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1 Foreword

Buildings in Canada and the northern United States face harsh
winters and warm summers, making high-performance insulation
critical. Exterior insulation (applying insulating material to the
outside of concrete walls) offers numerous benefits for low-rise,
mid-rise, and high-rise concrete structures.

In this approach, the smooth concrete forms the interior surface,
and a continuous insulation layer wraps the exterior. This
configuration eliminates interior stud cavity walls for insulation,
resulting in a simpler, more efficient envelope. Below, we explore
how exterior insulation enhances thermal performance, air
tightness, acoustics, interior space and aesthetics, moisture
control, and environmental and economic outcomes, as well as
common materials and potential challenges.

Exterior insulation is applied as a continuous layer over the
structural concrete and covered with a protective facade (stucco,
aluminum panels, cementitious panels, brick, etc.). This “jacket” of
insulation around the building minimizes heat loss and allows the

interior concrete to serve as an interior exposed finish (painted or @
unpainted). *2
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In cold climates, this configuration keeps the heavy concrete wall
at nearly room temperature, so it acts as a thermal battery. Heat
from indoor heating (or sunlight) is absorbed by the interior
concrete and slowly released back, reducing temperature swings.

Heat retention in winter

Because the concrete is fully inside the insulated envelope, it
remains warm and no cold spots (“cold bridges”) penetrate inside.
This not only “eliminates the ability for heat to escape, reducing the
home’s heat loss and improving energy efficiency” (Source), but
also prevents condensation (discussed later).

Studies confirm the advantages: A concrete wall with exterior
insulation performs better than the same wall insulated on the
inside. For example, Oak Ridge National Laboratory modeled more
than 10,000 cases across ten U.S. climates, comparing concrete
or masonry wall assemblies with equal R-values but different
insulation placement. Walls with exterior insulation and interior
concrete consistently used the least energy, while interior-insulated
walls performed worst, including insulation-concrete-insulation
(ICF-type) constructions. Reported savings were roughly 6 to 8
percent for ICFs versus wood framing, and up to 18 percent for
exterior-insulated massive walls in warm-dry locations (Source).

2.2 Cooling in summer

In hot weather, exterior insulation helps keep heat out and interior
spaces cooler. The concrete, shielded by outside insulation, stays
relatively cool and can absorb internal gains (like people and
appliances heat) without a rapid rise in room temperature. This
thermal lag means peak indoor temperatures are lower and
delayed, reducing air-conditioning loads.

Buildings with high interior thermal mass maintain stable
temperatures longer during heat waves or power outages. For
instance, in the “Building 60% more Energy Efficient: Case Study,”
concrete walls with exterior insulation maintain interior
temperatures for much longer than those using wood or steel
frames when the power is off. The interior concrete slows down
heat entering or leaving, acting as a buffer against outside
temperature swings (Source).

Exterior Insulation and Concrete Walls 2

This document has been formatted to be most opitmally read as a PDF on a mobile device. Please

consider the environment before printing.

Temperature ('C)

Temperature ('C)

Building Thermal Resilience During 7-Day Winter Power Outage

Effect of solar heat gain
in south facin

22°C Interior Space Temperature Setpoint

Interior Space Temperature

Com LINW
ComL1E
Com L2SW

—Res LZNW
—Res L2NE
Res L2SE
Res L2sw

Res LINW
Res LINE
Res LISE

Res LISW

butdoor Dry Bulb Temperature
I \rhwb & » & & & & & P &® » & &

3 o o o ¥ < 9 L) kG o o o &

Coldest Average Week in Typical Weather Year for Toronto, ON (CWEC)

Figure 3: Building Resilience from the NiMA Energy Study (Source)

Building Thermal Resilience During 7-Day Summer Power Outage

Effect of opening windows
and “flushing” the building
with cooler air overnight

Outdoor Dry Bulb Temperature

£ 22°C Interior Space Temperature Setpoift
Interior Space Temperature H

——Res L2NW
—Res L2NE
Res L

Res L3NW Com LINW
ComLl E
Com LI1SW
Res L2SW Res L3SW

) o o o o o $ $ $ $ S
& < < & & § < N < & & N o § & N
S o o W & o S & o o S & o & o o

Warmest Average Week in Typical Weather Year for Toronto, ON (CWEC)

Figure 4: Building Resilience from the NiMA Energy Study (Source)



https://buildwithhalo.com/frequently-asked-questions/should-you-insulate-the-inside-or-outside-of-your-foundation-with-foam-board-insulation/#:~:text=,interior%20surface%20of%20the%20concrete
https://web.ornl.gov/sci/buildings/conf-archive/2001%20B8%20papers/080_Kosny.pdf
https://www.kiwinewton.com/resources/#nima
https://www.kiwinewton.com/resources/#nima
https://www.kiwinewton.com/resources/#nima

e

—

Plan. Design. Prefab. Build.

