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Message from the President

OBEC President
Ehab Naim Ibrahim, B.Arch., MRAIC,
LEED® AP, BSS®, CPHD
Research & Development Manager
Gamma North America

T

he time has come for many things.
It’s time for us to get back together
and interact. It’s time for us to enjoy
our close proximity and sense our presence
and feelings. It’s time for us to see each
other’s actual facial expressions and reactions. And it’s definitely time for us to be
more productive. After repetitive, impeding
lengthy lockdowns, we’re finally planning
our first in-person hotel meeting this year for
October 13, 2021. It will have already happened by the time you read this message, but,
nevertheless, I feel delighted with this news.
We’re also planning many in-person events
and presentations for Construct Canada, or
The Buildings Show, which will be held December 1 to 3, 2021, and we’re quite excited
to see everyone there, too.
Although we encourage strong and
sound building envelope “enclosure” practice, we can’t live in a bubble, unless it’s a
chosen way to accomplish the purpose of
one’s life. The purpose of our envelope is
to protect us from unsuitable exterior elements at certain times and conditions, but
we should be able to see through it, interact with transparency or actual openings,
exchange the exhausted atmosphere, and

welcome new fuel and ideas. The envelope
is not typically meant to be a social barrier,
unless such is specifically required. A human is a social being, after all.
The time has come, sadly too soon, to
say goodbye to Gregory Hildebrand, one of
the greatest building envelope sound practice advocates of our present time. He was
a building physics researcher and teacher,
my personal instructor, and OBEC’s 2016
Beckie Award winner. Greg was a dedicated scientist. He spent great time and effort
evolving methods, tools, and standards and
increasing the value of the built environment
through the quality of the building envelope.
He was receptive and compassionate, with a
smile that reflected joy on everyone’s face.
All respect, until we meet once again Greg.
The time for positivity has also now come.
It’s time to take action, as many codes, guidelines, and standards have been developed over
the past few years; some mandatory and some
voluntary. These include the Thermal Energy
Demand Intensity, the Total Energy Use Intensity, and the Greenhouse Gas Intensity, just to
name a few. These are supposed to consent
with a number of national, provincial, municipal, and regional policies such as the BC
Energy Step Code, the Vancouver Zero Emissions Plan, and the Toronto Zero Emissions
Building Framework. Unfortunately, current
construction isn’t at all complying with most
of these initiatives; R4 walls are still being diligently constructed everywhere. On the bright
side, I hear about panels and advisory boards
that are forming to steer those intentions into
reality. Please send me a message once you
know of a tower with envelope performance
that’s not compromised or substituted with
other “efficiency” measures.

We say goodbye to Gregory Anthony Hildebrand, one of
the greatest building envelope sound practice advocates
of our time. Greg was a building physics researcher and
teacher. He was also OBEC’s 2016 Beckie Award winner.
My time serving as the OBEC president
will soon come to an end. This is a good
opportunity to thank all those who volunteered and attentively provided their time,
intelligence, and energy to help the organization; the board of directors, committee
members, and all those who supported them,
especially their families. I also sincerely thank
our administration support office, our sponsors, and our presenters for their great contributions. And I thank the OBEC membership
for great attendance, discussions, and brainstorming that was continuously “pushing the
envelope.” You’ve made my term serving
as president very rewarding; thank you. I
welcome Mila Aleksic this fall to accept the
president’s responsibilities. Mila has been
working very closely with me throughout this
term. She is a prominent educator with great
leadership qualities and she’s truly a genuine individual. While passing Mila the torch,
we’re confident she will superiorly serve you
while promoting sound building envelope
practices.
n
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Call for Abstracts

F

or nearly 40 years, the Canadian Conference on Building
Science & Technology (CCBST) has been bringing together
building science researchers, designers, material suppliers, and
practitioners to discuss this ever-evolving field.
This conference has earned a global reputation as a leading showcase for advances in design, construction, renovation, repair, and
operation of buildings and building enclosures. We anticipate the
2022 conference to be the best yet, and we invite you to be a part of it.
The overall theme is Healthy, Efficient and Resilient: Constructing
Today’s Buildings for Tomorrow. We anticipate the event will bring
together leaders in this field from across Canada and the world to discuss how we can design, maintain, and operate our buildings in ways
that lead to healthier indoor environments and reduced impact on the
natural environment by using new and innovative materials, construction techniques, and ways of thinking.
You are invited to submit an abstract, no longer than 400 words,
summarizing the objectives, approach, results, and conclusions of
your proposed paper. Abstracts can be submitted online at https://
ccbst2022.obec.on.ca/abstracts and must be received by January 21,
2022 to be considered. Authors will be informed of the status of their
abstracts by March 18, 2022.
Potential authors include architects, engineers, building scientists,
academic researchers, building code and regulatory authorities, contractors, developers, maintenance professionals, property managers,
and construction material technical representatives.

IMPORTANT REVISED DATES
• January 21, 2022: Deadline for Abstract Submission
• March 18, 2022: Acceptance of Abstracts
• May 27, 2022: Deadline for Paper Submission
• August 19, 2022: Paper Acceptance Notification
• September 30, 2022: Final Conference Paper and Presentation
Submissions
• October 27-28, 2022: Conference
THE FOLLOWING THEMES MAY BE USED AS A GUIDE
FOR POTENTIAL TOPICS:
• Indoor Environmental Quality in the Face of a Changing Climate
• Developments in Envelope & Glazing Technology
• Protecting Indoor Air Quality
• Mitigating Overheating Risk Through Solar Control
• Retrofitting Buildings for 2050
• Testing Materials, Assemblies & Whole Buildings: Advances in
Ensuring Performance
• High-Performance Enclosure Design
• Avoiding Moisture & Moisture-Induced Problems
• Case Studies: Learning from our Failures & Successes
• Innovative Materials and Methods
The Ontario Building Envelope Council is proud to be the host of
the 16th iteration of the CCBST. More information regarding sponsorship and registration will be available soon.
SEE YOU IN VAUGHAN, OCTOBER 27-28, 2022!
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Upcoming
Building Science
Specialist
Exam Date

A

ll 2021 exams will be subject to COVID-19 health measures and
restrictions; a special cancellation policy will apply. The Building
Science Specialist Board (BSSB) is committed to conducting the
exams in a safe manner by maintaining physical distancing between candidates and adhering to all public health guidelines to prevent the spread
of COVID-19. All 2021 exams will be subject to COVID-19 health measures and restrictions, and dates are subject to change.
To protect everyone from COVID-19, candidates must meet on-site
health requirements, including completing a health questionnaire before
being admitted to the exam, mandatory masking at all times, and mandatory hand sanitization upon entry into the testing room. Any candidate
who notifies us in writing, up to the day of the exam, that they have been
exposed to, or have tested positive for, COVID-19 will have their fee refunded; however, any candidate who does not notify and arrives at the
test site displaying symptoms of COVID-19 will not be admitted to the
test site and their registration fee will not be refunded.
n

n

n UP FRONT

MATERIALS EXAM &
MECHANICAL SYSTEMS
EXAM
DATE
Friday, November 12, 2021
TIME
1:00 P.M. – 5:00 P.M. EST
*Edmonton’s exam will run from 9:00 A.M. – 1:00 P.M. MT
*Each exam is two hours; one or both exams may be written.

