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Heritage masonry buildings make up a large portion of Canada’s urban structures - from the 
historic warehouses in the downtowns of thriving cities to the shops that line small-town main 
streets and squares.  Late 19th and early 20th century construction provides warm, inviting, 
comfortably human-scaled settings that plunge us back into history and tell our collective stories.  
Not only are these structures significant assets to our physical environment and culture, but their 
robust assembly and appealing character make them adaptable to new uses.  

While heritage masonry structures are not typically energy efficient, it is environmentally and 
financially unrealistic to replace these time-tested buildings with new net-zero ones.  Hence, 
intensive energy retrofitting of heritage masonry buildings is a key part of achieving a zero-
carbon, energy-neutral future while maintaining our cultural and architectural heritage.

The addition of interior thermal insulation to solid masonry walls is a common consideration for 
heritage retrofits.  This article offers best-practice considerations in what is an evolving, ongoing 
discussion within the architectural, heritage and building science communities.  Research 
presented has been peer-reviewed by the Ontario Association of Architects (OAA) Sustainable 
Built Environments Committee (SBEC), along with lessons learned from building science 
specialists and heritage consultants.  The examples that follow illustrate, but are not limited to, 
four possible approaches to retrofitting heritage masonry buildings.

The Basics and Risks of Retrofitting Old Buildings

Reducing heat loss in older buildings is a key component of meeting energy efficiency targets 
such as Passive House and TEDI (Thermal Energy Demand Intensity) requirements.  The most 
effective way to reduce heat loss is through upgrading the exterior glazing systems by replacing 
or refurbishing windows with thermally broken framing, highly insulated glazing units and 
weather-stripping repair.  The second biggest item is to balance air-leakage in the building 
enclosure, such as around door and window openings, while maintaining interior air quality and 
exchange control through the mechanical systems.  Assuming windows and air infiltration have 
been addressed, the next priority is to insulate the walls to reduce heating demand.   

From a moisture management perspective, the best way to insulate a building is from the exterior, 
enclosing the structural walls within the thermal envelope.  The structure will be heated as part 
of the interior conditioned space, where it will be kept warm and dry.   But while wrapping the 
exterior is preferable from a building science perspective, it is not often viable from an aesthetic 
perspective or possibly due to access challenges.  Additionally, conservation groups and 
associations tasked with advocating for heritage sites simply will not let masonry, which gives 
many buildings their heritage character, be covered up.  If we cannot wrap the exterior, the other 
logical place to insulate is from the inside.  In doing so, one must consider how a significant 
reduction in heat loss can be achieved without creating deterioration or mould issues?
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Moisture Control in Mass Masonry Walls

Excessive moisture is the main cause of deterioration and mould in wall systems.  In older masonry 
buildings, thick exterior walls provide structural capacity and redundancy, limiting the risk of 
rainwater entry as a result.  Heavy masonry walls use hygric mass to control wetting by absorbing, 
storing, and drying rainwater.  Thinner walls control rainwater entry through the use of less porous, 
denser masonry materials.  The porosity of masonry, the mortar properties and the presence of 
voids in the wall system all play a role in the control of rainwater.  The balance of wetting and 
drying, as well as material vulnerability dictate the susceptibility to decay in a particular exposure or 
environment.

Freeze-thaw is a major decay mechanism for masonry walls in cold climates.  For deterioration to 
occur during freezing, masonry materials must reach a critical degree of water saturation.   Masonry 
strain and deterioration accelerates at higher moisture levels.  Generally, masonry walls must be 
quite damp and exposed to multiple freeze-thaw cycles before damage occurs.  So as long as the 
brick does not get damp, there is no problem.  There are plenty of buildings with highly vulnerable 
masonry that have endured well, with limited moisture exposure. 

Heavy masonry walls get colder in winter when insulated on the interior.   These walls also typically 
get damper, as there is less heat flowing outward through the wall for drying.  This is why walls may 
be more vulnerable to freeze-thaw decay as a result of interior insulation retrofits.

