies to reduce heat loss and improve 
human comfort. The most commonly available windows have two or three layers of glass, or glazing, 
which are separated from each other by spaces. This increases the temperature of the inside surface 
of the inside pane, reducing radiant heat loss and the potential discomfort of radiant asymmetry . The 
spaces are filled with an inert gas to slow down convective currents inside them. Low-emissivity 
coatings help bounce heat back into the room, or out of the room, depending on their position on 
each layer of glazing. Glazing layers and coatings can be chosen for individual windows, depending 
on their orientation to the sun – this is called selective glazing . To reduce thermal bridging, the spacers 
holding the layers of glazing apart are made out of non-conductive materials, and the frames of the 
windows have thermal breaks , or, in some cases, are insulated. All of these strategies lead to improved 
comfort levels and fewer condensation issues inside the house. 

The ENERGY STAR program provides a reliable guide to choosing high-performance windows. To be 
ENERGY STAR qualified, windows must meet specific energy efficiency levels that have been set for 
Canada’s four climate zones and be certified by an accredited agency. Products comply based on 
either their U-factor or their Energy Rating (ER), which combines U-factor, air leakage, and benefits 
from solar gain. An up-to-date list of ENERGY STAR qualified windows can be found at the Natural 
Resources Canada website. ENERGY STAR rated windows are required for new construction or 
significant renovations in many parts of Canada. 

Multiple glazings 
 
Double and triple glazed windows have come into widespread residential use in recent decades. A 
typical double window has a ½ inch space between the two panes, and a triple unit has a tighter 
space, between ½ inch and 3/8 inch. A drawback of triple glazed windows, both for transportation 
and installation, is their weight – especially with large units. Some manufacturers have overcome this 
by offering a window that sandwiches a suspended film between two layers of glass.  

Low-E coatings 
 
Low-emissivity, or low-E , coatings are very thin, virtually invisible metallic layers applied to glazing 
surfaces to reduce the window’s U-factor by limiting radiant heat flow. In effect, low-E coatings are 
mirrors – not for visible light but for infrared (or heat generating) light, reflecting it away from or back 
into our living spaces. The specific location of a window’s low-E coating depends on whether the goal 
is to keep the heat outside or inside the house. In colder climates like ours, the priority is usually keeping 
the heat in.  

So, where does the low-E coating go in windows for cold climates? The surfaces of the glazings are 
identified by number, starting on the outside. In cold climates,  low- E coatings usually face the 
insulating airspace. For a double-glazed window, this means a coating on surface 3 – for a 
triple-glazed window, it means a coating on surface 3 and another on surface 5.  
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Inert gas fills 
 
Filling the spaces between glazings with a gas that is heavier, and therefore slower moving, than air 
minimizes the convection currents within the spaces and conduction through the unit. This reduces the 
overall transfer of heat between the inside and outside. The gases used – usually argon, sometimes 
krypton – are known as inert, or noble, gases because they don’t break down or chemically react with 
other substances. Argon is often used because it is relatively inexpensive and it reduces the 
conductivity between the panes of glass by two-thirds compared to plain air. Krypton is a better 
insulator, but is more expensive. Argon is most often found in double pane windows, while Krypton is 
more commonly used in triple pane windows, which have smaller gaps between the glazings than 
double panes, which offsets the higher cost somewhat.  

Solar Heat Gain Coefficient 
 
The Solar Heat Gain Coefficient  (SHGC) describes the amount of solar radiation admitted through the 
glazing of a window on an average clear day. It tells you how well the glazing blocks heat caused by 
sunlight on a scale of 0 to 1. The lower the SHGC, the less solar heat the window transmits.  

SHGC is influenced by the glazing type, the number of panes, and any coatings. One layer of 
uncoated clear glass is typically about .8; a typical double-pane window without low-e sits around .7. 
Adding a low-e coating decreases this value slightly. The SHGC for the whole window is affected by 
shading from the frame and the ratio of glazing to frame. The frame itself has a very low SHGC.  

Visible Transmittance 
 
Visible Transmittance  (VT) is a measure of the amount of visible light the window lets through. This is not 
the same as the amount of solar heat gain. VT is also measured on as scale of 0 to 1. The higher the VT, 
the more light you see.  

VT is influenced by the glazing type, the number of panes and any coatings. VT for a single pane 
window with clear glass can be around 0.9, while a clear double pane window can have a VT of 
about .78, with low-e coatings typically reducing this slightly. However, new low-solar-gain low-e 
coatings have made it possible to reduce solar heat gain without reducing visible transmittance.  

Insulating spacers 
 
Older style double and triple pane windows often have metal spacers between the glazings, which 
conduct heat, promote moisture condensation, and reduce the benefit of having multiple layers of 
glass. Newer multi-glazed windows have spacers made of non-metallic materials that are poor 
conductors of heat – like foam, vinyl, and fibreglass – which are often used in combination with special 
sealing and drying materials.  
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Frames 
 
Window frames are available in several materials, with vinyl, fiberglass and wood being the most 
common. For many homeowners, one of the plusses of vinyl or fibreglass frames is that there is very little 
maintenance required to the interior or exterior surfaces. Vinyl and fiberglass frames are hollow but are 
constructed with thermal breaks or filled with insulation to reduce conduction. Wood is more prone to 
degrading, but wood frames can be clad with aluminum or other weather-resistant materials to 
improve their durability and reduce their maintenance requirements.  

The material used to manufacture the frame not only governs the physical characteristics of the 
window – such as frame thickness, weight, and durability – but also has a major impact on its thermal 
characteristics. The unit’s U-factor reflects the thermal properties of the frame as well as the glazing – 
and, since the sash and frame represent 10 to 30 % of a window’s total area, the frame’s properties will 
significantly influence the unit’s total performance.  
 

 

New Doors 
 
Most new house plans specify stock door sizes, and home centers stock prehung exterior doors in a 
number of styles, so there’s little  to worry about  regarding any problems with installation. When 
selecting a door for energy efficiency, look for Energy Star rated units suitable for your climate zone.   

There are three types of doors to choose from. Insulated steel doors with magnetic weatherstripping 
are popular because they’re inexpensive and require little maintenance. Fibreglass doors won't warp 
or rot, and the more expensive models are hard to tell apart from real wood. The R-values of steel and 
fibreglass doors range from R5 to R6. Adding a window, or lite to the door will reduce the insulating 
value. A wide selection of styles are available for wood doors, which will require regular maintenance 
to maintain the finish.  

Patio doors act like very large sliding windows and lose more heat than other doors because they are 
primarily glass. Most modern glass doors have a thermal break and offer low e coatings as well as gas 
fills, just like high-performance windows. A sliding door does not have as tight a seal as a hinged one 
that can be locked down onto the weatherstripping.  

Half-way between hinged and sliding doors are ‘tilt and turn’ units. These units open inward on hinges 
mounted on one long side like a standard door, but can also be tilted open to the interior from a set of 
hinges on the bottom of the frame, providing ventilation and security at the same time. When closed, 
the units seal tightly to the weatherstripping like a hinged door.  

New doors – hinged, sliders, or tilt and turn – usually come pre-hung in a frame. When the frame is 
inserted into the rough opening it must be leveled; the space between the frame and the rough 
opening is then filled with low-volume spray in foam to insulate and air seal around the unit.   
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12. Fundamentals of Energy 
 
The outdoor climate is the biggest influence on human comfort and the approaches taken in building 
design to maintain comfort levels in the indoor environment. The outdoor temperature, relative 
humidity, solar gain, weather and wind affect the building envelope and determine the space 
conditioning needs – the amount of heating, cooling, or ventilating needed to keep the occupants 
comfortable. 