LOCATIONS
Markham, ON – Homewood Suites by Hilton, 52 Bodrington
Court
Markham, ON – BSSB Office, 2800 14th Avenue, Suite 210
Kitchener-Waterloo Area – Location TBD
OttawaArea – Location TBD
Edmonton, AB – Entuitive, 10055 106 Street NW, Suite 650
FEE
$395.00 each | $790.00 both
CHECK WWW.BSSB.CA FOR CURRENT DETAILS.
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Corner Mullions: Insights into the
Unitized Curtain Wall Corner Frame
By Carlos Velazquez, Building Envelope Specialist & Kevin Zhang, Building
Envelope Specialist, Entuitive

T

he popularity of curtain walls in high-rise construction can’t
be denied. In Toronto alone, there are more than 30 high rises
under construction, and many of them are using curtain wall.
These towers primarily use unitized curtain wall, which are fabricated,
assembled, and glazed in a factory under controlled conditions and,
therefore, have higher quality control compared to stick-built curtain
wall systems. Even with this level of quality control, however, one section still presents a significant challenge: the corner mullion.
BACKGROUND
First, the definition of a unitized corner frame: the assembly of
two adjacent curtain wall bays in a single prefabricated frame with a
change in direction in plan, with either a 90-degree outside or inside
corner (see Figure 1 on page 15).
Manufacturers tend to show the corner as single frame assembly,
creating a large, opaque corner to marry the two adjacent frames,
with two standard split mullions and an exterior corner metal panel
(see Figure 2 on page 15). This configuration is robust, as it separates the two curtain wall panels with a unitized corner frame assembly
that allows for movement without major risk. The issue here is that
designers often don’t like how obstructive this detail is for views. The
coveted “corner office” is considered a desirable space, and for it to
be marred by a large opaque corner is not ideal.
As such, the design is oftentimes changed to two panels that connect directly (removing the metal corner piece). By customizing the
corner condition to a large corner frame with a single rigid vertical
post instead of a unitized assembly, there’s an increased risk of moisture intrusion due to system movement. This style of corner frame
also eliminates the pressure-equalization chamber present in typical
vertical mullions.
On a single corner frame, the horizontal mullions are continuous
in-between the vertical mullions, except at the corner. Here, a 45-degree
miter cut is commonly used, and the horizontal mullions are attached to
each other via a chevron shaped plate screwed to both mullions (shown
previously in Figure 1). In some cases, the horizontal mullions are welded together; this is more robust but also far more labour-intensive.
In either case, discontinuity of the mullion joints means there is
discontinuity of the control layers, leading to the possibility of air and
water leaks. This makes the application of joint sealant critical.

ISSUES OBSERVED DURING MOCK-UPS
The issues observed during five curtain wall corner mock-ups are
summarized in this section. Failures observed during mock-ups primarily involved assembly issues and were less related to design.
• In the first case, the production team was responsible for putting
together the mitered horizontal mullions with the chevron plate as
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a first step; a task that was new to the worker. The sealant between
horizontal mullions was omitted in error, resulting in a “dry joint”
and subsequent water leak as soon as the mock-up was water-tested. The solution on-site was to expose the joint, apply sealant, and
introduce a metal angle as a substrate for the sealant in front of the
joint. This was an assembly error.
• The second mock-up had the same conditions as the first, but,
this time, the worker was aware of the sealant bead required.
Unfortunately, during the assembly process, the sealant was not
applied properly and was discontinuous. As soon as the frame was
tested, water leaks were detected. The solution was to reinstall the
sealant. This was, again, an assembly error.
• The third time, the sealant was applied and inspected after assembly
was completed. During the first round of water testing, the joint
performed as intended. The frame was subjected to horizontal displacement and then tested again, where it failed. It was determined
there was some unexpected movement of the corner assembly
between the connecting chevron plate and the horizontal mullion
due to fabrication tolerances. Additional sealant and a silicone transition membrane were applied as a remedial work, and the leak was
solved. This was a fabrication and manufacturing error.
• The fourth and fifth mock-ups had very similar designs: a corner
post secured to the horizontal mullions. Spigots were introduced
to support the vertical post and additional screws were introduced
at the corner connection. On both mock-ups, water was visible at
the sill after both displacement testing and thermal cycling. The
failure was at the head miter cut, where joinery sealant was applied.
Again, additional sealant and a silicone transition membrane were
applied to solve the issue. These were installation and manufacturing errors.

n

Figure 1. A conceptual model of an outside corner mullion using a
corner post. Note, some fasteners, extrusions, and gaskets have been
omitted.
In all corner mock-ups, the joinery is relying on one sealant bead
for watertightness; there is no back-up around the exposed joint,
redundancy, or secondary line of defense. As the aesthetic requirements often trump the ability to include a back-up system, this makes
the workmanship of this sealant joint critical. It’s important to mention that not all corner conditions failed on each specimen, but on
all specimens, at least one corner condition failed, indicating the
importance of consistency during fabrication, assembly, glazing, and
installation.
With respect to design, it’s common to see corner mullion systems
using the same compression configuration as a vertical-to-horizontal
system; however, the compression required between corner mullions
is different due to the angled connection. On a typical vertical-to-horizontal mullion connection, fasteners evenly compress the vertical
mullion to the horizontal mullion. On a horizontal mitered connection with a chevron plate, manufacturers will increase the number
of screws (sometimes double compared to a vertical-to-horizontal
connection). The screws are perpendicular to the chevron and horizontal mullion though, so screw torque isn’t necessarily increasing the
compression between horizontal mullions (see Figure 3 to the right).
The success of the corner mullion condition can be managed with
a few different strategies:
1. Removing the issue entirely: Use a corner vertical split mullion
and have a two-frame corner following standard details that have
already been tested successfully. Two-frame systems are more resistant to movement and thermal cycling.
2. Improve the joint sealant design: Introduce redundancy through
a silicone membrane at all exposed mitered joints to the exterior,
or where the mitered joint is part of the air / vapour control layer.
When the corner assembly allows, introduce a backup foam block
inside the assembly to maintain the sealant position.
3. Assembly instructions: Develop a clear set of assembly instructions
to allow manufacturing to build and review the corner frames and
maintain consistency throughout the project. Assembly instructions should be complete, including reference details, 3D sequential details, blow-out details, information on all surface preparation work, sealants, fasteners, membranes, plates, etc.

n

n FEATURE

Figure 2. A standard corner detail. Note the four split mullions. Note,
some fasteners, extrusions, and gaskets have been omitted.