Many good measures for limiting risk of freeze-thaw deterioration and other moisture problems are 
derived from knowing the Dos and Don’ts of the 3 Ds: Deflection, Drainage and Drying.

Deflection

1.	 DO minimize rainwater exposure.  Use large overhanging cornices.  Slope window sills 		
	 with back and end dams.  Repair masonry and repoint failing mortar joints.  Design 		
	 effective drip edges, parapets and flashings to drain/shed water away from the wall.

2. 	 DON’T allow grades and paving finishes to collect water near the base of a masonry wall.  		
	 Slope grades away from the building.  Where possible, do not extend masonry all 			
	 the way to grade, as moisture and salts will find their way into the wall assembly. 	

Drainage

3.	 DO drain walls and soils adjacent to the foundation.  Install weeping tiles and drainage 		
	 mats on foundation walls.  Ensure internal wall drains are working.  Include scuppers in 		
	 roof designs.

Drying

4.	 DON’T use coatings or sealants that restrict drying.  Masonry and mortar are porous 		
	 materials intended to breathe.   Painting a masonry wall will not inherently harm or 		
	 damage the masonry, but the paint layer must be maintained to limit rain water entry and 		
	 to continue to allow for outward drying of the wall.  When the paint layer begins to fail, the 		
	 wall will be exposed to moisture, adding to the risk of deterioration.   

5.	 DON’T allow vacated or mothballed heritage masonry buildings that are intended for 		
	 future use to be left unheated.  A cold, unheated wall will often accelerate the rate of 		
	 deterioration of a mass masonry assembly and frost-heave often occurs.
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Air Leakage and Water Vapour Diffusion

Further design considerations related to vapour and air wetting including the following:

6.	 DO limit cold-weather mechanical pressurization of the building with humid air. 
	 Pressurization of the building during the winter can drive humid indoor air through 	
	 the exterior wall assembly, resulting in excessive wetting and the risk of freeze-thaw 	
	 damage, frost accumulation and mould grouth.  Mechanical systems should be designed 	
	 to a neutral or slightly negative indoor pressure under all schedules of operation.

7.	 DO control interior humidity levels in winter.  
	 Aside from the extreme east and west coasts, most parts of Canada have considerably 	
	 more drying conditions than wetting conditions.  Wetting in a heritage exterior wall 	
	 can occur from condensation of indoor humidity building up during the winter and 	
	 being absorbed during the melt cycles of daily warmup and solar heating.  While it can 	
	 be challenging to maintain humidity levels within certain ranges in a building that isn’t 	
	 properly sealed, retrofit designs should consider adequate vapour control suited for their 	
	 exterior and interior climates.	

8.	 DON’T place a poorly installed air barrier on the inside of a masonry wall assembly.   	
	 Historically, plaster and lath wall finishes allowed water vapour to pass back and forth.  	
	 Surfaces within the wall were warmed by heat loss, limiting condensation.  Polyethylene 	
	 membranes (PE) have very low vapour and air permeance but are difficult to air seal 	
	 at complex interfaces with the wall, including at floor joints and at the intersection 	
	 with columns.  Holes in the PE can carry moisture into the wall via air leakage.  Ensure 	
	 continuity of the air barrier in detail design and installation, and confirm through fog and/	
	 or whole building air tightness testing and inspection.

Risk Assessment Approaches

Considering the general measures for moisture control in masonry walls, the following steps are 
recommended for assessing the risk of insulation retrofit approaches:

9.	 DON’T devise a solution without first looking at the condition of the building you are 	
	 dealing with.  Look for evidence of where water may be getting into the wall, such as areas 	
	 of decay and staining.  Check near the ground for spalled material and soft, sandy mortar.  	
	 Verify the condition of walls not typically exposed to rainwater, such as the backside of 	
	 exposed parapet walls - if they are in poor shape, water is getting in somewhere.

10.	 DON’T assume all wall exposures experience the same amount of wetting.                    
	 Different wall exposures can be subjected to varying degrees of wetting.  Examine the 	
	 surrounding built environment and microclimate for possible effects of sun and wind 	
	 drying, driving rain and water shedding from other structures.  