2.3 Energy savings

The combined effect of continuous insulation and interior thermal
mass can significantly cut energy use. Real-world tests comparing
massive insulated concrete walls to typical insulated frame walls
have quantified these savings. In the same case study noted above
(Building 60% more Energy Efficient: Case Study), an insulated
concrete wall system achieved up to 60% annual energy savings
compared to a conventional wood-framed wall insulated to the
same code minimum. A different case study in. Kingston Ontario,
noted up to 61% in energy savings, and an 82.9% reduction of
Greenhouse Gas Intensity (Source).

This improvement is attributed to eliminating thermal bridging and
leveraging the concrete’s heat storage capacity. In essence,
exterior-insulated concrete walls keep more heat inside during
winter and keep heat out in summer, translating to lower heating
and cooling requirements. Given that space heating is roughly 60%
of energy use in buildings in cold regions (Source), boosting
envelope performance yields substantial energy and cost savings
for owners over the long term.

To summarize the thermal benefits of exterior insulation on
concrete walls:

« Continuous Insulation & Reduced Thermal Bridging: A
continuous external layer of insulation means structural
elements are blanketed, greatly reducing heat loss paths.
This increases the effective thermal resistance of the wall
assembly.

o Interior Thermal Mass Utilization: With concrete on the
inside, in direct contact with indoor air, the wall’s thermal
mass can absorb and release heat to stabilize indoor
temperatures (Source). Exterior insulation keeps the
concrete “warm” in winter and “cool in the summer, unlike
interior-insulated walls where the concrete is unused for
thermal storage.

e Improved Winter Heat Retention: Less heat escapes
through the walls, and interior surfaces stay warmer,
improving comfort. The building requires less furnace
output to maintain temperature.

e Reduced Summer Heat Gain: The insulation limits heat
ingress. The interior concrete warms up slowly, helping
keep the interior cooler during the day and shifting cooling
loads to later, cooler periods.
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o Overall Energy Efficiency: Lower heat loss/gain directly
reduces heating fuel and electricity for cooling. Studies
have measured energy savings in excess of 60% for
exterior-insulated mass walls compared to traditional
construction, which over the building’s life significantly cuts
operating costs.

3 Air Tightness and Draft Prevention

A well-insulated wall must also be air-tight to truly perform. Exterior
insulation systems make it easier to achieve a tight building
envelope, especially with concrete construction. ASHRAE 90.1
recognizes cast-in-place and precast concrete can function as the
air and moisture barrier when detailed correctly. The air control
barrier in this assembly is located on the exterior side of the
structure (being provided by the structure itself) and creates a
continuous seal with minimal penetrations.

By contrast, an interior insulated assembly might have multiple
seams and penetrations for wiring, outlets, or partition walls that
can leak air. With exterior insulation, the air control layer provided
by the concrete and then covered by insulation, forms a robust
shield against drafts.

3.1 Reduced infiltration

A continuous exterior air barrier plus insulation greatly cuts down
on unintended air leakage. This means less cold air seeping in
during winter and less conditioned air leaking out, improving
comfort and energy efficiency. In concrete mid and high rise
construction, the concrete walls can meet air barrier requirements
on their own, provided that all joints are grouted and other
penetration have been properly detailed or caulked (Source).

A key advantage of precast concrete walls with exterior insulation
is that openings, sleeves, and penetrations can be cast into the
panel in the factory instead of cored on site. Factory casting
delivers tighter tolerances around frames and services, which
improves sealing and overall airtightness. Door and window frames
can be positioned in the mould so the concrete creates a solid key
around anchors, and in some cases filling the voids in the frame,
reducing shim gaps and providing a stable interior air-barrier
substrate. This approach minimizes leakage paths and simplifies
quality control.

By preventing air leakage, we eliminate the major cause of
moisture condensation in walls (moist air infiltration) and stop cold
drafts. Occupants will notice fewer chilly spots near exterior walls

Exterior Insulation and Concrete Walls 4
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and more uniform temperatures room-to-room. HVAC systems also
perform better since they are not fighting against continuous cold
air infiltration. In summary, exterior-insulated concrete walls can be
detailed into a highly airtight assembly, combining the solidity of
concrete with continuous exterior air barriers. This reduces
convective heat loss and makes the building more comfortable and
energy-efficient.

Modern building codes and standards like Passive House
recognize the value of such airtight construction, and exterior-
insulated concrete can achieve those stringent air tightness levels
with relative ease due to the concrete acting as the air and moisture
barrier.