The building envelope also plays a key role in determining comfort levels and space conditioning 
needs. A well-sealed, well insulated building will be more comfortable in general, because it will have 
fewer air temperature swings, fewer drafts and fewer issues with humidity than one that is leaky and 
poorly insulated. 

 

After completing this module you will be able to: 

•     Explain the elements of human comfort and how mechanical systems are  

       used to maintain comfort levels in a house 

•     Describe the most common fuel and energy sources for new construction 

•     Describe the factors involved in carrying out heat loss and  

               heat gain calculations 

 

 

Occupant Health 
 
Most people are comfortable when the indoor air temperature is between 18 and 22 °C, or 65 and 75 
° F.  This range of air temperatures, in combination with the radiant temperatures of the surrounding 
surfaces, puts the human body in thermal equilibrium – that is, as much heat is being lost to the 
surrounding environment as is being gained from metabolism. 

Relative humidity is another very important comfort factor. In the summer, RH determines how fast 
sweat can evaporate from the skin. Humid air feels better in the winter, as overly dry air can cause dry 
throats and itchy skin. Indoor RH levels are dependent on the outdoor conditions, the amount of 
moisture that is being produced inside the building, and the rate of fresh air movement through it.  

To maintain ideal comfort levels indoors and to prevent condensation issues, relative humidity should 
be kept below 60 % during the summer and below 40 % in the winter. 
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Moving air – natural ventilation through windows and doors or air pushed by blowers and air 
conditioning – is the key to summer comfort, but while some air movement is important in the winter, it 
must be controlled to avoid cooling down the occupants and causing discomfort. 

 

Degree Days 
 
The outdoor air temperature is the most important factor in determining the need for energy use to 
maintain comfort levels indoors. Anytime the outdoor air temperature strays outside the comfort 
range, there is need of heating or cooling. The way this is measured is through degree days.  

Heating degree days (HDD) describe how long the outdoor temperature is below 18 °C over the 
course of an average year.  

Cooling degree days describe how long the outdoor temperature is above 26 °C.  

These temperatures are known as the balance points – in between them no energy is required to 
maintain indoor comfort levels. While the theoretical balance point for heating is 18 °C, in practice, 
balance points vary with the thermal qualities of the individual building envelope. A well-insulated, 
well-sealed envelope may not require heating until the outdoor temperature is well below eighteen.  

 Cooling degree days are less reliable than heating degree days because the amount of shading an 
individual building gets and relative humidity levels are often more important than the outdoor air 
temperature when it comes to comfort in hot weather. 

Most Canadian buildings are focused on providing comfort during the winter, and so the 
specifications for the envelope and mechanical system package is driven by the number of heating 
degree days. According to the National Energy Building Code of Canada, there are five heating 
degree zones. The higher the degree day value, the colder the location and the longer the heating 
season. There are three climate zones in Ontario. Most of Ontario is in Zone B and C. Energy Star rated 
windows are qualified to meet comfort levels by climate zone. 
 

What Are Mechanical Systems? 
 
The purpose of a mechanical system is to provide our homes with a conditioned, healthy and 
comfortable indoor environment. The goal is to provide these benefits while being affordable, safe 
and energy efficient. 

Space conditioning is generally the term used to describe the process and function of a mechanical 
system that includes: 

•   Heating the home in winter 

•   Cooling the home in summer 

•   Ventilation (exhausting stale air and supplying fresh air) 
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The system can also: 

•   Control indoor humidity levels to be safe and comfortable for both the occupants and the  
      structure 

•   Filter indoor air to remove impurities 

 

Centralized heating and cooling systems all consist of four main components: 

1. An energy or fuel supply 

2. Heating or cooling equipment 

3. A distribution system 

4. A set of controls 

 

Ventilation strategies offer a wide variety of options, from spot ventilation – bathroom fans and range 
hoods -- to whole-house balanced ventilation. 

A house that is well-insulated and has a low air exchange rate will require much less energy to heat or 
cool. Current building code requirements aim for energy efficient building envelopes. As building 
practices move beyond code requirements to very low energy use targets that can only be met with 
specific details and assemblies, the design of the heating system needs to become more precise as 
well. Heat loss and heat gain calculations become more important, as they determine the size of the 
equipment and the amount of heat that needs to be delivered to maintain comfort levels throughout 
the house. 

By minimizing the amount of heat that is able to escape the house, the heating system has much less 
work to do to keep the house heated. This means a smaller capacity heating system which could 
have lower up-front costs and lower operating costs. Higher insulation levels also means a more stable 
indoor environment with less temperature fluctuation and a higher degree of comfort for the 
occupants. 

A tightly air sealed envelope has very little uncontrolled airflow – infiltration - through the envelope, 
fewer drafts, and overall less heat loss. A well-sealed envelope means there is high potential for heat 
recovery with a balanced ventilation system, where a drafty envelope reduces the effectiveness of a 
heat recovery ventilator. 

As uncontrolled airflow passes through the holes in the building envelope, it can pick up dust and 
particulate pollutants. A well-sealed envelope also means that the fresh air supply can be properly 
filtered by a balanced ventilation system to ensure a clean healthy air supply. 
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Fuel & Energy 
 
The choice of fuel supply for a heating system varies depending on local availability, environmental 
impact/system efficiency, cost, maintenance requirements, and equipment preference. 

The most common fuel types are:  

Natural Gas Fuel Oil Propane Electricity 

 

There are two types of energy measurements: 

Energy consumption – how much energy is needed to heat or cool a building in a year. It can be 
measured in British thermal units (Btus), kilowatt hours (kWh) or megajoules (MJ).  

Energy Capacity – how much energy heating equipment can provide in an hour is determined by a 
heat loss/heat gain calculation, and refers to the size of the heating equipment. The capacity of gas 
and oil fired equipment is typically measured in British thermal units per hour (Btu/hr). The capacity of 
electric heating equipment is typically measured in kilowatts (kW). 

 
There are three types of energy units typically used in relation to mechanical systems in houses: 

British Thermal Unit One British thermal unit (Btu) is equal to the amount of energy it takes to raise the 
temperature of one pound of water by one degree Fahrenheit.  One Btu is the amount of heat energy 
given off by a typical birthday candle -- the capacity. If the candle burned for an hour, it would 
provide 1 Btu/h -- the consumption. 

KiloWatt One kilowatt (kW) of electricity contains about 3 412 Btu of heat energy. A kW, or kilowatt, 
1000 watts of electricity, is the amount of power required to light up ten 100-watt light bulbs -- the 
capacity. If the lights were left on for 1 hour, they would use 1 kilowatt-hour of electricity -- the 
consumption. There are 3.6 Megajoules in a kilowatt-hour. 

Cooling Ton There is also an additional unit of measurement that is used to describe the cooling 
capacity of air conditioners and heat pumps: the "Ton". One Ton is 12,000 BTU per hour (BTUH), which is 
equal to the number of BTU’s absorbed by a ton of ice melting in 24 hours. A ton is equivalent to three 
and a half kilowatts. 

Fuel Capacity 
 
Here are some comparisons of fuel capacities: 

One cubic metre of natural gas contains about 35 500 Btu of energy. There are roughly 9 kilowatt hour 
equivalents or 37.5 MJ in a cubic meter of gas. 

One litre of propane contains about 21 600 Btu of energy. There are roughly 6 and a half kilowatt hour 
equivalents or 25.3 MJ in a liter of propane. 
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One litre (L) of Number 2 fuel oil contains about 36 500 Btu of heat energy. There are roughly 10 kWh e 
or 38.2 MJ in a litre of fuel oil. 

Efficiency Ratings 
 
Energy Efficiency = how much of the energy contained in a fuel becomes heat. All fuel burning 
equipment loses heat due to on/off cycling and incomplete combustion. 

Steady State Efficiency = the efficiency of the heating equipment at peak-level operating 
temperatures. 