Figure 3. Ineffective fasteners at the corner mullion.
CONCLUSION
Unless your building doesn’t have corners (which is entirely possible!), there will be challenges with watertightness when curtain wall
mullions change directions. The geometry of the corners from contemporary minimalist styles commonly results in mullions that depend
entirely on a sealant joint for watertightness, with no redundancy. The
quality of the installation becomes critical to the success of the curtain
wall system. This can be avoided by using a more robust system such
as a two-frame corner—at the expense of a larger obstruction to the
view of the corner. No matter what is chosen, as long as curtain walls
are around, the corners will be a point of contention.
n
Carlos Velazquez is an engineer with over 20 years of experience with
curtain wall design, having worked in both manufacturing and consulting. He has been engaged in the full lifecycle process of glazing system
design.
Kevin Zhang has over eight years of experience in building envelope
consulting and academic research. He has a passion for materials design
and modelling of building components, with a focus on durability.
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How Products Get Tested &
Why it Matters
By Claire Kieri, MPH, WELL AP®, Building Science Analyst & Aaron Grin, M.A.Sc.,
P.Eng., Principal, Building Science Specialist, RDH Building Science Inc.

F

or a moment, let’s pretend you’re
a stranger to the world of building
products and material selection.
You open your internet browser and type
“insulation” into the search bar. You get
millions of results, including suggestions
for shopping, maps, and images from
sources ranging from Home Depot to the
U.S. Department of Energy to manufacturer sites. Without basic knowledge, you may
be overwhelmed by the products, the sales
pitches, and the amount of information. Of
course, many Ontario Building Envelope
Council members are well-versed in the
product selection process. Parsing through
this information in a meaningful way is
much easier when you understand what
you’re looking at. It’s even better when you
know what’s going on behind-the-scenes,
where the data originates, and the bounds
on how it’s created.

When selecting and specifying products,
we consider factors such as cost, availability,
ease of installation, and durability. There are
also performance characteristics and properties we evaluate based on a building’s purpose, design, and location. These properties
include common metrics such as R-value,
vapour permeance, and air permeance. Information about these characteristics comes
from many sources. Most often, we check
manufacturer spec sheets. We can also obtain
this information for groups of materials from
third-party sources of data, like ASHRAE’s
Handbook of Fundamentals and WUFI’s materials database.
You may wonder where the product information comes from, how manufacturers
determine the properties of their products,
or where ASHRAE gets the test results they
use as inputs for their material property database. Read on for answers to these questions

and a clearer understanding of what happens
behind-the-scenes at testing laboratories.
Our goal is to show you the important factors
you should consider when reviewing product
information.
First, it’s crucial you understand some
basic information about product testing.
There are two testing categories: standardized and non-standardized. Standardized
tests are established and recognized methods available to anyone. Standardized
methods are, in a way, a recipe for how to
conduct a test. You can go to the ASTM
or ISO websites to buy a copy of any published standard test method. The bulk of
information available about product performance was obtained using standardized
methods. In part, this is because building
codes and regional requirements call out
specific methods developed for a specific
purpose and allow easy product-to-product
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RDH laboratory staff completing freeze-thaw testing of brick samples.
comparisons. The main benefit of standardized testing is the comparative basis it offers in a diverse global economy. A lab in
Toronto, Ontario performing freeze-thaw
testing per ASTM C67 is performing a near
identical test to any other experienced and

knowledgeable lab performing ASTM C67
anywhere in the world.
In comparison, the world of non-standard testing is innovative and more exciting.
Non-standardized tests are created, validated, and performed by labs and test facilities.

RDH laboratory staff reviewing data.
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The step-by-step instructions for these test
methods aren’t generally available to the
public. Often, they’re proprietary methods
and are closely guarded. Manufacturer
R&D, unique or new materials, or challenging research and industry questions
drive the creation and use of these methods. In some cases, these test methods get
developed into standardized methods. The
test results from non-standardized methods
are often reported in research publications,
summarized in industry presentations, and,
on occasion, are shared by manufacturers
themselves. Non-standard methods provide
valuable insight into product performance
that we might not get through standard
methods.
Where testing is performed is an important consideration. Standard testing is performed by both public and private labs and
facilities. Private labs include manufacturers
and third-party facilities. Public labs include
academic and government facilities. Manufacturers tend to perform a mix of standard
and non-standard testing. They hire thirdparty facilities to complete additional testing

n

for product development, reporting to the industry at-large, or code compliance activities.
Third-party labs tend to exclusively perform
standardized methods. Some private facilities, like RDH Building Science Inc., perform both standard and non-standard methods. Public facilities tend to perform a mix of
standard and non-standard testing, especially
in the name of academic research. Many factors are considered when a lab develops its
scope of testing: cost, demand, value to clients, and value to other areas of the organization or the industry.

In comparison, the world
of non-standard testing is
innovative and more exciting.
Non-standardized tests are
created, validated,
and performed by labs and
test facilities. The step-bystep instructions for these
test methods aren’t generally
available to the
public. Often, they’re
proprietary methods and are
closely guarded.

materials labs requires an understanding of
materials and methods beyond simply reading the method documentation. The quality
of building materials testing is also affected
by a lab’s knowledge of how materials are
manufactured and used in the field and how
environmental forces (e.g., rain, wind, etc.)
affect them. This knowledge influences decisions, like what test methods are used and
how the results are interpreted. For example,
the results from a test may be variable due
to the inherent variability of the construction
materials themselves. Knowing this about
construction materials is important because
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it helps the lab gain a sense of the range of
possible values when testing or reviewing the
results of testing.
Once testing is complete, taking time to
review a test report is important. There can
be a lot of information in a test report. Start
by looking up the lab that completed the
testing. A quick internet search will take you
to the lab or facility’s website. Note any red
flags, like lack of experience with construction products or missing information about
their testing capabilities. Do they have any
accreditation? Check their scope for the test
that was performed. You may also want to

Lab accreditation is another factor clients consider in the world of materials testing. ISO 17025 is a common accreditation
for testing labs, as is ISO 9001. These accreditations indicate the lab has quality control and assurance measures in place. These
measures help the lab consistently achieve
accurate and reliable results. Accredited labs have a scope of tests they perform
under their ISO accreditation. These can
include standard and non-standard methods. The lab’s ability to perform the tests
is verified by an independent assessor and
approved by an accrediting body on a regular basis. Some activities in the industry, like
achieving code compliance, can require testing performed by an ISO 17025-accredited
laboratory.
Not all labs are created equal. A chemistry
lab is very different from a building materials
lab. The skills, experience, equipment, and
methods will be quite different depending
on the area of testing a lab focuses on. Some
testing equipment common to building
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Calculations and drawings related to design and validation of laboratory equipment.
check if there are any major issues with their
accreditation. You can find this information
on their accrediting body’s website (e.g.,
ANAB, A2LA, SCC).
Next, consider if the method makes
sense. For most product properties, standard methods and metrics exist. Ask yourself if the methods are appropriate and
expected by the industry. For example,
ASTM E96 is the most common method
for determining water vapour permeance.