11.	 DON’T assume that all heritage masonry walls need to be exhaustively tested and 		
	 analyzed.   The value of the heritage asset should inform the decay risk assessment 	
	 effort and expense—for instance, different levels of investment should be put into 	
	 a monumental public landmark versus a single-family home.  If hygrothermal analysis 	
	 is being considered for the project, it will entail detailing project-specific masonry 	
	 properties along with creating invasive openings to confirm assemblies and conditions.  	
	 Hygrothermal properties of the sampled materials are measured and used to predict 	
	 conditions that may result from proposed interior insulation retrofit designs.  These 	
	 conditions are compared to measured critical saturation levels during freezing condition 	
	 to assess decay risk.  Localized wall monitors and sensors used over a whole seasonal 	
	 cycle can predict the impact and performance of an insulation strategy on the wall system.
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12.	 DON’T choose a re-pointing mortar that is incompatible with surrounding materials.                         	
	 Never use a high-strength mortar in a wall with original soft and flexible lime-based 	
	 mortar or brick.  Portland cement is strong and stiff rather than soft and flexible; mortar 	
	 joints are supposed to accommodate movements and be sacrificial by design.  Any 	
	 replacement masonry or mortar should bond well with the adjacent materials and 	
	 replicate similar performance under a range of weather conditions.   Lab testing of 	
	 mortars and masonry samples should be conducted to determine the most appropriate 	
	 replacement materials.

13.	 DON’T devise an interior insulation strategy for a multi-wythe masonry building 		
	 without first knowing where (and whether) the wall should be insulated.  
	 Every building is unique, and modifications over their lifecycle may have resulted in 	
	 changes that differ from the original construction.  Retrofitting on the inside may create 	
	 unforseen expansion and contraction forces on a seasonal basis.  If the masonry wall 	
	 does not have expansion joints, it could create cracks and fissures on its own due to 	
	 these forces over time.  It is important to analyze the potential for expansion and 		
	 contraction that may result from an interior insulation strategy.

14.	 DON’T insulate a mass masonry foundation below-grade from the interior without 	
	 knowing the drainage capacity of the exterior soils.                                                                                    
	 Conduct field inspections and geotechnical analysis to determine the soil drainage 	
	 capacity.  Check basement walls for moisture, verify if the mortar is soft and sandy 	
	 or if the brick near the floor is crumbling.  If these conditions are detected, insulate 	
	 on the outside of the wall below-grade over a consolidated masonry render 		
	 and waterproofing membrane.  Sealing the interior of a damp foundation wall with 	
	 insulation will make the wall colder and reduce its ability to dry from the inside.  Leaving 	
	 a cold wall exposed to exterior groundwater and freeze-thaw will gradually deteriorate 	
	 the mortar and risk structural failure over time, or at a minimum may shift and crack the 	
	 masonry assembly, thus allowing more moisture to enter the wall.  

4

Mortar deterioration at a parapet wall	                               Brick sampling extraction from a mass masonry wall
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Basic Assessment                         	Testing & Analysis                         	Mock-Up Monitoring                         	Recommended Retrofit                       	

For Lesser Value 
Building

For Medium Value 
Building

Reveal low risk of 
freeze-thaw

deterioration

Reveal low risk 
of freeze-thaw 
deterioration

Monitoring reveals 
low risk

Monitoring reveals 
significant risk

Reveal uncertain 
risk of freeze-thaw 

deterioration

Reveal significant 
risk of freeze-thaw 

deterioration

Reveal uncertain 
or significant risk 

of  freeze-thaw 
deterioration

For High Value 
Building

Interior insulation retrofit or 
Ventilated Masonry Retrofit 

with measures to reduce 
moisture exposure

Pursue Interior Insulation 
strategy or 

Ventilated Masonry Retrofit

Pursue Interior Insulation 
strategy

Pursue Interior Insulation 
strategy

Do not insulate or tie 
insulation along with targeted 
measures to reduce moisture 

exposure and/or Dynamic 
Buffer Zone approach. 