Annual Fuel Utilization Efficiency (AFUE) = the average efficiency of the heating equipment over a 
complete heating season. 

Combustion Fuels 
 
Natural gas, propane and oil rely on combustion – the chemical chain reaction between carbon and 
hydrogen molecules – to release heat. 

The process begins at the burner. The heat from the flame and the hot gases it produces is transferred 
to a heat exchanger, which then heats air or water. Ducts or pipes carry the heated air or water to the 
end use. Heat is lost from the system the more times it is exchanged between surfaces or mediums, as 
well as the further it moves away from its origin at the burner. 

Natural gas used for heating is typically piped into buildings. Natural Gas is measured in cubic metres 
(m3) or cubic feet (Cu.ft). 

While natural gas is piped into buildings, oil and propane typically have storage tanks on site. 

Oil used for heating is usually Number 2 fuel oil. Number 1 fuel oil, a slightly lighter fuel, is used in colder 
regions. Oil is measured in litres (L). 

Propane has a lower hydrogen content than natural gas, which means that less energy is contained in 
water vapour in a propane system than in a natural gas system. Propane is measured in litres (L). 

Electricity 
 
Electric resistance heating changes electricity into heat. The electric current passes through resistive 
wires, bars, coils or plates. The heat can be transferred via radiation, convection and/or conduction, 
depending on the type of equipment used. Electric resistance always provides 100 % efficiency at the 
heater. However, the overall efficiency is based on how efficiently the electricity was generated and 
transmitted across the power grid. Electricity is measured in kilowatt-hours (kWh). 
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Heat Loss/Heat Gain 
 
Heat Loss and Heat Gain are calculated by first measuring the dimensions and thermal characteristics 
of a building and, and then, using seasonal inside and outside design conditions for the climatic 
region, calculating the number of BTU’s lost and gained. 

The four factors that affect heat loss and heat gain are: 

● Temperature difference 

● Area of the building envelope 

● Thermal resistance 

● Air tightness 

As most rooms differ from one another in shape, volume, window and door configurations and exterior 
wall and ceiling areas, the heat loss and heat gain for each room must be calculated to determine 
how much heating or cooling must be delivered to each room.  

This is done by measuring each room and determining the thermal resistance of the building envelope 
materials, then applying an air leakage factor and heat loss and heat gain factors for equipment, 
appliances, and occupants. Adding together the results for all the rooms determines the size and 
design of the heating or cooling equipment.  

There are software packages that do most of the number crunching once the dimensions of the 
building are input and the thermal envelope characteristics are chosen. 

Heat transfers through the building envelope materials via conduction. In the winter, this happens from 
the inside to the outside, and in summer, from outside to inside. How fast the heat transfer happens 
depends upon the difference between the inside and outside temperatures. Regardless of the 
direction of heat flow, the greater the temperature difference, the faster the heat transfer. The rate at 
which it happens is measured in Btu per hour (Btu/h) or MJ/h. 

CSA F-280 
 
CSA F-280 is the standard for heat loss/heat gain calculations in Canada. It is referenced in all 
Canadian building codes. It considers heat loss and heat gain across all components of a house: 
below grade, above grade, air leakage, ventilation, internal gains, plug loads, and window shading. 
The 2012 standard includes two spreadsheets that are required to ensure the correct envelope 
leakage rates and foundation loads are included. Software packages may or may not include these. 
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Heat Loss 
 
Furnaces are sized to meet, usually with a safety factor, the heat loss. Air conditioners are sized to 
meet the heat gained, with no safety factor -  as too large of an air conditioner will not do a good job 
of removing humidity. 

The primary starting point for determining heat loss calculations are two temperature design 
conditions: the inside and outdoor design temperature. The inside design temperature is where most 
occupants would be comfortable during the winter -- 20°C. For the design heat load in the winter, the 
outdoor design temperature is the coldest outside temperature the house will experience. 

If it is 20º inside the house and 5ºC outside the house, the 15º temperature differential will cause a 
certain number of BTUs to leave the house each hour. If the heat loss of the house at 5ºC outdoors is 8 
500 BTUH, the heating system needs to produce 8 500 BTUs each hour to keep the house at 20º when it 
is 5º outside. As it gets colder, the house will lose more heat per hour, and the heat loss will be higher.  

In winter, conduction to the outside, plus air leakage via infiltration and exfiltration that is driven by the 
stack effect and the wind effect, is called heat loss. The heating system needs to produce enough 
heat to maintain the interior design temperature at 20°C  when the outside temperature reaches the 
outdoor design temperature. 

 

Heat Gain 
 
Sizing air conditioners is a little more difficult than sizing furnaces. An air conditioner actually has two 
jobs, to lower the inside temperature (i.e. remove heat) and to lower the inside humidity (i.e. remove 
moisture). 

A building gains heat from actual outdoor temperature and humidity levels. It gains some heat from 
the people inside of it and heat from the lights, electronics and appliances they use. But, most of the 
heat that is gained in the house is from solar radiation. 

The heat associated with the temperature of the air and solar radiation is called the Sensible Heat 
Gain. The heat associated with the relative humidity of the air that leaks in due to infiltration and the 
water that evaporates from people’s skin, as well as the moisture in their breath, is called the Latent 
Heat Gain. If you add up the Sensible Gain and the Latent Gain you get the Total Heat Gain. 

The Summer Design Conditions consist of the Summer Design Temperature, the Summer Moisture 
Content, and the Daily Temperature Range. The daily range is a measurement of how the 
temperature varies during the day. A high daily range means temperatures start cool in the morning, 
become hot in midday and cool down at night. A high daily range will result in a lower heat gain than 
a low daily range, where it starts out hot and stays hot all day. The air conditioning system needs to 
produce enough cooling to maintain the interior design temperature when the summer design 
conditions are met.  
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13. Mechanical Systems Overview 
 
Heating and cooling equipment sold in Canada must conform to safety standards established by the 
Canadian Standards Association (CSA) and, in some cases, provincial safety codes.  

Heating equipment must comply with Canada's Energy Efficiency Regulations, which require all new 
fuel-fired furnaces and boilers to meet certain energy performance standards. Natural Resources 
Canada administers and amends the Regulations on a regular basis to strengthen existing 
performance standards.  

The governments of Nova Scotia, New Brunswick, Quebec, Ontario and British Columbia also regulate 
energy-using products. In some cases, provincial regulations may differ from federal requirements or 
may apply to other types of energy-using equipment.  

Models that display the ENERGY STAR® symbol are top in their class for energy efficiency. 

 

After completing this module you will be able to: 

•     Identify the most common space heating equipment options  

       for new construction 

•     Identify the most common space cooling equipment options  

               for new construction 

•     Explain common delivery systems and controls for  

               space heating and cooling 

 

 

Space Heating 
 
Many Canadian houses use a furnace, a boiler, or a heat pump as part of a central heating system. 
Other components can include: 

• storage tank for oil or propane 

• chimney or other venting system 

• connection to gas lines or electric power lines 

• 200-ampere service for electric heating 
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• distribution system (ducting system or pipes and radiators) 

• thermostats and controls 

• trenching or drilling for earth-energy systems (ground-source heat pumps) 

Furnaces 
 
Forced air furnaces are the most common heating equipment in Canada. A furnace powers a central 
heating system. Heat is provided by a burner and plate heat exchanger, and heated air is distributed 
throughout the house by a blower unit. Typically, furnaces are fired by gas or oil, but propane, 
electricity, and wood-fired models are also available. 

A circulating fan or blower passes cool house air from the cold air return ducts over the furnace heat 
exchanger, where the air is warmed up and distributed throughout the house via the supply ducts. 