If someone’s using an unusual method, the
results might not be meaningful or comparable to information already out there. Be
on the lookout for obvious errors—things
like incorrect units, conversions, or missing
information. It’s also important to consider
the details, or lack thereof, included in a
test report. When done well, interpretation
and contextualization of the results indicate
the test was performed by a competent and
knowledgeable team.
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Once you’ve completed a quality check
on the report, make sure the results make
sense in a broader context. For example,
we expect paper-faced gypsum board to
be vapour open. If you’re looking at results
or specs for a paper-faced gypsum product, you’ll expect vapour permeance values
above 10 perms (570 ng/Pa s m2). You can
find comparative values in sources such as
ASHRAE’s Handbook of Fundamentals,
WUFI’s material database, or even by looking at similar products from other manufacturers. When doing this, never forget there’s
a range of products with different uses and
intents. If you see paper-faced gypsum at
one perm (57 ng/Pa s m2), maybe that’s intentional and is a unique product—or, it
could be an error. Develop your intuition
for these things in many ways, including by
reading a range of research test reports and
papers, including:
• Schumacher et al (2020), which describes both standard and non-standard
test methods applied during ASHRAE
RP-1696, a project designed to update
ASHRAE’s Handbook of Fundamental’s
materials properties database;
• Henderson et al (2020), which is an
example of non-standard method
development; and
• Grin et al (2014), which is a detailed
research program that considered factors
ranging from wall performance to cost
to structural integrity of various wall
assemblies.
You’ll also want to consider the test conditions. Maybe your project will have the
product exposed to high humidity. Are there
results that show how the product responds
to high humidity? Do the test conditions
match your design needs and building location / climate? It’s a bonus when you see
results that indicate how the product might
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perform in situ. For example, an ideal report
summarizing adhesion testing would include
a variety of substrates. That way, the end-user knows whether they can use a membrane
or tape on their substrate of choice. These
additional bits of information are valuable
and indicate good, quality testing.
Finally, consider the reporting of the results in the context of the test method and its
requirement. This mostly applies to standard
methods, which are prescriptive in their reporting requirements. Are all of the details
that should be reported actually listed in the
report? This doesn’t mean they weren’t collected, and if you need them, you can always
call the source to see if you can get that information. For non-standard methods, it’s ideal
to see a clear rationale presented for why that
information is missing.
Although we’ve been discussing primarily
lab-based tests, both standard and non-standard tests can be conducted in the field, and
consideration of whether this is the most
appropriate option should be part of your
evaluation of quality. Ask yourself if the
choice of lab vs. field testing makes sense for
the purpose of your work. Having both field
and lab results can provide a well-rounded
picture.
Having a basic understanding of types of
product testing (standard vs. non-standard),
how to select a laboratory, or what to look
for in a report are useful tools to help you
choose the right product for your project’s
needs. However, if in doubt, ask a lab or the
manufacturer directly for more information
and insight. 
n
Aaron Grin is a principal at RDH, professional engineer, building scientist, and researcher, with a background in structural engineering. He is based out of RDH’s Waterloo, Ontario office. As the international lead of the RDH
Building Science Laboratories team, Aaron
works with product manufacturers, building
owners, developers, contractors, trades, researchers, designers, and architects.
Claire Kieri is a building science analyst at
RDH’s Waterloo, Ontario office. Her primary
focus is within RDH’s Building Science Laboratories, where she evaluates the performance
of materials and systems in support of product
development, publications, and industry best
practices. She is the accreditation manager for
RDH’s ISO 17025 accreditation. For a full list
of article references, please contact Claire at
ckieri@rdh.com.
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An Overview of
Steep-Sloped
Asphalt Shingle
Roofing
By Junmeng Liu, Project Coordinator & Richard
Shaw, Project Manager, Roofing Division, Pretium
Engineering

R

oofs are the building component
most exposed to the elements and
are, consequently, the building’s first
line of defense against rain and other environmental loads. While low-sloped roofing
systems are more frequently discussed and
have considerable market share in the industrial, commercial, and institutional building
sectors, steep-sloped roofing systems are the
dominant force in smaller and low-rise residential buildings.
Many different types of sloped roofing systems have been adopted and used
throughout recent history. These roofing
systems (e.g., tile, slate, metal, wood, asphalt,
etc.) were constructed from different materials with varying installation methods. However, much of the hydrokinetic physics on
how these systems work to keep water out of
the building, and their design intent, have remained consistent. Let’s look at the performance of steep-sloped roofing and the most
common type of steep-sloped roof installed
in North America today: asphalt shingles.
Roofs with slopes greater than a 3:12
pitch (14 degrees) are generally considered
steep-sloped roofs. Steep-sloped roofing
is a constantly evolving market, and many
new(er) roofing systems are being developed
and improved upon. Countless types of
steep-sloped roofing systems exist in the
market today, including tile roofing (clay and
concrete), slate, wood shingles and shakes,
standard asphalt laminated fiberglass, and
styrene-butadiene-styrene (SBS) asphalt
laminated fiberglass shingles, various types of
metal roofing, and more.
These sloped roofing systems commonly incorporate the use of materials installed

in a shingle fashion, with a headlap to shed
water away from the building and minimize
water entry. Contrary to low-sloped roofing systems, steep-sloped roofs generally
function on the principle of water shedding
(hydrokinetic) as opposed to being waterproof (hydrostatic). For this reason, most
sloped roofing systems today employ the use
of some form of underlayment membrane
for any water that bypasses the primary shingled units. Different roofing systems have
varying requirements and recommendations,
in terms of the type and installation of underlayment, depending on the jurisdiction, roof
pitch, and other factors.
ASPHALT SHINGLE BASICS
The history of asphalt shingles dates all
the way back to the 1840s, when coal tar
pitch was used to saturate layers of rag felts

to produce a cheap and reliable composite
waterproofing material. In the 1860s, the
growth of the petroleum industry created an
abundance of asphalt, which replaced coal
tar pitch in roofing systems. The creation of
the first true “asphalt shingle” is often attributed to the H.M. Reynolds Company, which
started hand-cutting individual shingles in
1903 to make the installation process easier.
Today, asphalt shingles are, by far, the most
common roofing material used in steepsloped applications, and they dominate the
residential market in North America.
As with many other steep-sloped roofing systems, asphalt shingles rely primarily
on water shedding. The shingle installations start at the eaves (i.e., the bottom of
the roof) and progress upward, so there are
positive laps (headlaps) to shed water. While
asphalt shingles are generally manufactured

A diagram of the typical geometry of roof shingles.
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generally preferred, due to their extra laminate layer (increased thickness and durability)
and less unsightly deterioration from their
more “three-dimensional” appearance.