Do not insulate or tie 
insulation along with targeted 
measures to reduce moisture 

exposure and/or Dynamic 
Buffer Zone approach. 

Do not insulate or reduce 
moisture exposure with 
Dynamic Buffer Zone. 

Table 2: For buildings where Basic Assessment does not clearly reveal one of the conditions in Table 1                    	
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Contrary to popular belief, it is possible to insulate the interior of many heritage masonry buildings 
without an increased risk of deterioration.  The catch is, it must be done very carefully and only after 
examining the existing structure and building assembly thoroughly.  With any interior retrofit approach, 
each building must be reviewed on a case-by-case basis and carefully considered for the correct retrofit.  
Heritage consultants, structural engineers and building science specialists should always play a part in 
this process to ensure that each made-to-order solution will extend the useful life and reduce the energy 
dependency of our historical building stock.	

Basic Assessment                         	 Recommended Retrofit                       	

No Deterioration or Rainwater Entry at 
Areas with Severe Moisture

Evidence of Significant Rainwater Entry

Freeze Thaw Deterioration Present at Areas 
with Low Moisture Exposure

Couple Interior Insulation Retrofit or Ventilated Masonry 
Retrofit with measures to reduce moisture exposure

Resolve through measures to reduce moisture exposure 
before considering an Interior Insulation Retrofit.

Either: Retrofit without insulating and plan for continued 
repair/replacement, shield cladding from rain exposure, 
and/or pursue Dynamic Buffer Zone approach 

A general guide of recommended assessment steps for heritage masonry buildings is given below.  
The retrofit approaches referenced in the following Tables are described in the Appendix Case Studies.

Table 1: Basic Assessment for Interior Insulation Masonry Wall Retrofits



Case Study 1: Maintain Existing Assembly
Appendix:

In some cases, it may not be desirable to change the existing wall assembly, 
due to significant and valuable interior heritage finishes.  Traditionally in old 
masonry buildings, the thickness and mass of the wall is used to control heat 
flow and moisture ingress.  The large mass of the masonry is used to absorb 
heat in the warmer periods (direct sun exposure, heat from interior) and slowly 
release it in cooling periods (night, winter).  

The large mass enables the wall to absorb and dissipate small amounts of 
water that is driven from the exterior, creating a hygric buffer.  Take into 
consideration that each layer of masonry will absorb exponentially less 
moisture than the layers in front of it – for example 10% through the first layer, 
10% of 10% through the second layer, etc…. 2   Heat from the interior keeps 
the wall generally warm, gradually drying out moisture within the assembly 
and reducing the risk of condensation and freeze-thaw deterioration.  The 
thickness and mass of old masonry walls make these buildings much more 
forgiving than thin modern envelopes.

The insulating value of a mass wall system is low (R-3 to R-7).  Aside from poor 
thermal performance and its effect on energy consumption, with regular 
maintenance, the wall could function acceptably to control air and moisture 
entry.  

Under this option, interior wall surfaces should be stripped of any existing 
vapor impermeable paints, finishes or vapour barriers.  Traditional plaster 
and lath finishes are a much better air barrier than polyethylene membrane 
air barriers because of its continuity over much of the indoor side of the wall.  
A plaster and lath finish has the structural properties to resist wind pressure 
differences without tearing apart or destroying its joints.  It is much better to 
keep a plaster finished wall and to repair openings or holes.

Ensure proper air sealing at floor and ceiling joints where wood or steel joists 
are embedded within the masonry wall assembly.  While it may be impossible 
to maintain the interior face of the masonry wall at concealed joist-end 
locations, ensuring the exterior of the wall is water and “wind-tight” along with 
proper air barrier seals at floor and ceiling joints will reduce the risk of interior 
humidity escaping into the wall assembly and condensing at the dew point, 
causing rot or rust to the structural floor members.

The mass wall option is most suited to monumental heritage buildings where 
sensitive interior finishes such as plaster, wood millwork and terra cotta are to 
be preserved.  Maintaining appropriate interior humidity control is a primary 
risk factor to these types of heritage finish materials as well as the stability of 
the structural masonry walls.