There are three main configurations of furnaces, based on how air flows through them: 

• Upflow for basement floor locations 

• Horizontal flow for crawl space installations 

• Downflow for installations in mobile homes or on the main floor of slab-on-grade houses 

 

Energy Efficiency Requirements 
Gas furnaces must have an AFUE of at least 90 %  

Gas furnaces that qualify for ENERGY STAR labelling must have an AFUE of at least 95 %  

Oil furnaces must have an AFUE of at least 78 %  

Electric furnaces do not have efficiency requirements under the regulations 

 

The highest efficiency furnaces that burn gas, propane or oil are condensing units that extract heat 
from the water vapour in the combustion gases. The water vapour can contain over 10 % of the total 
heat energy available from gas and about 6 % from oil.  

Condensing furnaces have an extra heat exchange section where combustion gases are cooled to a 
point at which the water vapour condenses, releasing additional heat into the furnace. The 
condensate is piped to a floor drain or condensate pump and the residual cooled gases are vented 
out of the side of the house through an approved plastic pipe. 

Condensing furnaces are well-suited for the tight construction of energy-efficient houses because they 
don’t require a chimney and they are less prone to condensation and long-term vent degradation 
problems than older furnaces. 
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There are more challenges involved in developing high-performance condensing oil furnaces or 
boilers than gas units because: 

• The dew point of oil is much lower than gas, meaning the furnace has to work harder to 
condense less 

• The condensate from oil is corrosive and produces soot, requiring a more robust condensing 
heat exchanger 

In well-sealed buildings, the operation of exhaust fans (such as kitchen and bathroom fans and clothes 
dryers) can cause combustion spillage and backdrafting from fuel-burning appliances. Sealed 
combustion furnaces and boilers prevent this potential safety problem because they do not draw any 
air from inside the house for combustion or vent gas dilution. Instead, outside air is directed to the 
combustion chamber via a two pipe configuration. 

In oil-fired systems that don’t have sealed combustion, a barometric damper in the flue pipe responds 
to changes in pressure at the top of the chimney and pulls heated room air into the exhaust to 
overcome issues with depressurization. This is called dilution air. The volume of air drawn through the 
barometric damper is much larger than that required for combustion and can account for up to 15 % 
of the overall heat loss. 

With any furnace, the blower can be used year-round to provide continuous air circulation throughout 
the house. Electronically commutated, or brushless DC motors, can reduce annual electrical use by 
the furnace by more than 70 % when compared to standard permanent split capacitor (PSC) motors. 
During the summer months, energy is saved by not adding as much heat to the cooling air as a less 
efficient motor. 

How to maximize the performance of a furnace: 

● Have a proper room-by-room heat loss calculation done 

● Limit the selection to the highest efficiency units available 

● Choose a furnace with a variable speed, high-efficiency, brushless DC motor 

Boilers 
 
Heat is provided by a burner and hydronic heat exchanger, then the heated water is distributed by 
pipes and pumps to radiators, convectors, or tubing throughout the house. 

 

Energy Efficiency Requirements 
Gas boilers must have an AFUE of at least 82 per cent 

ENERGY STAR qualified gas boilers must have an AFUE of at least 85 % 

 Oil boilers must have a AFUE of at least 84 % 
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Systems must be equipped with an automatic water temperature adjustment device unless there is a 
tankless domestic water heating coil included in the system. 

Like condensing furnaces, condensing gas boilers employ a burner unit and a heat exchanger unit 
that strips heat from the combustion gases by condensing some of the water vapour. 

For a condensing boiler to extract all the potential latent heat, the distribution system has to be 
designed with a return water temperature that is below the temperature of the condensing flue gas. 
This is most effective with newer low-temperature radiators and in-floor systems. 

Typically, the boiler water temperature is set at the factory at 82°C (180°F). In most systems, a boiler is 
sized to produce enough energy at this temperature to keep the building comfortable in the worst 
part of the year, but the boiler typically does not have to run at 100 % capacity for very many hours in 
a heating season.  

Energy consumption can be reduced by adjusting the temperature of the circulating water in relation 
to heating load changes. Outdoor temperature is the primary variable in heat load. An outdoor reset 
controller saves energy throughout most of the heating season by continuously adjusting the 
circulating water temperature in relation to the outdoor temperature. If the temperature is reduced 
too much on non-condensing boilers, corrosion can occur. 

To maximize the performance of a boiler: 

● Size the boiler properly. Oversizing will cause the boiler to cycle. The more a boiler cycles, the 
lower the seasonal operating efficiency will be.  

● Fine tune the boiler for optimal efficiency. Automatic combustion control systems monitor flue 
gas combustion and adjust combustion air quantities on an instantaneous basis for forced draft 
boilers. 

● High efficiency boilers should be matched with lower-temperature delivery systems, as 
efficiency improves when the return water enters the boiler at a low temperature.  

● Install an outdoor-air reset controller, so that the boiler temperature is lowered to match the 
reduced heat requirement. 

Heat Pumps 
 
Current heat pump technology has been around since the 1930s, but it wasn’t until the 1960s that it 
became economically feasible for cooling. Testing for heating applications in cold climates started in 
the late 1970s. 

Heat pumps work by transferring heat from one place to another, instead of producing heat from 
combustion or electric resistance. In the winter, a heat pump removes heat from the cold outside air 
or ground and transfers it inside the house. In the summer, it removes heat from the air inside the house 
and transfers it outside. 
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Parts of a heat pump: 

Outdoor unit 

Expansion device 

Evaporator coil 

Reversing valve 

Accumulator 

Compressor 

Fan 

Indoor unit 

Condenser 

Fan 

 

 

The Heating Cycle: 
In the outdoor unit, liquid refrigerant is pumped through the expansion device and into the evaporator 
coil. The liquid refrigerant absorbs heat from the outdoor air and turns it into a low-temperature vapour 
that is pumped through the reversing valve. Any liquid still present is collected by the accumulator 
before the vapour enters the compressor. The compressor reduces the volume of the vapour, which 
causes it to heat up, and the reversing valve then sends the hot gas to the indoor condenser unit. The 
heat from the vapour is transferred to the indoor air, which causes the refrigerant to condense. The 
liquid refrigerant then returns to the expansion device and the cycle is repeated.  

The Cooling Cycle: 
The cooling cycle is the reverse of the heating cycle, where the unit takes heat out of the indoor air 
and expels it to the outdoors. During the cooling cycle, the heat pump also dehumidifies the air, as 
moisture condenses on the indoor coil as the air passes over it. 

A defrost mode helps to improve the seasonal performance of the heat pump. When the outdoor 
temperature falls near or below freezing when the unit is operating in heating mode, moist air can 
condense on the outside coil and freeze. To overcome this, the defrost mode shuts off the outdoor fan 
and switches the heat pump into cooling mode, expelling hot air to melt the frost. A demand-frost 
control, which constantly monitors the conditions on the outdoor coil, is more efficient than a 
time-temperature defrost. 

Heat Pump Efficiency Terms 
Heat pumps extract heat from air or water. Because they are ‘extracting’ heat and not producing it 
from a fuel source, the efficiency of a heat pump is noted in a different way than fuel-fired heating 
equipment. Heat pumps typically produce more energy than they consume, and are rated on their 
coefficient of performance, or COP. For example to produce 3 kWh of heat, a heat pump might 
consume 1 kWh of electricity. The COP for this example heat pump would be 3. 

The coefficient of performance (COP) is a point-in-time measure at steady-state, peak efficiency. As 
both the efficiency and capacity of a heat pump decrease with significantly lower outside 
temperatures, the more appropriate basis for choosing a unit in cold climates is the heating season 
performance factor (HSPF), which compares the heat produced during the season to the electrical 
power consumed during the season. In essence, the HSPF is the average COP, which is comparable to 
the AFUE of an oil or gas-fired furnace. 
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HSPF – heating season performance factor; the performance metric for a system that will be used 
primarily as a heat source in a heating climate. It measures the overall heating efficiency of the unit 
over the course of a heating season. The higher the HSPF, the more efficient the heat pump. 