A view of the adhesive strip between three-tab shingles not engaged and properly bonded.
with asphalt adhesive strips to help provide
wind uplift resistance and a seal against
moisture intrusion, it’s not a watertight barrier. Therefore, a membrane underlayment
is generally recommended below the shingles to provide an additional waterproofing
layer for any incidental water that bypasses
the shingles.
The basic construction of a modern asphalt shingle is essentially a reinforcing fiberglass mat saturated and sandwiched between
coatings of asphalt. Various volatiles, admixtures, and fillers are added into the asphalt
mix to enhance flexibility, durability, and
waterproofing properties to the shingles. Surface granules are embedded into the asphalt
weather-facing surface of the shingle to add
ultraviolet and weathering protection, enhance fire resistance, and allow the shingle to

be manufactured with varying appearances
and colours.
In the past, organic reinforcing mats
made of cellulose (paper) were commonly used as an evolution from rag felts. This
material was gradually phased out over the
years in favour of glass fiber reinforcing mats,
due to their increased resistance to heat and
humidity and their better stability. Standard
asphalt laminated fiberglass shingles don’t
absorb as much moisture, and they deform
less over time compared to organic shingles.
Asphalt shingles come in various types,
with the most common being the three-tab
and standard asphalt laminated fiberglass
shingles. In recent years, three-tab shingles
have become increasingly less common and
are being phased out. Nowadays, standard
asphalt laminated fiberglass shingles are

A three-tab asphalt shingle (left) versus an asphalt laminated fiberglass shingle (right).
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LONGEVITY OF ASPHALT
SHINGLE ROOFS
As with most products, the quality and
type of raw materials used, along with the
manufacturing process, play a significant role
in the lifespan of the standard asphalt laminated fiberglass shingle. There are difficulties
for specifiers in this regard, as most manufacturers don’t publish the make-up of their
asphalt shingle products for proprietary reasons. This makes for a difficult comparison of
the various products available in the market.
It’s generally advisable to opt for manufacturers with a good reputation and proven
performance, and / or to enlist the help of
knowledgeable professionals.
Regardless of the type of product, asphalt shingles will deteriorate over time.
This generally involves the shingles losing
surface granules from weathering, exposing
more of the underlying asphalt to ultraviolet
degradation. As the asphalt dries by sun exposure, the shingles lose their essential oils
and flexibility, becoming more brittle as the
roof is exposed to changing temperatures.
This leads to cracking and failure in the
shingle.
A standard asphalt laminated fiberglass
shingle can generally be expected to last
around 15 to 20 years. Most manufacturers
today also offer the option of an SBS polymer-modified shingle, which comes at a
higher cost but can be expected to last 20 to
25 years or longer. The SBS rubber mixed
with the asphalt emulsion improves the shingle’s cold-weather flexibility, thermal shock
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resistance, and blow-off resistance in high
winds. It also provides better adhesion to
hold the surface granules in place and offers
superior ultraviolet resistance.
A roof failure isn’t necessarily related to
the roofing product. In fact, an improperly /
poorly manufactured shingle with a proper
installation generally takes many years to
result in a roof leak. By comparison, a good
quality shingle with an improper installation
can cause a roof to leak during the very first
rainstorm. Some common contributors to
non-product related shingle failures include
inadequate attic ventilation, ice damming,
improper nailing location and technique, and
poor detailing around penetrations, walls,
and other vulnerable transition areas.
Asphalt shingles can be a quality,
well-performing steep-sloped roofing system.
However, its performance depends on the
design of the system, the products used, and
their installation. A well-designed, quality
asphalt laminated fiberglass asphalt shingle
installed by a qualified roofing professional
cannot only protect your building for years to
come—it can also enhance the health of the
building, its aesthetics and curb appeal, and
increase the property value.
n
Junmeng Liu currently works as a project coordinator at Pretium Engineering in the
Waterloo, Ontario office. He holds a master’s
degree in Building Science and is a certified
Passive House consultant.
Since 1990, Richard has been employed in
the roofing industry and has progressed through
various positions within manufacturing and
roof consulting firms throughout Ontario. He’s
a Registered Roof Observer and Certified Level
1 Thermographer. He currently works as a project manager for the roofing division of Pretium
Engineering in the Waterloo, Ontario office.

Pushing the Envelope Canada 25

n

n

n FEATURE

How Canada’s Building Codes &
Energy Standards Affect Calculated
Thermal Performance

An aerial view of construction of a new hospital with the building envelope designed to meet NECB 2017.

By Greer Stanier, M.ASc., Engineer-in-Training, Arthur Li, P.Eng., M.Eng., Project
Engineer & Paul Pasqualini, P.Eng., M.ASc., Co-Founder, Engineering Link

T

he energy performance of a building is impacted by the building
envelope’s ability to resist energy
transfer. Provincial codes and national
energy standards state the minimum thermal resistance requirements for various
assembly types. Compliance is generally
demonstrated by either meeting these minimum prescriptive requirements, meeting
a target overall building envelope thermal
performance with allowable adjustments
(“trade-offs”), or whole building energy
modeling to demonstrate comparable or
less energy consumption compared to
an equivalent building designed to prescriptive requirements. In addition to
outlining minimum thermal resistance
requirements and compliance paths, the
provincial codes and energy standards
also indicate what components of building envelope assemblies are required to be

considered when calculating the envelope
thermal performance. Simply stated, the
codes indicate what thermal bridging is to
be considered when calculating effective
thermal performance.
For designers and contractors, the implication from varying thermal bridging
requirements across codes is that the same
constructed envelope assembly can meet a
target thermal performance in one jurisdiction but not another. This can have significant cost implications when trying to meet
thermal resistance requirements, since the
inclusion of previously omitted bridging
elements may require different systems to
be used to offset the reduction in R-value.
Taking this one step further, if a project
requires a building’s operating energy consumption to be accurately predicted (i.e.,
whole building energy modeling), it makes
sense the effective thermal resistance

provided should be as close to real-world
performance as possible and include all
thermal bridging elements. There are still
thermal bridging components excluded in
even the most stringent standards, like masonry ties and some major fasteners that
can significantly reduce effective thermal
performance of the envelope.
The effective thermal performance of
typical rain screen brick veneer and metal
cladding assemblies is significantly reduced
under the guidelines of the National Energy
Code of Canada for Buildings (NECB 2017)
when compared to older energy standards
such as Ontario Supplementary Standard
SB-10 and NECB 2015. Thermal performance of the typical assemblies is also considered for energy model input, revealing
further reductions to the calculated thermal resistance when trying to achieve a
specific target performance.
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effective R-value in both cases as a result
of the inclusion of more thermal bridging
elements. Further discussion regarding the
specific iterations considered for the brick
and metal panel assembly cases are included
in the next paragraphs (assumptions for each
of the models are included in the footnotes at
the end of this article).