2 Note the percentage rate of moisture absorption of various masonry materials and assemblies varies 
greatly from one building to the next and must be assessed by hygrothermal and moisture absorption 
analysis on a building by building basis.
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Case Study 1 example: Exterior Restoration / Interior Preservation

Built in 1912, Ottawa’s Beaux Arts Union Train Station is a majestic and 
monumental building protected under the Federal Heritage Act.  It features 
a traditional mass masonry wall assembly with limestone facades, moulded 
plaster ceilings, finely crafted woodwork, marble finishes and cast iron 
detailing.  The grand interior spaces of the Great Waiting Room and 
Concourse together form a processional route through the building. 

This project involved adapting the building as the interim home of The 
Senate of Canada with seismic stabilization of the structure along with the 
repair, cleaning, repointing and sealing of the exterior envelope.  Drafty, 
single glazed heritage windows were rehabilitated and re-caulked along with 
the original storm windows. Taking cues from the classical language of the 
original building, a new and distinctly modern east facade completes the 
building for the first time.

The scale and volume of the restored interior spaces, with the insertion of 
new pavilions, provide accommodation for major committee rooms and a 
new Senate Chamber.  In parts of the building where new exterior walls were 
introduced, insulation was installed to improve thermal performance.  As the 
building was never originally insulated, interventions to improve the energy 
efficiency through interior insulation or introducing humidity through air 
systems were avoided citing concerns over driving up moisture levels in the 
exterior wall assembly that could pose a threat to the stability of the masonry 
walls and sensitive interior heritage finishes. 

The Senate of Canada is a stunning example of a heritage adaptive re-
use and restoration of a monumental public building.  It serves as a prime 
example where allowing our oldest and most important heritage buildings 
to underperform energy wise must be balanced with protecting sensitively 
restored, original heritage features for future generations.

Images courtesy of Diamond Schmitt Architects
Photos courtesy of Doublespace Photography

The Senate of Canada Building 
Formerly Union Train Station, 2 Rideau Street, Ottawa
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Case Study 2: Internal Insulation / Air Barrier Assembly

There are two interior insulation approaches used in North America; 
one is to insulate with closed-cell spray foam and the other is to 
couple fibrous insulation with a smart vapour barrier. 

Closed-cell polyurethane spray foam (ccSPF) insulation is typically 
applied with a 2-pound per cubic foot (pcf) density and is used as the 
major air and vapour barrier for a retrofit wall system.  A 50mm (~2”) 
thickness of ccSPF is needed to meet the common vapour barrier 
definition of less than 1 PERM (57 ng/m2 Pa) and exceed R-10 (1.8 
RSI) center-of-wall insulation value for modern products with HFO 
(HydroflouroOlefins) based blowing agents.  HFC (HydroFlouroCarbon) 
blowing agents with high embodied CO2 emissions are banned in 
Canada as of January 1, 2021.  Design teams use ccSPF because of 
familiarity, relatively high R-value per inch, and ease of achieving air 
tightness.  Although ccSPF insulation provides significant thermal 
improvement and an air barrier assembly, there are concerns over 
off-gassing, poor surface adhesion, and air gaps around studs 
when improperly installed.  The ability of ccSPF to control air flow 
at complicated geometries and small gaps is limited.  Installation 
of ccSPF tend to be non-reversable although there is precedent of 
installations over sheet membranes partly for this purpose.

A 2.5” (64 mm) thickness of mineral wool insulation is needed to 
achieve R-10.  Mineral wool insulation requires a vapour barrier to 
minimize risk of condensation at the interface with the existing 
masonry wall.  Solar heating can also drive moisture from the existing 
masonry wall inward through the mineral wool causing condensation 
on the vapour barrier.  Smart vapour barriers, which effectively are 
open to vapour flow when damp, avoid this condensation and allow 
drying of masonry inward to an extent.  However, the use of mineral 
wool in lieu of ccSPF poses a risk of mould growth at the interface with 
the masonry.  It is not well understood how measures such as smart 
vapour barriers, leaving capillary gaps at the interface, or installation 
of air barriers at the interface affect this risk.  Furthermore, it can 
be difficult to ensure continuity of sheet vapour barriers used as air 
barriers in these assemblies.  On the flip side, insulating with mineral 
wool is reversible and can be removed which is often a requirement for 
retrofits of heritage buildings.
 