COP – coefficient of performance; the performance metric for the heat output versus energy input. 
This measures the efficiency of the energy usage of the unit in heating mode. 

SEER – seasonal energy efficiency ratio; the performance metric for a system that will be used primarily 
as an air conditioner in a cooling climate. This measures the cooling efficiency of the unit. The SEER is 
based on a climate with an average summer temperature of 28°C. 

Air-source heat pumps have both seasonal heating and cooling ratings (HSPF and SEER ratings), while 
earth-energy systems use only COP ratings. 

As the outdoor temperature decreases, the output of air-source heat pumps declines, but at the same 
time the house’s heat load increases. The point at which the outdoor ambient air is low enough that 
the heat pump’s heating capacity is equal to the heat loss of the house is called the balance point 
temperature. Below this outdoor ambient temperature, the heat pump can only supply a portion of 
the heating requirements. Because of this, air-source heat pumps come with supplementary or 
auxiliary heating equipment – such as electric plenum heaters, oil, or gas-fired furnaces – to meet the 
heat load of the house in colder weather. 

Types of Heat Pumps 
 
Residential heat pumps are divided into two major groups: air-source (air-to-air) and ground source. 

The latest generation of ‘cold climate’ units scavenge more available heat in the dead of winter, 
dropping the balance point temperature to provide a larger portion of the heating load. 
Improvements and modifications to compressors to make them function more efficiently at lower 
temperatures have been key to making heat pumps more cost-effective in cold climates. These 
changes include: 

● Dual capacity scroll compressors that are more efficient than single-stage reciprocating 
compressors.  
 

● Variable speed compressors eliminate the energy losses that are associated with the start-up or 
shut-down of the compressor.  
 

● Ultra-high pressure pumps and fluids help to transport heat more readily. 

Air Source Heat Pumps 
Most air source heat pumps have the compressor coil outdoors and the condenser coil and the air 
handler inside the house, although some systems have both the coils and the air handler outdoors. 
All-electric air-source heat pumps come equipped with electric-resistance heaters. Bivalent heat 
pumps, developed in Canada, use a gas or propane fired burner to increase the temperature of the 
air entering the outdoor coil so the units can operate at lower outdoor temperatures. 
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A central heat pump can take the place of a furnace in a house, or can augment a furnace. Heat 
pumps require 20 to 30 % higher airflow than forced-air furnaces. The ductwork must be designed to 
handle this without any restrictions that could cause issues with comfort levels or excess noise. If a heat 
pump is being added to an existing forced air system, the heat pump coil should be installed on the 
warm (downstream) side of a gas, oil or wood furnace, or on the cold (upstream) side of an electric 
furnace. 

“Mini-split”, or ductless heat pumps, have an outside compressor unit and one or more small 
air-handler cassettes mounted on an inside wall to supply heating and cooling to a single room or 
living space. These systems are available as ‘single point’ – one air handler unit inside or ‘multi point’ – 
two to eight air handler units for separate rooms or areas. 

Ground Source Heat Pumps (GSHP) 
Also known as earth energy systems or geothermal systems, ground source heat pumps extract heat 
from the ground or underground water instead of air. The temperature of the ground or ground water 
changes very little throughout the year, and never falls to the low temperatures of the ambient air. The 
output of GSHP also stays fairly constant, even in colder climates. 

Ground source heat pumps have two parts: piping outside the house, and a heat pump unit inside the 
house. The piping system can be either an open system that draws water from a well directly to the 
heat exchanger, or a closed loop system that collects heat from the ground via a loop of 
underground piping. 

Because ground source heat pumps have fairly constant temperatures in the heat exchange process, 
they have more hours of surplus heating capacity than needed, and can also supply domestic hot 
water by stripping excess heat from the circulating solution and feeding it to the hot water tank. 

Sizing Heat Pumps 
 
In general, an air-source heat pump should be sized to provide between 80 to 90 % of the annual 
heating load, and no more than 125 % of the cooling load, with a balance point between 0°C and 
–5°C. This generally results in the best combination of cost and seasonal performance for a standard 
heat pump. 

Heat pumps are typically sized this way because in Canada, heating loads are larger than cooling 
loads. If the heat pump is sized to match the heating load, it will be too large for the cooling 
requirement, and will operate only intermittently during the summer months. This will likely reduce the 
COP, but more importantly, perhaps, it may reduce the unit's ability to provide dehumidification in the 
summer. However, where there is little or no cooling load, the system could be shut down during the 
non-heating season. 

A ground source heat pump should meet 60 to 70 % of the total space heating and water heating 
requirement to supply about 95 % of the total energy for space heating and water heating. System 
controls can prioritize space or water heating. 

For air source and ground source heat pumps, the occasional peak heating load can be met by a 
supplementary heating system. 
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To maximize the performance of a heat pump: 

● Have a proper room-by-room heat loss calculation done. 

● Make a short list of same-capacity units with reasonably similar, high HSPFs (or COPs for ground 
source heat pumps). 

● Compare the steady-state ratings at –8.3°C or at -18°C for cold climate units. 

● The units with the higher ratings are the most efficient. 

● Of the units that remain, eliminate those that don’t have demand-defrost control. 

● Select a unit with an outdoor sound rating in the vicinity of 7.6 bels or lower if possible. 

 

Other Heating Systems  

Integrated Mechanical Systems 
 
When the space heating load has been reduced, justifying the expense of a high-efficiency furnace 
can be difficult. At the same time, domestic hot water loads are fairly standard, and remain so. As the 
envelope efficiency goes up and the space heating needs drop further, the domestic water heating 
load actually becomes the biggest load. Combining space and water heating to optimize the 
efficiency of a high-performance heating system makes good economic sense. The distribution system 
for the space heating can be hydronic or forced air. A fan coil is like a combination of boiler and a 
furnace. This unit is in essence, a blower (the fan) that pushes air across a radiator (the coil) that is fed 
by a boiler. The heat from the radiator is moved through ductwork to the rooms in the house. 

In 2011, the Canadian Standards Association published a standard - CSA P.11 - for rating the 
performance of combination heating system packages. 

Combo systems, providing space and water heating, first emerged in the 1990s as a way to reduce 
the installed cost of equipment by doing away with the duplication of flues, burners, blowers and other 
components.  

In these systems, a single boiler is used, requiring only one combustion burner and only one vent. Often 
these systems employ an insulated external storage tank with a high efficiency low mass boiler to first 
heat the water. 

Integrated systems can be energy efficient if energy efficient water heaters are used and the system is 
designed to ensure that the water returning to the hot water tank is at a sufficiently low temperature to 
maintain the temperature stratification within the tank. A well-designed system has a hot water heater 
that meets or exceeds the Energy Star criteria for gas storage water heaters. 

Systems that provide space and water heating as well as ventilation are emerging on the 
marketplace.  These systems combine a boiler, a fan coil, and heat recovery technology to optimize 
the system efficiency. 
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Electric Resistance 
 
Electric resistance heating elements transfer heat to the room. Heat is distributed through the room via 
convection. These systems are typically controlled by independent thermostats in each room/zone so 
they are are classed as space heaters, not central heating systems.  

While inexpensive to purchase and install, there are higher operating costs associated with electric 
resistance heaters, and a separate distribution system for whole-house ventilation must be installed. 

Baseboards, or strip, heaters are mounted along exterior walls, and heat output is dependent on the 
length of the baseboard. The longer the unit, the more heat will provide. 

Wall convectors are another form of electric resistance heater. They mount onto or into a wall, and 
are typically used as heat sources for small, confined spaces such as entry areas and bathrooms. 
Some units have small fans. 