4 Key Air-tightness Benefits:

« The air barrier can be located on the exterior side of the
wall assembly, making it easier to create an uninterrupted
air seal around the whole building. Air and moisture is
stopped before entering the assembly and kept on the
outside of the structure.

e Concrete walls have few joints (compared to stud walls)
and fewer gaps to seal. When openings (windows, doors)
and wall-to-roof/foundation transitions are properly
detailed with grouting, tapes, and caulking, the result is a
very tight enclosure.

e Reduced drafts: Lower infiltration means the “cold breeze”
effect near walls is eliminated. Interior conditions are less
affected by outside wind or pressure differences. Window
frames and door frames can be wet-set into concrete walls
further reducing any opportunities for drafts in these area.

o Energy savings: A tight envelope prevents heated air from
escaping (in the winter) and cold air from entering. Even
with good insulation, a leaky house can lose a lot of heat;
exterior-insulated concrete construction tackles both
conduction and air leakage.

o Ease of compliance: Meeting or exceeding air leakage
requirements of codes (for example, achieving <2.0 air
changes per hour at 50 Pa for new Canadian homes, or
meeting Passive House <0.6 ACH50) is more
straightforward when the primary air barrier is part of a
continuous system. Builders simply need to ensure all
seams are grouted, rather than trying to patch many small
leaks internally.
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5 Acoustic Benefits

Beyond thermal perks, an exterior-insulated concrete wall offers
notable acoustic advantages. Those who downtown cores and
those near busy roads, train tracks or airports will appreciate that
these walls significantly reduce noise infiltration, creating a quieter
indoor environment.

The combination of heavy concrete and an exterior insulation layer
acts as a formidable sound barrier:

o Mass-absorbing effect: Concrete is a dense material that
inherently blocks a lot of sound. A thick concrete wall by
itself has a high sound transmission class (STC) rating
(often 50+), meaning it stops most airborne noise. With the
concrete on the interior side, it directly shields the
occupants from outside noise (traffic, sirens, etc.).

e Insulation as sound dampener: The exterior insulation
adds a damping layer — in acoustical terms, it creates a
mass-spring-mass system (massive concrete inside,
springy insulation, then exterior cladding as another
mass). Sound waves hitting the wall from outside must first
pass through the insulating layer, which tends to absorb
and dissipate some vibrations. According to one
explanation, ‘the insulating layer dampens sound waves,
which lose energy as they pass through this spring-like
medium, reducing the amplitude... and hence the sound
level” (Source). Materials like mineral wool insulation are
particularly effective at absorbing sound due to their
porous, fibrous structure (Source). Even foam insulations
help by decoupling the exterior surface from the interior
structure, disrupting the direct transmission of sound
vibrations.

o Less flanking and gaps: Because there is no hollow
interior stud cavity in this wall system, there are fewer
paths for sound to sneak through. Traditional walls may
allow noise through vents, electrical outlets, or hollow
spaces; an exposed concrete wall with external insulation
is more monolithic, so airborne sound has to get through a
solid barrier and a blanket of insulation.

In an acoustic test performed by Acoustic Engineering Ltd. on an
office building constructed with exterior wall assemblies with 8
inches of precast concrete and 3 inches of exterior insulation, the
STC rating was 55.

Exterior Insulation and Concrete Walls 6
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51 Real-world impact

The result of these factors is a quieter interior. Residents often
notice a significant drop in traffic noise and other disturbances after
exterior insulation is added to masonry or concrete walls. Even a
reduction of 10 decibels (dB) in noise transmission — easily
attainable with a well-insulated mass wall - “can halve the
perceived volume of sound, turning a raucous street into a distant
hum” (Source).

In measurable terms, an exterior-insulated concrete wall can
achieve high STC ratings, often STC 55 or higher, meaning loud
speech or traffic noise outside would be barely audible inside. This
enhances comfort, privacy, and even health (since chronic noise
can cause stress).

6 Summary of Acoustic Benefits:

o Exterior-insulated concrete walls significantly reduce
external noise infiltration, providing a calmer indoor
environment.

e The concrete’s mass blocks sound, and the insulation
further absorbs and breaks up sound waves (mass +
damping effect) (Source).

« Particularly effective for low-frequency noise (like rumble
of trucks or bass sounds) when using materials like mineral
wool, which can absorb those frequencies better than rigid
surfaces.

e Improves living quality in urban areas - less disturbance
from traffic, construction, or neighbors. This can be a
selling point for condos and apartments, as peace and
quiet are highly valued.

o No interior cavities means fewer weak spots for sound
leaks (no “drum effect” stud walls). Windows and doors
usually become the limiting factor for soundproofing, not
the walls.