Note that both ccSPF and mineral wool insulation performance 
are drastically reduced when installed between steel studs due to 
thermal bridging.  Intersecting walls, beams and floors also present 
challenging thermal bridges.  Flanking of heat around window systems 
can also limited effective thermal performance.  Consideration and 
optimization of these elements are recommended as part of any 
retrofit insulation design.
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Case Study 2: Internal Insulation / Air Barrier Assembly

9

As part of interior insulation retrofits, wood and gypsum based materials 
such as blocking and plasters should be removed prior to insulation in 
walls with significant moisture (rain and rising damp) exposure to avoid 
deterioration.  A number of measures are available to limit decay risk of 
embedded wood beams in similar areas of significant moisture exposure 
including:

•	 wood treatment using borate pencils,
•	 metal plates to act as a capillary break and warm wood surfaces,
•	 installation of separate structural support, and
•	 limiting surrounding insulation in these areas  

Installation of any thickness of interior insulation is going to result in 
colder masonry temperature and typically higher moisture contents.  
The risk of freeze thaw deterioration should be evaluated by qualified 
masonry experts based on field observation and accompanying retrofit 
repair and upgrades to limit moisture exposure.  Material testing, analysis, 
and in some cases monitored mockups over a full year of seasonal 
changes should be conducted to inform selection of acceptable project 
specific retrofit designs as suggested in Table 2. 

Wall assembly with semi-rigid mineral fibre insulation with smart vapour barrier	              

Image courtesy of Dr. Randy Van Straaten
Spray foam insulation at base of wall	              
Image courtesy of Dr. Randy Van Straaten



Case Study 2 example: Exterior Restoration / Interior Renovation

The former Scott Fruit Building in downtown Winnipeg is a 1914-built 
commercial warehouse with a reinforced concrete frame and a triple-
wythe brick facade.  The building is being completely renovated with a 
new expansion to the west.  Part of Red River College’s goals of limiting 
their energy footprint was in making this the most efficient facility on their 
campus with a target energy use intensity (EUI) of 100 kWh/m2.

The design strategy for the heritage warehouse included restoring and 
sealing the envelope with 5” of spray-foam insulation applied directly to the 
interior surface of the exterior brick walls.  Through hygrothermic testing, 
the density of the brick was determined to be capable of withstanding 
the thickness of spray foam insulation in the Winnipeg climate without 
compromising the masonry envelope.   

The original single-glazed wood windows were restored as storm windows 
and fitted with trickle vents.  New triple-glazed windows were installed at 
the interior, creating a buffer to heat loss.

In combination with the restoration of the Scott Fruit Building, the new 
addition will help offset net energy loads of the combined facility with the 
use of building-integrated photovoltaics on the new structure and rooftop 
solar on the heritage warehouse.

The net EUI that this project is estimated to achieve is 109 kWh/m2.  For 
other academic buildings of this scale and use, 180 kWk/m2 is typical.  
Considering this will be a 24-hr facility, the projected EUI is a marked 
improvement.  As with any building retrofit, ongoing operational, 
mechanical and social changes are important factors to consider beyond 
the construction phase.  Target setting and reporting, staff training along 
with tenant engagement and collaboration is key to reaching reduced and 
net-zero energy goals.

Images courtesy of Diamond Schmitt Architects

Base Design EUI:  153 kWh/m
Combined EUI: 103-109 kWh/m         

2

2

Red River College Innovation Center
319 Elgin Street, Winnipeg
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Case Study 3:  Ventilated Mass Masonry Wall Retrofit 

In this approach, a controlled air space is created adjacent to the 
interior surface of the wall, essentially turning the entire mass 
wall into a rain screen.  Air is circulated through the cavity by vent 
holes drilled through the width of the wall to the exterior at specific 
intervals to regulate moisture and humidity within the wall through 
pressure equalization.  This approach has been found in University 
of Toronto studies to add additional drying capacity for multi-
wythe brick walls, reducing saturation rates by 4-10 times thereby 
reducing the risk of long-term deterioration. 