Figure 1. Representation of elements to be considered in Ontario Supplementary Standard SB-10
(left) vs. actual construction of the typical brick veneer assembly (right).
CURRENT ENERGY STANDARDS
In Ontario, SB-10 remains the energy
standard that has been enforced since January 1, 2017. Although the prescriptive thermal performance requirements in SB-10
remain close to newer and current energy
codes, many thermal bridging components
aren’t required to be considered for the thermal resistance calculation. Thermal bridging
elements omitted include:
• Continuous steel shelf angle connections
with a thermal break (thermal break type
is ambiguous);
• Connections of structural load bearing
elements where a thermal break can’t be
achieved;
• Structural projections that make up less
than two per cent of the total envelope area;
• Masonry ties, and
• Flashings.
The introduction of NECB 2017 requires
consideration for all of the above elements
to be included in effective thermal resistance calculations, except for masonry ties.

Although still a model code for provinces
and territories to adopt, NECB 2017 is an
indication of the direction for future codes
and the introduction of more stringent thermal resistance requirements in new construction. This trend is evident locally in Toronto,
with the updated Toronto Green Standard
(TGS) Version 3 modeling guidelines (effective October 19, 2020) addressing the gaps in
SB-10 to include thermal bridging to match
what is effectively required from NECB 2017.
Figures 1 and 2 (above and on the next
page) illustrate the typical brick veneer and
metal panel assemblies and contrast the thermal bridging elements required to be considered when meeting SB-10 compared to
the actual construction of the assembly and
the components required to be considered
for energy model input.
THE IMPACTS OF THE THERMAL
BRIDGES
Going from SB-10 to NECB 2017 resulted
in a significant reduction in the calculated

ASSEMBLY DESCRIPTION

BRICK
When considering the base case against
SB-10, the effects of the steel shelf angle
can be ignored, and with six inches of mineral wool insulation, the thermal resistance greatly exceeds the target R-value of
R-21.4. However, for the same assembly,
the effective thermal resistance is reduced
by more than 50 per cent when designing
to NECB 2017. The thermal bridging impact of the shelf angle can be mitigated by
considering supporting the shelf angle with
discrete knife plates or through a proprietary thermally broken system, like a shelf
angle bracket. The spacing of the knife
plates can be increased to further reduce
thermal bridging, however, there are structural limitations on the maximum spacing
that can be achieved. Other iterations explored include adding cavity insulation to
the stud back-up wall on the interior and
using stainless steel brick masonry ties for
both options to achieve the target R-value
for energy model input. Table 1, below,
summarizes the modeled iterations for the
brick veneer assembly.
METAL PANEL
Similar to the brick veneer assembly, the
inclusion of bridging elements as defined by
NECB 2017 reduces the effective R-value by
over 50 per cent when compared to SB-10.
Consideration of insulation pins further reduces the thermal resistance by another nine

SB-10 /
NECB 2015

NECB
2015

NECB
2017

ENERGY
MODEL

Base Case

26.4

26.4

12.7

-52%

12.4

-2%

1) Base Case, with Knife Plates 24” OC

n/a

n/a

17.8

-32%

16.7

-6%

1 a) Base Case, with Knife Plates 48” OC

n/a

n/a

19.7

-25%

18.3

-7%

1 b) Base Case, with Knife Plates 48” OC and 3.5” of Batt
Insulation in Studs

40.6

40.6

26.6

-34%

24.1

-9%

2) Base Case, with Shelf Angle Bracket

26.4

26.4

21.7

-18%

20.0

-8%

2 a) Base Case, with Shelf Angle Bracket and SS Brick Ties

n/a

n/a

21.7

-18%

21.5

-1%

TARGET – R-21

Table 1. Brick veneer assembly iterations.
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SB-10

NECB
2015

Metal Stud Wall with 6” Ci (Base Case) and Z-Girt

26.4

26.4

12.5

-53%

11.5

-9%

1) Base Case, with Discrete Support

n/a

n/a

16.8

-36%

14.9

-11%

1 a) Base Case, with Discrete Support and SS
Baffles

n/a

n/a

18.6

-30%

16.3

-12%

1 b) Base Case, with Discrete Support, SS Baffles,
and 3.5” Batt Insulation in Studs

40.6

40.6

24.6

-39%

20.8

-15%

1 c) Base Case, with Discrete Support, SS Baffles,
3.5” Batt Insulation in Studs, and Tube Washers

40.6

40.6

24.6

-39%

24.4

-1%

ASSEMBLY DESCRIPTION B

NECB
2017

n

ENERGY MODEL

TARGET – R 21

Table 2. Metal panel assembly iterations.
per cent when considering energy model
input. It’s clear that continuous cladding support systems (i.e., continuous z-girts) are not
a thermally feasible option for cladding attachment under NECB 2017. Discrete cladding supports are subsequently considered to
further reduce thermal bridging.
Additional iterations considered to
achieve the target R-value for energy model
input include using less thermally conductive
materials for baffles / compartmentalization
flashings (i.e., stainless steel), adding cavity
insulation to the stud back-up wall on the
interior, and using less thermally conductive
insulation attachment systems, like plastic
“tube washers.” Table 2, above, summarizes
the modeled iterations for the metal panel
assembly.
WHAT THIS MEANS
Although a very simple comparison, the
purpose of this analysis was to demonstrate
the impact of the incoming newer energy

standards on thermal performance of a typical brick veneer and metal panel assembly.
Newer energy standards such as NECB 2017,
TGS Version 3, and subsequent versions of
each of these standards will continue to progressively introduce more stringent energy
efficiency standards for new buildings in Ontario (and in Canada).
Inputs for energy modeling should be
indicative of real-world performance and
should be inclusive of all thermal bridging,
beyond what current energy standards require. This analysis ultimately shows there
are multiple wall design options that can
be considered to achieve the required thermal performance of the envelope, and the
costing implications of each option should
be considered by the project team (designers,
owners, and contractors) during design. n
Greer Stanier is an engineer-in-training at
Engineering Link. She has a master’s degree in
building science from Ryerson University.

Figure 2. Representation of elements to be considered in Ontario Supplementary Standard SB-10
(left) vs. actual construction of the typical metal panel assembly (right).