Electric resistance heating strategies can also use heating panels, mats or cables under the finish floor 
to deliver heat. Often installed in bathrooms, underfloor electric resistance heaters actually work by 
radiant means to warm the surfaces of a room quickly. Heat output is determined by cable length, 
spacing, and watt density. 

 

Space Cooling 
 
Central air conditioners and heat pumps are used to cool the entire space. Heat pumps provide 
winter heating as well as cooling. Both can use the ductwork of a planned or existing forced air 
system. 

The refrigerant circulates through the air conditioner -  absorbing, transporting and releasing heat. 
Refrigerant flows through tubing loops called coils. This is where heat transfer takes place, in exactly 
the same manner as a heat pump - which is essentially an air conditioner that can be run backwards. 
Household air is also dehumidified as it passes over the evaporator coil. The moisture removed from 
the air is collected and sent to a house drain. 

While air conditioners are designed to operate as a closed system, the refrigerant, 
hydrochlorofluorocarbon (HCFC-22) does have some ozone-depletion potential. Air conditioners 
typically do not release refrigerant if properly maintained. 

Types of Air Conditioners 
 
A single-package system uses the blower in a furnace to distribute cool air into the ductwork of a 
forced air system. The indoor coil sits on top of the furnace, inside the ducting. 
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A mini-split unit can be installed in buildings without ductwork, or in parts of buildings that are not 
served by ductwork, as it distributes cooling by using two or three indoor sections connected to a 
single outdoor unit by refrigerant lines. These slim interior units mount on the wall or ceiling. 

High velocity systems, also known as mini-duct systems, use small-diameter high-pressure plastic ducts. 
The small ducts require a special high-pressure air distribution fan to overcome their large pressure 
drop. These units can be retrofitted in homes with electric or hydronic baseboard heating. These small 
diameter duct systems can also be designed to be used with some furnaces. 

Air seal and insulate the building envelope, to minimize heat transfer to the interior. 

To maximize the cooling performance of the house: 

● Use plantings, awnings, or permanent shade structures on the south and west sides of the  
building to keep direct sunlight from entering the living space.  

● Wide roof overhangs will reduce solar heat gain in summer, without obstructing it in winter.  

● Light-coloured exterior finishes will also help reduce solar heat gain year-round. 

● Compact fluorescent lamps and energy-efficient appliances help reduce internal heat gains. 

Efficiency and Performance of Cooling Systems 
 
The cooling load, in Btu/h, is the maximum amount of heat that builds up in a space without a cooling 
system operating. It is calculated to determine the capacity of air conditioner that is required. The 
capacity of an air conditioner or a heat pump used for cooling is expressed in tons or British thermal 
units per hour.  

The energy efficiency ratio (EER) is a measure of how much cooling effect is provided by the air 
conditioner for each unit of electricity that it consumes under steady-state operation. The higher the 
EER, the more efficient the unit. The seasonal energy efficiency ratio (SEER) is a measurement of the 
cooling efficiency of the air conditioner over the entire cooling season.  

The SEER rating assumes "auto" fan operation. However, sometimes continuous fan operation will 
improve comfort levels by making the temperature more uniform throughout the house. Air movement 
tends to make the body feel comfortable at higher temperatures. In more humid climates, the 
moisture removed during the compressor’s operation is re-evaporated by the fan operation when the 
compressor is off. This can increase humidity levels and cause discomfort. Continuous fan operation 
can impact the performance rating.  

Central air conditioners are required to have minimum seasonal energy efficiency ratio (SEER) ratings 
under Canada's Energy Efficiency Regulations, as well as similar regulations in many provinces.  

 

Energy Efficiency Requirements 
The SEER of central air conditioners ranges from a minimum of 10.0 to a 
maximum of about 17.0. 
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The ENERGY STAR specification requires that the SEER rating be 12.0 or greater 
for a single-package unit and 13.0 or greater for a split system. 

Central air conditioners should be sized to just meet the design cooling load. 
Oversizing will result in short operating cycles, and the system will not be able 
to remove humidity properly. Undersizing the unit makes it impossible to reach 
a comfortable temperature on the hottest days. 

 

To maximize the performance of a cooling system: 

● Choose units with the highest possible SEER. 

● Locate the outdoor unit or condenser in a cool, shaded place where the waste heat can be 
readily rejected. 

● The central air conditioner will generally require more airflow than the furnace needs for 
heating. Consider a two-speed fan motor with the correct speed automatically selected, 
depending on whether cooling or heating is called for. 

● Keep refrigerant lines as short as possible. 

● Where an existing central air conditioner is being replaced, ensure that the existing indoor coil is 
replaced by one matched to the new outdoor unit. If the existing indoor coil is not replaced, 
the new unit will not deliver its rated efficiency. 

● Continuous indoor fan operation can keep the temperature more uniform throughout the 
house by eliminating temperature differences due to stratification. It can also help keep the 
home cleaner, especially if there is an electronic air cleaner installed. 

● More efficient models may also have lower sound ratings. 

 

Delivery Systems  
 
The performance of heating systems depends not only on the choice of equipment and fuel supply, 
but also the way the heat will be delivered to the living spaces. To a certain degree, the distribution 
system is dictated by the available fuel sources and the equipment chosen, but the decision can be 
made in the opposite direction, where a distribution system is chosen first. 

The layout of the delivery system should be completed during the design phase. Considering the 
delivery system as an afterthought once much of the design is already completed can lead to 
problems. 

Forced Air 
 
Inexpensive to install, well-designed forced air distribution systems can provide heat quickly; treat, filter 
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and humidify the indoor environment; distribute fresh air from a ventilation system; and provide central 
air conditioning. Typically, sheet metal ducts are used to distribute heated air at a relatively low 
pressure. In the simplest form, the distribution system starts from a plenum at the furnace. The plenum is 
a large compartment that forms part of the system for distributing warmed or cooled air through the 
house. It is generally right above the heat exchanger. From the plenum, the air travels through a main 
trunk duct to branch ducts in each room, and back to the furnace via a return air duct.  

When forced air systems are not well designed, the temperature of the air coming from the heating 
registers can vary widely. Poorly designed systems can result in short bursts of hot air, especially from 
oversized systems, or ductwork transmitting noise from the furnace and its circulating fan. In addition, 
ductwork without filtration devices can circulate dust, cooking odours, and other airborne odours 
through the house. 

A heat loss calculation will indicate how much heat must be supplied to each room in the house. A 
well-designed distribution plan, that includes proper selection and sizing of the supply and return 
ducts, grills, registers and diffusers, will ensure that the right amount of heat gets to each room to 
maintain comfort levels. 

To optimize forced air distribution: 

● Keep all ductwork within the heated space and out of exterior walls. 

● Seal all joints in ductwork with water-based duct mastic. 

● In existing houses, seal and insulate ducts in unheated areas and long runs in basements (if the 
heat loss from the ducts is a heat source for the basement, adjust dampers to rebalance the 
heat or install additional registers). 

● Minimize duct losses to rooms on upper floors or far from the furnace by modifying the ductwork 
after the ducts have been sealed and insulated 

● Balance the airflow in the supply ducts to redirect the flow of air from the warmer areas to 
cooler rooms. 

● Ensure cold air returns are properly placed and sized to ensure comfort and high indoor air 
quality. 

Hydronic (water-based) 
 
A hydronic distribution system circulates hot water from a boiler or combination water heater through 
pipes to the rooms of the house before returning the water to the boiler or water heater to be 
reheated. Hydronic systems need a separate ventilation system as they do not distribute fresh air. 

Hydronic distribution can be via convective baseboards. The thermal mass of the convectors and the 
low temperature allow for even heat distribution. The baseboards are typically placed under windows 
on exterior walls, to counteract the larger heat loss at those locations. 