This approach can introduce a risk that drainage will not be 
effective especially at intersecting shear walls and columns where 
the drainage layer cannot be continuous laterally.  If drainage is 
not effective, these strategies could pose a greater risk of water 
infiltration than application of interior ccSPF or an interior sealant. 

Factors that should be considered when designing a ventilated 
mass masonry retrofit include: 

•	 impact to exterior aesthetic of the building with the addition of 
drilled vent holes

•	 placement and spacing of the holes (24 to 36” horizontal 
space is typical of other drained systems) to provide adequate 
ventilation and drainage based on interior cavity compartment 
volume

•	 practicality of drilling the vents from the exterior (drilling from 
the inside will spall the exterior face of the masonry)

•	 determine whether the retrofit wall is solid masonry or 
composed of rubble fill or different materials (such as terra 
cotta tile).  Drilling vents in a hybrid assembly wall will expose it 
to additional moisture

•	 the need to consolidate cavities or deteriorated mortar within 
the wall through micro-injected grout prior to vent drilling.
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Case Study 3 example: Exterior Ventilated Masonry Retrofit 
with Dynamic Buffer Zone 

Using Passive House Principles, this 1880’s Second Empire home 
on the U of T campus was restored and upgraded to achieve deep 
thermal energy demand reductions, all while respecting the integrity 
of the original heritage building.  Work was undertaken in 2013 as 
a collaborative case-study between research leads Professor Kim 
Pressnail (U of T) and Russel Richman (Ryerson University) with ERA 
Architects as the Prime Architects of Record.

The project sought to achieve a high-performance envelope with a low 
intensity mechanical system by thermally isolating the building into 
two zones: a core and a periphery zone.  Core spaces were placed on 
the south side of the house to take advantage of passive solar gains 
during the heating season and included rooms that were expected to 
be in daily use and would therefore be heated on a daily basis in cooler 
months.  The periphery spaces are kept at minimal heat levels, but can 
be warmed on demand.

Fresh air is supplied using two energy recovery ventilators (ERVs), one 
in each zone allowing heat lost from the core to be captured in the 
periphery and pushed back to the core via heat pump.  A radiant floor 
system provides space heating with separate loops servicing the Core 
and Periphery zones.  

Images courtesy of ERA Architects

Gemini House, 31 Sussex
Univerisity of Toronto Downtown Campus 

Pre-Renovation TEDI:     532 ekWh/m
Post-Renovation TEDI:     34 ekWh/m           

2

2
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With a much smaller portion of the house requiring regular heating,  
further reductions were achieved by building two envelopes, one within 
the other.  Each envelope was designed to control heat, moisture and air 
movement.  This approach had the effect of making a very thick exterior 
wall condition, where an interior stud assembly was placed away from 
the brick wall, and a closed-cell SPF insulation (500mm thick in some 
areas) was applied on top of a rain screen drainage mat.  Ventilation 
holes (1” dia) were drilled from the outside near each floor level around 
the entire home.  This permits exterior air to enter the cavity behind 
the insulation ensuring the masonry can continue to disperse absorbed 
moisture effectively.  This approach significantly reduces the risk of 
saturation in the brick from reaching critical levels and causing freeze-
thaw damage.  
  
With a ventilated masonry retrofit and dynamic buffer zones, the Gemini 
house was able to lower its heating energy load consumption by 93% 
compared to base conditions.  The project has been the subject of 
several U of T studies about the ventilated masonry retrofit approach as 
well as extensive pre- and post-construction monitoring used to verify 
outcomes.

Because this method requires drilling through the exterior masonry, it is 
not suited to all masonry buildings, but could prove to be a useful retrofit 
option for certain heritage masonry buildings aiming to achieve deep 
energy and heat load reductions.