In short, the system provides not just warmth but also quiet,
enveloping the occupants in an oasis from outside noise. As one
contractor quipped, exterior insulation gives you “not just warmth,
but also the peace that comes with a quieter home” (Source).
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7 Interior Benefits: Thermal Mass, Space, and
Aesthetics

Using exterior insulation on a concrete building fundamentally
changes the interior experience and design, often for the better.

With the smooth structural concrete left exposed on the inside,
owners and designers can take advantage of several interior
benefits:

7.1 Thermal mass utilization

As mentioned earlier, having the concrete on the interior side
means it interacts directly with indoor air. This maximizes the
thermal mass effect — the concrete moderates indoor temperature
fluctuations by absorbing heat when the room is warm and
releasing it when the room cools.

It can soak up daytime solar gains or excess heat, preventing the
space from overheating, and then radiate that heat back at night
when it's cooler. This contributes to a more stable indoor climate
and can improve comfort. In essence, the building’s structure
doubles as a thermal regulator. (By contrast, if the concrete were
covered by insulation on the inside, its thermal mass would be
isolated from the room and underutilized).

Figure 8: Passive Concept for Buildings

7.2 Space savings

Eliminating the need for interior framed cavity walls (with batt
insulation) saves significant floor area. The electrical requirements
on these walls are embedded directly into the concrete.

Especially in low- or mid-rise residential construction, a typical
insulated stud wall might be 4-6 inches thick. By moving insulation
outside, that space is reclaimed inside each room. Over an entire
building, this can add up to many usable square feet, effectively
increasing the interior square footage without expanding the
building’s footprint.

For developers, more sellable/leasable area is a direct financial
benefit, and for occupants, rooms can be a bit more spacious.

Exterior Insulation and Concrete Walls 8
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7.3  Aesthetic appeal of exposed concrete

Modern design trends often celebrate exposed concrete interiors
for their minimalist, industrial-chic look.

By keeping the concrete structure uncovered on the inside, one can
achieve this aesthetic without concern for comfort (since the
insulation is taking care of warmth on the outside).

The result can be striking loft-style apartments or offices with raw
concrete walls or ceilings, giving character to the space. Aside from
style, the interior concrete is durable - it resists wear, impact, and
moisture better than drywall. This is great for high-traffic spaces
like offices, student residences, hotels, and rental apartments.

It also provides a noncombustible interior surface, since concrete el | ; e a1

does not burn (The exterior is also noncombustible when using Figure 9: A Prefabricated Exterior Wall Showing Internal Concrete and Exterior
mineral and a noncombustible cladding). Many contemporary Insulation

condos feature sealed or polished concrete ceilings and walls as

part of the design; exterior insulation enables this without

sacrificing energy performance.

7.4 Reduced interior finishing and maintenance

Without interior stud walls, there’s no need for drywall (gypsum
board), vapor barrier poly sheets, or painted finishes on those
surfaces. This can reduce the initial construction cost and ongoing
maintenance (no cracking drywall seams, no repainting of walls,
etc.). The concrete might just be left natural, or painted (if desired).

Overall, the material and labor savings from eliminating a full inner
wall assembly can be considerable. One less wall layer also means
faster construction.

7.5 No risk of interior moisture trapping

Interior insulation systems, if poorly detailed, can sometimes trap
moisture or foster mold in wall cavities (for instance, if moist air gets
behind interior vapor barriers). With no cavity and no fiberglass
batts inside, those moisture failure modes are largely eliminated.
The concrete being exposed inside can dry inward if needed, and
there are no hidden voids for mold to grow — any issue would be
visible to address. This gives a robust simplicity to the wall system.

In summary, interior benefits range from practical (more space and
lower finish costs) to experiential (unique aesthetics and improved
comfort). The concrete serves multiple roles - structure,
architectural finish, electrical, thermal mass — demonstrating an
efficient use of materials. As a bonus, the interior environment can
feel more solid and quiet (as discussed) which many occupants
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appreciate. For architects and developers, the ability to tout loft-like
interiors with energy-efficient performance can be a market
differentiator for condos or office spaces.

8 Moisture Control and Durability

A critical aspect of any wall assembly in cold climates is moisture
management, preventing water intrusion and avoiding
condensation that could lead to mold or material damage. Exterior-
insulated concrete walls, when properly detailed, excel in moisture
control by keeping the concrete warm and providing clear pathways
for moisture to drain or dry.

“If it can’t dry, it's gonna die” is a common statement from Matt
Risinger, a prominent voice in high performance building practices
and founder of the Build Show Network.

