


Acknowledgements
This technical research presented in this lecture has been made possible through the 

generous financial support of ROCKWOOL North America. 

Special thanks to Co-Researcher, Dr. Liam O’Brien, Associate Professor, Architectural 

Conservation and Sustainability, Carleton University and Dr. Aylin Ozkan, Research 

Associate, University of Toronto.

It is also important to acknowledge the countless individuals and organizations that 

have directly or indirectly contributed to the advancement of energy modelling and the 

thermal resilience design of buildings. 



Buildings Are Anthropomorphic Prostheses



Humans live inside skins.



The first skin is the one we are born with.



The second skin is the 

one we wear and we do 

so for many reasons that 

go beyond function, style 

and comfort – such as 

status or safety/survival.



And the third skin is our 

building enclosure once 

intended for shelter, but

now for much 

more than 

just keeping

the 

outdoors

out.



And if you experience health problems, contract a rare disease or 

get into a bad accident, you may end up in a fourth skin.



Take away the façade and what have you got?



They sure don’t make facades like they used to, eh?

A façade in New York collapses during Hurricane Sandy.

Thank God the velvet paintings were spared.



The $1 Trillion Storm: How a Single Hurricane Could 

Rupture the World Economy by Geoff Diembicki

A Florida condo building damaged by Hurricane Andrew in 1992. 

Photo by Steve Starr/Corbis via Getty



We are here

The BIG Picture



Source: NOAA National Centers for Environmental Information (NCEI) 

U.S. Billion-Dollar Weather and Climate Disasters (2018). 

https://www.ncdc.noaa.gov/billions/

▪NOAA data indicates a sharp 

increase in billion-dollar weather 

and climate disasters that have 

affected the United States.

▪Most of these climate disasters 

knock out power for extended 

periods of times.

▪Often these events occur during 

periods of extreme heat and cold.

▪Buildings are unable to deliver 

shelter needs under these 

conditions.

Climate Disasters are Escalating



Projected changes in recurrence time (in years) for annual highest temperatures that occurred, on average, once in 

10, 20, and 50 years in the late 20th century across Canada. 

Source: Bush, E. and Lemmen, D.S., editors (2019): Canada’s Changing Climate Report; Government of Canada, 

Ottawa, ON. 444 p.

Extreme Weather Events Will Be More Frequent and Severe





Wildfires Can Be Unstoppable





A large North American storm complex impacted the 

northeastern United States and Canada from 

December 20 to 23, 2013. 

▪ The storm produced freezing rain and snow to the 

affected areas which caused massive damage to 

electric power transmission and trees. 

▪ Many residents had to abandon dwellings that had 

no heating and quickly became too cold to inhabit.

▪ The storm resulted in 27 deaths, loss of power to 

over a million residents and over $200 million in 

damages. 

Freezing Rain Can Be Deadly





New York

Chicago

Toronto

▪ Northeast blackout of 2003 is the ninth-largest major 

power outage in the world affecting 55 million people.

▪ The outage lasted from 1 to 5 days during a period of 

extreme hot weather.

Beware Power Outages During Heat Waves



Heat Waves Kill More People Than Fires

More people died in this summer’s heat wave than in the Grenfell Tower fire disaster.



Everybody’s got a plan until they get 

punched in the face.

Mike Tyson



At the peak of winter or summer, our new housing 

will become uninhabitable within several hours 

after the grid goes down.



Extreme weather reveals inferior enclosures.



Source: Professor Liam O’Brien, Carleton University

Field Investigator: Isis Bennet.

Code violations for condensation control are widespread. 



▪ Our communities will continue to “get punched 

in the face” as the frequency and severity of 

extreme weather events keeps dramatically 

increasing.

▪ Infrastructure delivering vital services to our 

communities is aging and therefore more 

susceptible to failure. 

▪ Resilience is a critical and cost effective 

strategy that is easy to deploy and will help 

keep inhabitants safe.

▪ It will also help preserve the integrity and value 

of our building assets.

Futureproofing



Nothing contributes more to 

building resilience than 

passive systems, and the 

most important passive 

system in a building is the 

enclosure / façade.



Thermal autonomy is a measure of the fraction of time 

a building can passively maintain comfort conditions 

without active system energy inputs.



Passive habitability is a measure of how long a building 
remains habitable during extended power outages that 
coincide with extreme weather events. 



Thermal resilience involves the application of basic building science. 

Passive measures for buildings have the advantage of requiring no external 

energy sources to deliver habitable shelter under a variety of extreme conditions.

Thermal Resilience Recipe

▪ High levels of thermal insulation

▪ Appropriate window-to-wall ratio

▪ Efficient windows & SHGC

▪ Continuous air barrier system

▪ Shading devices

▪ Natural ventilation



Thermal Insulation



Thermal Bridging









Building enclosures should be designed to 

dry out easier than they get wet. This is often 

easier said than done in climate zones with 

high precipitation exposure and low drying 

potentials. The vapor permeability of air 

barriers is among the many critical factors 

affecting hygrothermal performance.







Windows



Spectrally Selective Glazing





Advances in window technology have produced products that provide net energy gains on an annual basis for certain solar 

orientations and climate zones. Unlike only several decades ago, designers can tune building energy performance with the 

intelligent selection of window technologies. 