Key Stategies:
•	 Interior Closed-Cell Spray Foam Insulation (HFO)
•	 Heritage exterior repaired and restored
•	 Windows rehabilitated as storm windows with 

new interior triple-glazed units installed
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Case Study 4:  Dynamic Buffer Zones / Virtual Air Barrier 

For buildings of very high importance and high risk of decay, 
a “dynamic buffer zone” approach, also known as a virtual air 
barrier, should be considered.  This strategy minimizes heat 
loss from internal rooms while maximizing inward drying of the 
mass masonry wall.  Dynamic buffer zones involve mechanically 
ventilating the interface between the interior of the existing 
masonry wall and the new retrofit wall system with pressurized 
conditioned outdoor air.  The ventilation air has low humidity and 
can draw moisture from the masonry.  

There are three insulation options for walls with dynamic buffer 
zones / virtual air barriers: 

•	 no insulation where a cavity between the masonry wall and 
interior finish wall is pressured with dry heated air 

•	 dry heated air drawn through a gap between the masonry wall 
and interior insulation (shown in illustration at right)

•	 a vapour permeable insulation installed directly against the 
masonry wall and dry air drawn through a cavity between the 
insulation and the interior

For the third scenario, the ventilation air can be heated to 
encourage drying, however, this would involve significant use of 
heating energy unless low moisture, recovered or waste heat can 
be used.

Dynamic buffer zones are not passive.  They involve ongoing 
maintenance and will not be effective if the systems are shut down 
at some point over the life of the building.  Mechanically operated 
dynamic buffer zone approaches can allow for reversibility, 
without the need to fasten materials directly to the masonry wall 
surface.  Such an approach should be reserved for buildings at 
high risk of deterioration and/or very high importance given the 
maintenance and high cost of this approach.  
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Case Study 4 example:  Dynamic Buffer Zones / Virtual Air Barrier 
Viterra Building Headquarters
2625 Victoria Ave, Regina, Saskatchewan

Built in 1913 as a three-storey C.W. Sherwood Co. Department store in downtown 
Regina, the heritage designated structure is attached to a newer 11-storey office 
addition.  Consisting of a cast-in-place concrete structural frame and slabs, a 
major restoration of the exterior masonry walls and terra cotta stone cladding as 
well as a comprehensive interior fit-up was completed on the low-rise portion of 
the building in 2018.

The restoration project fitted a state-of-the-art mechanically pressurized 
dynamic buffer zone (DBZ) virtual air barrier system for the protection of the 
cladding and exterior wall and to improve control of indoor environmental 
conditions.  The system includes a lightly pressurized cavity along the interior 
face of the exterior walls and roof that is slightly above the indoor pressure at all 
times during the late fall, winter and early spring seasons.  When operating, the 
system controls the exterior wall pressure as the indoor levels rise or fall with 
stack effect, wind pressure, mechanical ventilation and barometric pressure.  
This prevents moist indoor air from leaking into the perimeter cavities of the 
exterior wall to cause a buildup of condensation in winter.  

The system must use outdoor air supply (never recirculate untreated indoor 
air) for cavity pressurization as the dewpoint temperature of the outside air is 
almost always below the temperature of any surface within the exterior wall 
components.  The air supply must not contribute additional condensation to 
the exterior wall and must be drier than the air in the building and wall cavities 
of the DBZ.  This system should not be operated during high summer humidity 
conditions as this will cause the wall cavity materials to store moisture and raise 
the overall moisture content of the exterior wall.

The air that is supplied to the virtual air barrier is pumped directly to the exterior 
wall cavities at specified intervals and around the floor perimeter from supply 
ducts on individual floors.  There is no return air in this approach, thus reducing 
assembly costs.  This approach provides effective protection to the building 
facades for an indefinite period of years if operated as prescribed.  Although 
implementation of this mechanical dynamic buffer zone system can increase the 
operating energy of the building over its lifecycle, it is a well-suited approach 
to masonry heritage buildings requiring higher than normal indoor humidity 
conditions. 

Photo credit: Dan Parsons Image credit: Rick Quirouette
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