Arthur Li, M.Eng., P.Eng. is a project engineer at Engineering Link. He has five years of
building science experience in thermal modeling, building envelope restoration, and building
envelope design for new construction.
Paul Pasqualini, M.ASc., P.Eng. is a
co-founder of Engineering Link, focused on
leading the firm’s building envelope services
and the parking structures practice area. Paul’s
expertise has led him to design envelope systems
around the world, addressing various complex
environmental and maintenance issues, including condensation and mould sensitivity,
thermal and moisture management, deterioration, and preventative maintenance systems
design.
FOOTNOTES
1. Both assemblies generally consist of
exterior cladding, well-ventilated air
space, six inches of semi-rigid insulation (mineral wool), half-inch sheathing on six-inch steel stud back-up wall,
and half-inch drywall on a sample
three-storey building with a 30 per cent
window-to-wall ratio. Base case brick
veneer assembly assumes a shelf angle
anchored back to floor slab and galvanized steel masonry ties. Base case
metal panel assembly assumes continuous z-girts with galvanized steel
stick pins for insulation attachment.
2. For all iterations, effective thermal performance values are calculated based
on ASHRAE 1365-RP, accounting for
thermal bridges using linear and point
thermal transmittances. The model
considers typical linear thermal transmittance values for common attributes, like the slab edge, window transitions, corners, and parapet.
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City Of Toronto
Tests Structural
Thermal Breaks
with Tridel:
City Partners with
Real Estate Developer
for Toronto Green
Standards Testing
Rising 35 storeys, the Bloorvista condominium community features 392 suites and townhouses and 4,645 square metres (50,000 square feet)
of indoor and outdoor shared amenities such as terraces, courtyards, and recreation facilities. Tridel is pursuing LEED Gold green building
certification. Photo provided by Tridel.

By Tracy Dacko, Marketing Manager, Schöck North America

T

he City of Toronto has initiated a
program with Tridel Corporation to
test the effectiveness of structural
thermal breaks. The test will measure the degree to which structural thermal breaks save
energy and maintain uniform temperature of
the interior floor, as part of an effort to finetune the city’s sustainable design requirements for new construction.
The Toronto Green Standard is the city’s
blueprint for sustainable design and is part of
the overall urban plan to meet the pan-Canadian building standard of Net Zero Energy
by 2030. Introduced in 2006 as a voluntary
standard for new development, it’s implemented increasingly rigorous “tiers” every
four years to reduce building energy use and
greenhouse gas emissions, improve air quality, and protect local waterways and ecology.
Tridel, one of the largest and earliest-born real estate developers in Ontario,
is partnering with the City of Toronto to

test the effectiveness of thermal break solutions at the Bloorvista luxury condominium
community. Bloorvista, a 35-storey tower, is
part of the Islington Terrace master-planned

community of residential, indoor, and outdoor amenities and retail space. Schöck
Isokorb® structural thermal breaks for balcony connections are being measured against

Structural thermal breaks for concrete-to-concrete construction are positioned in line with the
insulated building envelope. Stainless steel rebar projecting from the interior side of the insulation
block is wired into the rebar of the interior floor slab, while stainless steel rebar projecting from the
exterior side of the block is wired into the rebar of the balcony, slab edge, parapet, or other exterior
concrete structure.
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Isokorb® concrete-to-concrete structural thermal breaks provide structural support and insulation
to minimize heat transfer through thermal bridges penetrating the building envelope. Tension
and shear bars running through the insulation block tie into the steel reinforcement bars of the
building’s interior slab and cantilevered exterior penetrations.

another manufacturer’s thermal breaks, in a
“punctual solution” arrangement, and a “do
nothing” scenario.
Two kinds of Schöck thermal break
products for concrete-to-concrete balcony
connections were installed: one containing
80 millimetres of insulating material in the
assembly and one containing 120 millimetres
of insulating material designed for higher
thermal performance. The thermal breaks
and temperature sensors were installed on
the 32nd and 33rd floors in April 2019.
On the 31st floor, the other manufacturer’s thermal break products were installed,
providing a performance comparison by
separate manufacturers of thermal break
solutions.
Also being evaluated on the 34th floor is
a “punctual solution” arrangement, in which

Temperature sensors installed on the interior
and external balcony sides of the thermal
break modules will monitor temperature
differential to indicate the modules’ insulation
effectiveness.
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rigid insulation blocks between the interior
floor and balcony slabs are placed alternately
with lengths of uninsulated reinforced concrete. The intent is to measure heat escaping
from the uninsulated areas to the outside.
A third-party independent company,
AOMS Technologies, installed highly accurate and rugged sensors to measure the
temperature of the concrete on the interior
and exterior sides of the structural thermal
breaks. Sensors were also installed on a floor
without structural thermal breaks to create a
baseline condition for comparison.
The testing continues over approximately
15 months to collect data for an entire seasonal cycle. Results are expected when the
building is completed and heated during
2021 and 2022.
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Condensation forming on the underside of an uninsulated balcony penetration can lead to mould
growth, respiratory problems, and litigation in modern, air-tight buildings.

WHAT IS THERMAL BRIDGING?
Thermal bridging occurs at penetrations
through the insulated building envelope,
creating an easy path for heat loss and weakening the thermal performance of the building envelope. In concrete structures, thermal
bridging is commonly found at balconies
where monolithic slab castings penetrate the
insulated building envelope, allowing heat
energy to travel through concrete and rebar
into the cantilevered balcony. During low

Structural thermal breaks are cast in concrete using
conventional methods, flush with top and bottom
surfaces of the slab.
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temperature conditions, uninsulated balconies create a “cooling fin” effect.
In addition to wasting energy, uninsulated balconies chill adjacent interior surfaces,
which can reach dew point in today’s high-humidity buildings, promoting condensation
and mould growth in stagnant wall and ceiling cavities.
Mould can become airborne years before
becoming visible, exposing the owner to liability and remediation costs.

Schöck Isokorb® structural thermal breaks are installed at the balconies on the 32nd and 33rd
floors. Stainless steel rebar running through the insulation tie to the rebar for the balcony and
interior slabs.
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HOW STRUCTURAL THERMAL
BREAKS REDUCE THERMAL
BRIDGING
Positioned at the building envelope between the interior floor slab and cantilevered
balcony slab, the longitudinal structural thermal break is fabricated of graphite-enhanced
expanded polystyrene, which is two per cent
as conductive as concrete, and stainless steel
rebar, which is one-third as conductive as carbon steel rebar. The structural rebar projects
through the polystyrene and ties into conventional rebar of the interior floor and exterior
balcony slabs prior to casting in concrete.
The resulting assembly provides the structural strength necessary to support loads,

n

n

n FEATURE

A punctual solution is installed at the balconies
on the 34th floor. Thermal break modules
between the interior and balcony slabs are
placed alternately between lengths of uninsulated
reinforced concrete to measure heat escaping
from uninsulated inside areas to the outside.
while reducing heat loss at the penetration
by up to 90 per cent and raising the temperature and comfort of interior floors. It also
prevents condensation and mitigates the risk
of mould growth, which can be the source of
costly repairs, remediation, and even lawsuits
relating to the air quality and health of the
building’s occupants.
The effectiveness of thermal breaks as
revealed in the test may influence Toronto
to include them in its sustainable design requirements for new construction.
n
Tracy Dacko has more than 25 years in
building products strategic marketing management. She is former president of the New Jersey
chapter of the Business Marketing Association,
has served on the Board of Trustees for PeopleCare Center for Human Services, and has authored numerous articles and published works.
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More Than a Gadget:
The Role of Smart Thermostats in High-Rise
Residential Building Diagnostics & HVAC Control
By Helen Stopps, Assistant Professor, Department of Architectural Science, Ryerson University &
Marianne Touchie, Assistant Professor, Departments of Civil & Mineral Engineering & Mechanical &
Industrial Engineering, University of Toronto
systems installed in the buildings are typical
among buildings of this type. As such, at a
high-level, similar shortcomings, opportunities, and limitations may be present
in other buildings of this type and warrant
consideration.