(https://buildshownetwork.com/go/mattrisinger)

8.1  Preventing condensation

In winter, warm indoor air contains moisture that can condense on
cold surfaces. If concrete walls were poorly insulated or insulated
only on the inside, the concrete itself could get very cold and attract
condensation from indoor air (similar to how an inadequately
insulated basement wall might sweat). Exterior insulation avoids
this by maintaining the concrete wall at or near indoor
temperatures. In cold climates, “an exterior insulation layer keeps
the concrete wall at the same temperature as the warm, moist
interior air’, thus preventing condensation on the concrete
surface (Source).

The dew point (where air moisture would condense) is pushed
outward into the insulation layer, which is designed to handle it. Any
condensation that does occur will typically happen within the outer
parts of the wall where it can do no harm. For instance, in a
permeable insulation or on the back of an exterior cladding — and
can then evaporate as conditions change. The key is that the
interior side remains warm and dry, protecting indoor air quality and
finishes.

8.2 Exterior moisture barrier

Along with insulation, exterior wall systems typically incorporate a
water-resistive barrier (WRB) or other rain control layer on the
outside. With concrete construction, the wall itself can serve as the
water control layer. In practice, a typical assembly might be:
concrete wall, then insulation boards, then an outer cladding or
render that serves as the first line of defense against rain. Any rain
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that penetrates the outer finish is stopped by the concrete wall itself
and directed out through weep holes or a drainage plane.

Exterior insulation can actually enhance this by acting as a capillary
break and drainage layer in some cases. For example, rigid foam
insulation itself can be fairly water-resistant and protect the wall,
and mineral wool insulation, while water-permeable, can be used
in a ventilated rainscreen that allows water to drain and dry out.
Exterior foundation insulation (analogous to above-grade walls)
“serves as a capillary break to moisture intrusion” and protects the
concrete from groundwater and freeze-thaw effects (Source).

Similarly, above grade, the insulation and its protective layers
shield the concrete structure from direct wetting and rapid
temperature changes. “Both conventional and insulated panels
provide better resistance to rain penetration and air leakage
if designed as perfect barrier” according to Building Science
Corporation (Source), where a “perfect barrier” is an assembly that
stops all water penetration at a single plane.

8.3  Proper detailing

The phrase “properly detailed” is crucial. Transitions and
penetrations (at windows, where the wall meets the roof, at
fasteners, etc.) must be carefully sealed. If done correctly, the
exterior-insulated wall becomes a very robust system against water
and air leakage. Guidelines for high-performance building
envelopes emphasize continuous control layers: “maintain air
barrier continuity, water barrier continuity, thermal continuity...and
adequate drainage” (Source).

Exterior insulation makes it easier to keep the thermal layer
continuous, and it pairs naturally with a continuous exterior
air/water barrier. All seams in the insulation can be taped, and
flashings installed, to ensure any rain that gets past cladding will
safely exit. By keeping the concrete warm, even if some moisture
does reach it, it is less likely to condense or freeze within the
concrete (freezing and expanding water can crack concrete). Thus,
the structural wall is both kept dry and kept in a mild temperature
range, greatly prolonging its life.

8.4 Drying and vapor control

In cold climates, the direction of vapor drive is mostly outward
(warm moist air inside trying to go out). With exterior insulation, the
concrete wall is warm and can allow moisture to diffuse outward
without harm, as long as the outer layers are chosen to manage it.
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The insulation layer can be vapor-open (mineral wool is highly
vapor-permeable), enabling drying to the outside, or if it's relatively
closed-cell (like XPS foam), the assembly is essentially a “vapor
barrier outside” approach — in that case the concrete will not dry
outward easily, but since it's warm and interior moisture shouldn’t
reach it, this is fine. For added safety, one can allow the concrete
to dry to the interior by not using any impermeable finishes
internally (exposed concrete is good for that).

In either strategy, the goal is no trapped moisture: any water is
either drained outwards or can diffuse and evaporate.

8.5 Protection against freeze-thaw and corrosion

By keeping the concrete wall within the insulated envelope, we
protect it from extreme cold. That means less risk of freeze-thaw
damage to the concrete itself and to any embedded steel
reinforcement. For instance, an exterior insulated foundation
doesn’t experience the same freezing cycles as an exposed one
(Source).

Above grade, while the wall surface might still get cold, it’s usually
closer to indoor temperature and not subject to repeated freezing
when wet. Also, the insulation prevents rainwater from directly
soaking the concrete (since the rain is mostly hitting the cladding).
All this extends the life of the structure — the concrete stays dry and
stable, steel rebar inside is less likely to corrode (corrosion is
accelerated by moisture and temperature fluctuations), and the
chance of spalling or surface damage over time is reduced.

In sum, a properly executed exterior insulation system creates a
moisture-resilient wall: warm and dry on the inside, with controlled
drainage and drying paths for any water that does get in. This
translates to durability — the building envelope will last longer with
fewer problems. It's one reason experts say continuous exterior
insulation “contribute[s] to protect the structure, making it more
durable” (Source).