Another form of hydronic heating distribution is in-floor tubing. This type of system works by radiating 
low-temperature heat to the objects and surfaces in a room. Heat output is determined by the size of 
the tubing, its spacing, the layout of each loop of tubing, the water temperature, and flow rate. 
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In-floor hydronics are best laid out in a ‘serpentine’ pattern, where the supply and return sides of each 
loop of tubing are side-by-side. This avoids cold or hot spots on the floor. 

These infloor systems are most effective when installed in a slab-on-grade or embedded in a concrete 
overlay.  To keep the slab warm and to reduce heat loss to the ground below the slab, it is essential to 
have insulation under the entire floor and along the perimeter. Hydronic tubing can also be installed 
below wood floors in a ‘staple up system. Installing the tubing in a heavy gauge C channel plate that 
is fastened to the underside of the subfloor puts more of the floor in contact with the heat source, 
ensuring better comfort levels. 

To optimize hydronic distribution: 

● Install low-temperature convector heaters or radiators or use in-floor tubing 

● Use zone controls to maintain comfort levels and reduce energy consumption  

 

Controls 

 
Sophisticated electronic and self-tuning thermostats are very sensitive and help reduce the room 
temperature “swing”, ensuring that the heating system turns on and off as close to the temperature 
settings as possible. While associated energy reductions vary, comfort is usually enhanced. 

Programmable thermostats have electronic timers that allow household temperatures to be preset for 
specific periods of the day and night. While designed to be used by homeowners, these units need to 
be adjusted by the equipment installer when the system is commissioned. 

In a typical application, the thermostat is programmed to reduce the temperature late in the evening 
and to increase it early in the morning, or for any period during the day when the house is 
unoccupied. Some thermostats have a “ventilation mode” that operates the fan for a minimum 
period during each hour if the fan has not operated for heating or cooling during that hour. 

A standard, non-zoned heating system has one thermostat that controls the temperature of the entire 
house. Zoning allows unoccupied or rarely used spaces to be kept at a lower temperature than the 
main living spaces. Matched with programmable thermostats, zoned systems can result in lower 
energy consumption. 

Typically, the main living space of a house is one heating zone and the bedroom area is a separate 
heating zone, allowing unoccupied areas to cool down when vacant. Each zone has it’s own 
thermostat that can be controlled separately.  

A zoned heating system can reduce heating and cooling consumption by up to 30 %.  

Hydronic systems are more likely to include zone controls than forced air systems, using 
thermostat-controlled valves to control individual room temperatures. Zone controls for forced-air 
heating systems use dampers in main ducts. 
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14. Mechanical Ventilation 
 

As houses become more airtight and there is less infiltration and exfiltration through the building 
envelope, the right amount of mechanical ventilation must be added to maintain a good level of 
indoor air quality. Indoor air quality also can be affected by poorly vented oil or gas furnaces, boilers, 
and water heaters, or by backdrafting woodstoves and fireplaces. Serious health problems – even 
death – can result when the products of combustion spill into the house.  

 

After this module you will be able to: 

•     Explain the need for mechanical ventilation in new houses 

•     Recall the requirements of the CSA F-326 Ventilation Standard 

•     Distinguish between types of mechanical ventilation systems 

 

 

Why ventilate? 

 
Brief recap of building science concepts: 

● A house operates as a system in which all the components – and any changes made to them – 
impact each other.  

● When we are looking at the overall efficiency of a house, improving the building envelope is 
often the most cost-effective way to save energy.  

● One of the ways to strengthen the building envelope is through air sealing, to reduce infiltration 
and exfiltration. 

● Air sealing can lead to higher levels of humidity and more pollutants in the air, both of which 
can have an affect on the house’s occupants.  

● Humidity and its products, mold and decay, can also affect the structure and durability of the 
house itself.  

 

The next step is the introduction of fresh air into the house through mechanical ventilation. There are 
three good reasons for this, all of which support the overall goal of residential energy efficiency 
measures and help to create and maintain a consistent level of comfort, health, and durability while 
using the smallest amount of energy: 
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1. It evens out the rate of air exchange between the interior and the exterior . The difference in 

inside and outside air pressure (represented by the neutral pressure plane) is always changing, 
meaning that airflows in and out of the house vary widely. When the weather is cold and 
windy, there is more infiltration of cold air and exfiltration of warm air than when the 
temperature is warmer and the wind is less powerful. So, the house can be over-ventilated by 
natural air exchange in the winter, producing drafts; and under-ventilated in the fall and spring, 
increasing humidity levels. Mechanical ventilation, in combination with air sealing, evens out 
this exchange of air, making the house more comfortable and using a fraction of the energy. 
 

2. It helps with  air filtration . Air that comes into the house through a mechanical ventilation system 
can be cleaned with a wide variety of filtration devices, while air that comes in through leaks in 
the building envelope cannot.  
 

3. It allows a house’s occupants to control the impact that their day-to-day activities have on 
indoor air quality and everything that’s related to it . 

 

Ventilation systems 

 
When a mechanical ventilation system is installed in a Canadian home, it is generally one of three 
types: exhaust-only, supply-only, or balanced. 

Exhaust-only system 
 
An exhaust-only system consists of fans that exhaust air from the inside to the outside of the home. This 
kind of mechanical ventilation system, which is usually located in areas of high moisture production 
such as a bathroom or a kitchen, should always be: 

● Quiet, to ensure that it will be used  
● Fitted with controls that include timers and/or humidistats, so it can operate as long as needed 

without relying on human memory 
● Connect directly to the outside, to avoid venting warm, moist air into attic or other spaces 

Since it reduces indoor air pressure, an exhaust-only system should not be installed in a house where 
there is potential for a combustion spillage problem or where radon levels are known or suspected to 
be high.  

Supply-only system 
 
In a supply-only system, air is brought into the house mechanically and leaves through intentional 
openings or leakage paths in the building envelope. This type of system uses a duct and a fan to bring 
outdoor air into the house and is usually installed in houses with forced air heating systems. The air is 
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typically dumped into the return air duct, where it can be heated before being distributed through the 
house. There are four basic components of a typical supply-only system: 

● An outside cap with manual damper 

● Ductwork to the furnace system return duct 

● A motorized damper located right before the return plenum 

● A fan control circuit 

 
Supply-only systems have the advantage of minimizing the amount of dust, pollen, and other airborne 
pollutants entering the house – but they also have significant disadvantages: 

● They can make a house feel drafty. 

● They can pressurize the house, creating moisture problems when the cooler outside air 
condenses as it meets warmer indoor air inside the home.  

● They are not very energy efficient, as there is no potential for heat recovery. 

 

Balanced mechanical system 
 
A balanced mechanical system is the preferred way of providing effective ventilation to the whole 
house. It usually consists of a Heat Recovery Ventilator (HRV) unit that houses two fans and two sets of 
ducts. One fan and set of ducts pulls stale, moist air out of the house, and the other fan and set of 
ducts pulls fresh outside air into the house and circulates it to the different rooms. The two streams of air 
run past each other at the same pressure and, as they do, the incoming fresh air recovers heat from 
the warm, moist air that is leaving the house. In this way, it is able to provide fresh, outside air without 
sacrificing energy efficiency, occupant comfort, or the house’s durability. 

Another kind of balanced mechanical ventilation system is an Enthalpy Recovery Ventilator (ERV). This 
unit recovers moisture as well as heat from the exhaust air. ERVs are not a cost-effective choice for 
leaky houses in cold climates but could be an option for newer houses with tight envelopes. This is 
especially true for larger houses with few occupants, where code-required ventilation rates can make 
the air overly dry in winter. 