The window-to-wall ratio is a critical building enclosure design parameter. The influence of 

window-to-wall ratio on wall enclosure overall effective R-value for various combinations of 

opaque walls and windows reveals that highly glazed buildings can never be thermally resilient. 





Shading Devices











Natural Ventilation



Single-sided ventilation is less effective than cross ventilation.



The effective natural ventilation of all compartmentalized spaces is challenging.



Natural ventilation techniques range in degrees of effectiveness.



The configuration of ventilation openings is among the most critical factors affecting natural ventilation effectiveness. 



Vernacular architecture provides successful precedents for 

enhanced natural ventilation.



Natural ventilation in tall buildings must be specially engineered.



Thermal Mass



Thermal mass enhances thermal resilience.



More is not always better when it comes to thermal mass in buildings. 



Phase change materials are an alternative to thermal mass. Properly selected and integrated 

within the building-as- a-system, PCMs can store excessive solar and/or internal gains in 

order to shift peak loads, extend thermal autonomy and enhance passive habitability.



Enclosure Thermal Efficiency by Climate Zone



The window-to-wall ratio is a critical building enclosure design parameter. The influence of 

window-to-wall ratio on wall enclosure overall effective R-value for various combinations of 

opaque walls and windows reveals that highly glazed buildings can never be thermally resilient. 



Recommended Minimum Enclosure 

Thermal Efficiency by Climate Zone

Enclosure Thermal Efficiency Chart



Recommended Passive Measures

By Climate Type

▪ High levels of thermal insulation

▪ Appropriate window-to-wall ratio

▪ Efficient glazing with suitable SHGC

▪ Continuous air barrier system

▪ Shading devices

▪ Natural ventilation



Solar Orientation Affects Thermal Resilience in Cold Climates

In Climate Zone 6, a high performance enclosure with a balcony (shading from solar gains) and active inhabitants (able to 

respond with appropriate clothing levels and operate windows and/or shading devices) resulted in about 79% thermal autonomy.

But a north-facing suite can only achieve about 46% thermal autonomy and supplemental heating demands dominate.

South-Facing Condo Unit

North-Facing Condo Unit



When the whole building 

is modelled, and an open 

floor plate is assumed, the 

thermal autonomy 

approaches that of a 

north-facing suite.

This suggests that for 

non-residential buildings, 

such as offices, a means 

of isolating a south-facing 

zone is necessary to 

create a place of 

habitable refuge.

Typical Floor in

Zone 6 Condo Building



Passive Habitability South-facing condo: Winter

Habitability Threshold

In Climate Zone 6, a high performance enclosure with no balcony (no shading from solar gains) and 

active inhabitants (able to respond with appropriate clothing levels and operate windows and/or 

shading devices) resulted in the best cold weather passive habitability response.



Habitability Threshold

In Climate Zone 6, a high performance enclosure with a balcony (shading from solar gains) and 

active inhabitants (able to respond with appropriate clothing levels and operate windows and/or 

shading devices) resulted in the best hot weather passive habitability response.

Passive Habitability South-facing condo: Summer



Beyond Thermal Resilience

Ventilation, thermal and luminous autonomy metrics for an integrated design process.

Won Hee Ko, Stefano Schiavon, Gail Brager, Brendon Levitt (2018). Building and 

Environment 145 (2018) 153-165.



Enclosures Rule
Putting it All Together – Heating and 

Cooling Energy Cost
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Building Orientation

Envelope - 90% WWR, R13, IGU-1
(U-2.39, SHGC-0.62)

Envelope - 90% WWR, R4.5, IGU-2
(U-2.26, SHGC-0.39)

Envelope - 90% WWR, R13, IGU-5
(U-2.04, SHGC 0.5)

Envelope - 55% WWR, R13,  IGU-5
(U-2.04, SHGC 0.5)

Envelope - 55% WWR, R13, IGU-2
(U-2.26, SHGC-0.39)

Envelope - 30% WWR, R13, IGU-2
(U-2.26, SHGC-0.39)

Envelope - 30% WWR, R13, IGU-4
(U-2.26, SHGC-0.39)

Envelope - 30% WWR, R13, IGU-6
(U-1.96, SHGC-0.33)

Source: The Relative Impact of Building Form on Energy Consumption. Steve Kemp, MMM Group, 2014.

High performance enclosures permit a greater degree of design freedom 

for building form and orientation.



Building Stock Rehab 101
Strategies for Sustaining Where We Live, Work and Play

Dr. Ted Kesik, P.Eng.



“New” 21st Century Buildings

“Old” Existing Buildings

Plastic Bag Iceberg

▪ Design Dumb

▪ Build Cheap

▪ Maintain Expensive

The Deep Retrofit

Challenge

The focus of cities should be on renewal 

more so than on new development.



https://www.daniels.utoronto.ca/faculty/kesik_t/TRG/TRG_WEB.pdf

https://www.daniels.utoronto.ca/faculty/kesik_t/TRG/TRG_WEB.pdf
https://www.daniels.utoronto.ca/faculty/kesik_t/TRG/TRG_WEB.pdf








https://pbs.daniels.utoronto.ca



Thank you.