Concrete structures are long-lasting to begin with; wrapping them
in a well-detailed insulated blanket keeps them in great condition
for centuries, with lower likelihood of mold, rot (for any embedded
materials), or water damage. Owners benefit from fewer
maintenance issues and repairs related to the envelope.
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9 Environmental and Economic Impact

Implementing exterior insulation on concrete buildings has positive
impacts both environmentally and economically, especially over
the building’s lifecycle.

9.1 Energy and greenhouse gas reductions

By cutting heating and cooling energy needs, exterior-insulated
buildings directly lower the building’s carbon footprint. In northern
climates, heating is often provided by fossil fuels (natural gas, fuel
oil) or electricity from a mixed grid. Every unit of heat saved means
fewer greenhouse gas (GHG) emissions. Over the lifespan of a
high-rise condo or commercial building, this adds up to a significant
emissions reduction. As noted, space heating dominates energy
use in cold regions (~60% in Canada: Source), so improvements
there have a large effect. Two case studies, shown in Figure 10
and Figure 11 show examples of concrete buildings with exterior
insulation.

A building that is well-insulated externally will also be better
positioned for future energy codes that are trending toward net-
zero performance. Many jurisdictions in Canada and the U.S. are
pushing for buildings that use dramatically less energy. Exterior
insulation is a key strategy to achieve these targets. Additionally, in
summer, reducing air-conditioning demand helps ease peak
electricity loads (which can be environmentally beneficial if it avoids
firing up additional power plants on hot days). Figure 12 shows an
example of the Energy Use intensity breakdown over a typical year
of a concrete building which uses exterior insulation.

9.2 Operational cost savings

The flip side of energy savings is lower utility bills. Owners of a well-
insulated concrete home or condo unit will pay less to heat and cool
it. For example, if exterior insulation reduces heating energy by 30-
50%, the winter gas bill will reflect that drop. Over years, this can
save thousands of dollars. In high-rise apartments or
condominiums, lower heating/cooling costs can translate to more
affordable condo fees or operating costs, and make the building
more attractive to buyers and tenants (While also decreasing the
amount of COz this building will emit). Even commercial developers
see value: the building’s efficiency can earn incentives, higher
energy ratings, or simply lower operating costs that improve the net
operating income (NOI). In real estate development, projects are
valued on NOI divided by a “cap rate” (usually somewhere between
4%-5%). Therefore, every dollar saved on operating costs is 20
dollars in value (Decreasing operating costs increases NOI.
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Building value is usually calculated as NOI / Cap_Rate. If the cap
rate is 5%, then saving 1 dollar equates to 1/0.05=20 dollars in
value). Some studies have shown payback periods well within the
building’s life, after which the energy savings are pure benefit.

9.3 Alignment with green building standards

Exterior-insulated concrete construction can help earn LEED
certification points and meet other green building criteria. Under
LEED (Leadership in Energy and Environmental Design), for
instance, optimizing energy performance is a major credit category
— a highly insulated, airtight envelope will score well in energy
modeling, contributing to LEED Silver, Gold, or Platinum levels.

The thermal mass effect can also improve the LEED scores for
thermal comfort and passive survivability. Additionally, using
materials like mineral wool (which often has recycled content, and
is long-lasting) can contribute to materials and resources credits.
The simplicity of the wall (using the structure as finish) means fewer
finishing materials, potentially reducing material use overall
(aligning with sustainability goals). Programs like Passive House,
Net Zero Energy, and Canada’s Tiered Energy Step Codes also
emphasize continuous insulation and thermal-bridge-free design —
precisely what exterior insulated concrete provides. By building this
way, developers future-proof their projects against tightening codes
and demonstrate corporate social responsibility through lower-
carbon buildings.

9.4 Access to Financing

Several financing programs, such as CMHC (Source) may offer
advantageous financing for buildings that reduce energy
consumption. Exterior insulation is a very cost-effective way to
meet the energy efficiency targets listed by these programs. For
example, The Sterling, a 149 unit apartment building in Kingston
has scored significant points on the CMHC ACLP program using
precast concrete with insulation on the exterior (Source).

9.5 Durability and lifecycle benefits

A building that lasts longer and has fewer failures is
environmentally friendly because it avoids the need for premature
renovation (which consumes resources and produces waste).

As discussed in moisture control, exterior insulation makes the wall
assembly more durable. There is less chance of needing to replace
insulation or fix water damage inside walls. The concrete structure,
protected from the elements, can easily outlive design
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expectations. Over 100+ years, that durability means less material
waste and lower repair costs — an economic win.