To work effectively, a balanced mechanical ventilation system needs to be professionally designed, 
sized, and installed. 
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F-326 

 
The national building code and many regional codes require all houses to have mechanical 
ventilation systems. The basis for the prescriptive mechanical ventilation solutions in building codes is 
based on the CSA Standard F-326, which was first published in 1989 and revised in 1991. It addresses 
the design and installation of balanced ventilation systems in significant detail. F-326 is written as a 
performance standard. It states what must be accomplished but not how to do it, leaving a lot of 
flexibility in system design. 

F-326 requires the ventilation system to have a total capacity that is equal to the sum of individual 
room ventilation requirements, and that the system must be capable of running at 50 % of that 
amount. This ensures that most houses end up with a total of 0.3 air changes per hour (ACH). 

Each living, dining, family, and recreation room, or any other habitable space represents 10 cubic feet 
per minute (cfm) or 5 Litres per second on the supply side. 

The main bedroom and any unfinished basement area represents 20 cfm or 10 L/s on the supply side. 
The exhaust side services the wet areas: kitchen, bathrooms, and laundry. The kitchen requires 60 cfm 
or 30 L/s; each bathroom, laundry and utility room represents 10 cfm or 5L/s. 

EXAMPLE: 

The supply side first: This house has an open concept kitchen, dining, and living room, but they still 
count as individual spaces for this exercise, so that's 30 cfm. There are 3 bedrooms, 20 cfm for the main 
bedroom and 10 cfm for each of the other two. That adds an additional 40 cfm.  

A family room and an unfinished basement accounts for another 30 cfm, for a total of 100 cfm supply. 

On the exhaust side, the kitchen and the two bathrooms add up to 100 cfm. 

Depressurization Limit 
For houses with vented combustion appliances, F-326 has a depressurization limit. This means that 
when the clothes dryer and any other exhaust device with a capacity of 150 cfm (75 L/s) are running 
while the ventilation equipment is running at full capacity, the house must not be under negative 
pressure, otherwise there is a danger of combustion spillage. 
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15. Construction Performance Guidelines 
 

The Ontario New Home Warranties Plan Act, administered by Tarion, is available for the vast majority of 
new homes in Ontario.  The coverage is fairly broad but is not comprehensive. To help homeowners 
and builders understand what is and what is not covered, Tarion has created two sets of construction 
performance guidelines for conventional low-rise wood frame buildings.  

The guidelines describe the minimum acceptable performance or condition for new home 
construction in Ontario that homeowners should expect and builders must meet to satisfy the 
requirements of the warranties. One set of guidelines is for freehold single family and condominium 
units and the other is for condominiums with common elements. 

The guidelines set out measurable benchmarks for the most frequent and typical items of concern to 
homeowners dealing with the quality of work and material defects. They complement but do not 
replace or overrule the Ontario Building Code (OBC).  Likewise, they are supplemented by standards 
produced by industry associations, but they do not replace manufacturer warranties.  

The guidelines do not cover the most important factor in the whole warranty program: customer 
expectations. The guidelines describe minimum levels of building performance. Exceeding these levels 
will contribute to better customer service. 

 

After completing this module you will be able to: 

•     Explain the purpose of the Guidelines 

•     Describe how to apply the Guidelines 

•     Understand how to use the Guidelines 

 

There are many claims that homeowners make to their builder and Tarion about defects.  The CPG 
can be used to assist with expectations about how Tarion would rule in the event of a conciliation 
inspection.  

Tarion will make its decisions based on the edition of the Guidelines that is in effect when a conciliation 
is conducted. The effective date is indicated on both the cover of the Guidelines and on the bottom 
of each page. 

 

Scope 

Definition of a “New Home” 
Generally, a “new home”  can be described as a self-contained, residential dwelling unit 
built to permanent occupancy standards by a builder who has agreed to complete all 
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material aspects of the dwelling and that was not previously occupied prior to the initial 
sale (e.g., not a conversion, not a renovation, not previously occupied by the vendor, etc). 

Essentially, the warranty program requires builders to provide new homes that are free from such 
potentially damaging problems as: 

● Water penetration through basement or foundation walls 

● Water penetration into the building envelope,  

● Defects in electrical, plumbing and mechanical systems,  

● Defects in exterior cladding installations,  

● Building Code violations affecting health and safety 

● Major structural defects 

 

Construction is not an exact science and often, the materials used have natural properties and faults 
that must be considered. For example: 

● Colours of all materials will be as close to samples as possible, but may not be identical to 
samples due to variances among manufacturers or differences in the manufacturing process 

● Wood grains and colours may not necessarily match in all cases 

● Shrinkage of natural materials may result in squeaks and creaks 

  

In addition, some items in the Guidelines refer to specific dimensions to evaluate the identified 
conditions. If the variation is minor, Tarion may consider whether the variation significantly affects the 
performance of the item in determining whether the particular guideline has been met. 

The Guidelines are divided into articles based on construction sequence: 

Foundation/Basement 

Floor Framing 

Wall Framing 

Roofs 

Electrical  

Interior Climate Control 

Wall and Ceiling Finish 

Interior Finish 

Cabinets and countertops 

Flooring 

Chimneys and Fireplaces 

Garages and Exteriors 
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The information is organized according to types of conditions, and in each case, the following is 
described: 

Condition: A brief description of the identified situation 

What is acceptable: The acceptable performance standard of the condition 

Which warranty applies: The statutory warranty that applies and any exclusions 

Required action: A description of the action that the builder or homeowner must take to rectify the 
identified condition 

Remarks: Information to help users understand and solve the problem 

See also: Other items in this document that may be similar to the condition and/or provide further 
information related to the condition 

 

Using the Guidelines 

How to use the guidelines: 

On the main Warranty Protection page, look for Construction Performance Guidelines in the menu on 
the left side. 

Clicking on the link takes you to the page where you can search or browse online, or download a pdf 
copy to keep on your desktop or print off.  

Browsing by category shows a series of titles, which are short descriptions of full articles. This is a good 
way to get familiar with the full range of the guidelines. 

Searching for specific defects in specific categories saves time once you are familiar with the 
guidelines and know the titles of articles.  

Example: 
It’s not uncommon for floor squeaks to develop in the first year or two after construction, as there is 
normally some shrinkage of materials as the interior of the house dries and settles. But are floor squeaks 
covered by warranty? Homeowners are going to want to know. 

A search for floor squeaks brings up this summary screen. Click on the title to see the full article. 

Article number 2.4 deals with the issue of squeaky floors. ‘The acceptable performance note’ states 
that some squeaking is acceptable, but floors should be reasonably free from squeaks caused by 
movement in the floor system connections under normal indoor conditions. Thus, squeaks resulting from 
normal shrinkage would not be warranted. Squeaks resulting from a defect, such as loose 
connections, would be warranted for one year. This defect requires loose connections to be repaired.  

The article includes remarks about extended low-humidity and excessive high humidity conditions and 
points out homeowner responsibility to keep humidity levels in check.  It points to Article 2.3, Loose 
Subfloor , as well as Appendix A2,  Moisture in Wood  and Laminate Floors ,  for more information.  
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Appendix A2  discusses the  indoor relative humidity range that best suites wood and laminate flooring, 
and features a table that indicates the moisture content of wood at any given combination of 
temperature and humidity. It also features a shaded area showing the recommended temperature 
and humidity range. 

Article 2.3  discusses acceptable conditions for subfloors outside of normal shrinkage of materials, 
references the Building Code, and points out that delamination of plywood subfloors is a material 
defect. It then directs the reader to Article 2.6, which discusses springiness, bounce, visible sag or 
shaking in the floor. 

The guidelines are in this way, a tour around the warranty, providing pointers and flags to builders and 
homeowners about a wide range of conditions so they can each understand and solve the problem. 
The guidelines also make it clear who is responsible for what under the New Home Warranty Act. 
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