S

mart home technology is experiencing high adoption rates throughout
North America. These smart technologies often provide improved user-device interfaces and offer new opportunities to manage building operation. Smart
thermostats are one of the most common
smart home devices and have demonstrated
energy conservation benefits in single-family
homes. However, their applications in highrise residential buildings have yet to be fully
explored.

The findings of a one-year case study
that took place in two contemporary condominium buildings in downtown Toronto
offer some interesting insights. Let’s take
a closer look at the case study, the operational challenges faced in HVAC systems
in these buildings, and the energy and indoor environment management opportunities presented by smart thermostats.
While the study buildings aren’t necessarily
representative of contemporary high-rise
residential buildings in general, the HVAC
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CASE STUDY SUMMARY
In the case study, field data was collected
from two highly glazed contemporary condominium buildings (Buildings A and B)
located in the City of Toronto, Ontario, both
equipped with pressurized corridor ventilation systems. In-suite space conditioning was
provided via two-pipe fan coil units (FCUs)
in Building A and via water-loop heat pump
units in Building B.
Suite-level data collection took place in 54
suites across the two study buildings, in which
pre-existing, non-programmable thermostats
were replaced with ecobee3 smart thermostats. The research team remotely collected
thermostat data and altered thermostat
control methods for a 14-month monitoring
period.
Central building HVAC system operation was also monitored in both buildings
for a 14-month period. Data were collected
on equipment electricity consumption (e.g.,
chiller, pumps, cooling towers, etc.), boiler
natural gas consumption, and thermal energy
output (e.g., flow rate and change in temperature for the main building water loop) to
determine central space conditioning plant
energy use and operating efficiency over the
study period.
HVAC OPERATION CHALLENGES
Two key shortcomings were identified
with respect to the study buildings’ HVAC
systems. The first is related to the operation

n

Electrical submetering installed in one of the study buildings.
of the pressurized corridor ventilation systems in the buildings. Short in-suite HVAC
runtimes and frequent over-conditioning
of suites were common in the study buildings, both of which appeared to be driven
by over-conditioning of corridor ventilation
air.
Shifting conditioning load from building
common areas (e.g., through decreased conditioning of corridor ventilation air) to suitelevel HVAC systems would allow individual
suite HVAC systems to be more responsive
to demand and only provide conditioned air
where and when it’s needed, saving energy
and improving occupant comfort.
Over-conditioning is believed to occur,
in part, due to unbalanced air duct systems
in the buildings. Building staff noted that
while they tried to move corridor ventilation
dampers back to the same position they were
in prior to cleaning, there are no markings
present to indicate where dampers should be
returned to, which likely results in the gradual
unbalancing of air duct systems in the building. Additionally, adjustments to ventilation
air supply temperatures, driven by occupant
complaints of thermal discomfort in hallway
areas, is likely a contributing factor.
The second shortcoming is related to indoor air humidity levels in the study buildings. High humidity levels were present

n

n FEATURE

A rooftop weather station installed at one of the study buildings.

during the cooling season in both study buildings (average relative humidity of 65 per cent
in Building A and 54 per cent in Building
B), which may reduce indoor air quality and
interior finish life spans. As climate change
continues, this issue will be exacerbated, as
cooling season outdoor dew point temperatures rise.
Additional dehumidification of indoor air
is needed. This can be accomplished through
different avenues, including increasing insuite HVAC runtime (e.g., through reducing
the provision of conditioned hallway air), increasing dehumidification at the make-up air
unit level (e.g., through reducing air temperature setpoints or adding dehumidification
systems), and / or providing dehumidification
at the suite-level.
SMART THERMOSTAT
DIAGNOSTIC AND CONTROLS
OPPORTUNITIES
While advanced HVAC controls are the
most common feature associated with smart
thermostat use, in the region’s minimally
instrumented high-rise residential buildings, the opportunities to affordably collect data from building suites are arguably
more valuable for energy and environment
management. In-suite smart thermostat use
allows the collection of HVAC operation

and indoor condition data from all building
suites, which can be used by property and
energy managers to identify opportunities
for building recommissioning. For example,
smart thermostat data can be used to identify over- and under-conditioning issues, to
develop targeted energy management outreach programs for individual suites based
on analysis of their temperature setpoints
and schedules, or to identify high-risk areas
for mould growth based on indoor humidity
levels.
Nevertheless, energy management
opportunities from advanced HVAC controls opportunities shouldn’t be discounted.
For example, in the studied buildings, occupancy-based control was found to reduce
HVAC system runtime during the cooling
season by 5.9 per cent (+/- 46 per cent), on
average. The absolute energy savings from
occupancy-based control in the buildings,
however, were limited by pre-existing short
terminal HVAC runtimes in the studied
suites (average of 12 minutes per hour in
cooling season and five minutes per hour
in heating season). As such, upgrading insuite controls is unlikely to reduce overall
building energy use substantially unless
re-commissioning building HVAC systems,
especially corridor ventilation systems, is
completed first.
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Building A, primary cooling plant electricity
use is expected to increase by 21 per cent in
the next 20 years. While the exact change
in electricity demand will vary between
different buildings and realized climate
change outcomes, in general, a non-trivial change is expected and will represent
significant increases in building operating
cost, which building owners, operators, and
energy management practitioners must start
planning for.
n

In-suite relative humidity measurements in Buildings A (nsuite = 26) and B (nsuite = 28).
ESTIMATING PRIMARY ENERGY
IMPACTS OF RETROFITS
As our high-rise residential building
stock ages, retrofits of building envelope
systems are becoming more prevalent.
Lowering building space cooling demand
was shown to have diminishing effects on
chiller plant electricity use for larger building demand reductions. To maximize the
relative impact of retrofits on space cooling
electricity use, the first 10 to 20 per cent
of building space cooling thermal demand
reductions are the most important. While

these types of major retrofits may be far
off for contemporary high-rise residential
buildings, similar effects are likely to be observed in older buildings with chiller plants,
which may be undergoing major retrofits in
the near future.
PLANNING FOR THE FUTURE
In Toronto (and Ontario, more broadly), climate change is expected to have a
significant impact on space cooling electricity demand. Based on 2040 weather
projections1 and central plant modelling in
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