Furthermore, if exterior cladding or insulation ever does need
refurbishment (for example, replacing the outer finish after many
years), it can often be done without disrupting the interior at all,
since the structure and interior finish are intact inside. This can
minimize downtime and costs for retrofits.

9.6 Resilience

With better insulation and thermal mass, buildings remain habitable
longer during extreme weather or power outages — this is an often
overlooked benefit that has economic and safety implications. For
instance, a well-insulated high-rise will stay above freezing inside
for days during a winter power outage, protecting plumbing and
allowing residents to shelter in place, whereas a poorly insulated
one might become unlivable within hours. This resiliency is shown
in the graph in Figure 3 and Figure 4 and , depicting a 7-day power
outage and the effects on temperature in a building with exterior
insulation and concrete construction.

Cities and owners are increasingly valuing this resilience (some
building standards now include passive survivability criteria). It also
means backup heating/cooling systems can be smaller or used
less frequently.

9.7 Greenhouse gas (GHG) emissions

On a broader scale, widespread adoption of exterior-insulated
concrete construction can help cities and countries meet their
climate targets. Figure 7, Figure 10, and Figure 11 show GHG
comparisons for buildings constructed with concrete on the inside
and exterior insulation, compared to a regular “building code”
building.

Buildings are a major source of GHG emissions (due to heating fuel
use), so improving envelope performance is one of the most
straightforward ways to cut those emissions. The operational
carbon saved usually far outweighs any embodied carbon “cost” of
the extra insulation materials over the building’s life. Combining the
envelope performance with renewable energy such as solar
panels, can drastically help reduce the GHG impact of buildings.

In fact, many LCA (life-cycle assessment) studies show that
investing in more insulation has a net positive impact on carbon
footprint unless the grid is already 100% renewable.
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Additionally, certain insulation choices (like mineral wool made
from natural rock or recycled slag, or EPS which is relatively low in
manufacturing emissions) can keep embodied impacts modest.

9.8 Economic incentives and values

There are often incentives (rebates, tax credits) for energy-efficient
building envelopes offered by governments or utilities.

Exterior insulation can help meet the required performance
thresholds to qualify. In the real estate market, an energy-efficient
building can command higher value or rent. Condo buyers may be
willing to pay a premium knowing their unit will have lower monthly
utility costs and a smaller environmental footprint. Moreover,
reduced HVAC sizing (because of better insulation) can save on
mechanical system costs — for example, smaller boilers or chillers,
smaller ducts, etc., which can offset some insulation cost.
Maintenance expenses for heating/cooling equipment may also
drop if they run less intensely. As mentioned above, every dollar
saved on operational costs is roughly a 20-25 addition to the overall
project value.

In summary, exterior insulation leads to lower energy consumption
and emissions year after year, contributing to greener cities and
helping meet standards like LEED. Economically, it pays back
through energy savings, potential incentives, increased stabilized
values, and increased building longevity and desirability. It's a
classic example of simple design choices made upfront for a high-
performance envelope that reaps dividends in the long run - a
durable investment into operational savings and sustainability.

10 Common Exterior Insulation Materials and
Properties

Several insulation materials are suitable for use as exterior
continuous insulation on concrete or masonry walls.

They differ in thermal performance, moisture resistance, fire safety,
and cost. Below we outline the most common types — mineral wool,
EPS, XPS - as well as some newer or high-performance materials,
noting their key properties:

Material Thermal (Approx. R-value perinch) | Moisture & Vapor

Fire & Safety

Notes

stone wool boards
consistent across temperatures.

(Source).

Mineral Wool (Rock Wool)Rigid | ~R-4 per inch (0.70 m*K/W per 25 | Vapor permeable (facilitates drying).
mm). Slightly lower R than foam, but | Water-resistant but not a true vapor
barrier. Boards are often coated to
repel water; absorption is low

Non-combustible — will not burn, can
withstand >1000°C (Source). Acts as
a fire barrier, often used as fire stops
in facades. No toxic smoke.

Dense,  sound-absorptive  (great
acoustic insulator) (Source). Good
compressive strength for cladding
attachment. Common in high-rises due
to fire code. Made from basalt/mineral
fibers (often recycled content).

Expanded Polystyrene | ~R-3.6 to 4 per inch (0.63-0.70 | Semi-permeable  (perm

(white beads)

(EPS)<br>Lightweight foam boards | m*K/W). Graphite-infused EPS | depends on thickness; thicker EPS is
(GPS) can reach ~R-5/in(Source). | less permeable). Can absorb some
moisture over time if exposed, but

Combustible — will melt/burn; typically
treated with flame retardants (e.g. EPS
has afire retardant additive but can still
ignite). Must be covered by a fire-

Very lightweight and easy to
cut/handle. Cost-effective ($). Used in
EIFS (Exterior Insulation and Finish
Systems) where it's coated with
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Performance slightly lowers in very
cold conditions, but generally stable.

typically coated or used in systems like
EIFS with a finish coat. Not a vapor
barrier unless very thick. Dries slowly
if wetted.

resistant finish in building applications
(e.g. stucco, gypsum, or masonry
veneer) per code (Source). Not
allowed exposed in most commercial
buildings.

fiberglass mesh and stucco. Also used
in Cl panels and prefabricated
insulation systems. Lower
compressive strength — not for load-
bearing, but fine as insulation layer.

Extruded Polystyrene (XPS)Rigid
foam boards (blue, green, etc.)

~R-5 per inch (0.88 m2K/W) initially.
Retains higher R in cold than EPS
(doesn’t drop as much), but over many
years can lose some R as insulating
gases escape.

Low vapor permeability (more of a
vapor retarder). XPS is a closed-cell
foam —it's highly water-resistant (often
used below grade). Absorbs very little
moisture. If joints are sealed, it can act
as a near vapor barrier on the exterior.
Need to be cautious in very cold
climates to avoid trapping moisture
inside (usually managed with proper
interior finishes or ventilation).

Combustible, similar considerations
as EPS - needs fire protection, and
use is restricted in noncombustible
construction unless as part of tested
assemblies. It will also off-gas smoke
when burning. Fire code often requires
thermal barrier (like 15-minute fire-
rated sheathing) over interior of foam;
externally, cladding or masonry
typically suffices.

Stronger and more rigid than EPS
(higher compressive strength), so it
can better handle loads or usage
where it might be slightly loaded. More
expensive than EPS. Common for
underslab and foundation insulation;
also used above grade in some
continuous insulation  applications
(often hidden behind claddings).

Polyisocyanurate (Polyiso)Closed-
cell foam boards (usually foil-faced)

~R-6 per inch (1.05 m*K/W) in
moderate temperatures. However, in
cold climates polyiso's effective R
drops (at-10°C, it might perform closer
to R-4.5/inch). Still one of the highest
R per inch at room temp.

Typically comes foil-faced which
makes it a vapor barrier when seams
are taped. Very low moisture
absorption. If the foil facer is intact,
essentially no vapor passes; if un-
faced polyiso (less common) is semi-
permeable. Needs to be kept dry (it will
absorb a bit of water at cut edges,
reducing performance).

Combustible, with charring. The foil
facers are not fireproof by themselves.
Polyiso is used in many commercial
roofs and some wall panels; it must
meet fire code via coverings or by
passing specific fire tests. It's usually
allowed in noncombustible
construction as part of a tested
assembly (e.g., behind gypsum orin a
sandwich panel).

Highest insulative performance among
mainstream  board insulations at
moderate temps. Often used when
trying to achieve high R in limited
space (e.g., exterior retrofit where
thickness must be minimized). The foil
facing can double as a radiant barrier
and air barrier if taped, but also means
the wall can't dry through it - requires
careful moisture design.

As shown, mineral wool, EPS, and XPS are the workhorses of
exterior insulation systems. Mineral wool is often favored in mid- to
high-rise construction in Canada because of its non-combustibility
and vapor openness — it can “effectively prevent flame spread in
case of fire” (Source) and also let the wall dry, all while providing
insulation and sound absorption.

Foam plastics (EPS, XPS, Polyiso) are very popular as well,
especially in low-rise and residential projects, due to their high R-
values and lightweight, easy installation. They must be used with
attention to fire codes (usually requiring a protective cladding or
thermal barrier). For example, EIFS systems using EPS have a
textured acrylic finish that protects the foam and must be installed
to specific fire-tested standards for taller buildings.

In noncombustible (concrete/steel) buildings over a certain height,
building codes often mandate either using noncombustible
insulation (mineral wool) or ensuring the entire wall assembly
passes fire spread tests (such as NFPA 285 in the U.S.) if using
foam.

This means architects might choose mineral wool boards on a 20-
story condo, whereas EPS might be perfectly fine on a 3-story
concrete apartment with a stucco exterior, as long as it's detailed

properly.

Insulation thickness will vary by climate and code: in warmer parts
of the northern US, 2—4 inches (5-10 cm) of exterior insulation
might be used; in Ottawa or Winnipeg, 4-6 inches (10-15 c¢m)
might be more common for high performance. The materials can
be layered (e.g., two layers of 3" mineral wool boards staggered to

6/ o % I e o AN A

Figure 13: Exterior Precast Wall with Exterior Mineral Wool Insulation (Source)
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avoid seams). All these materials can be attached to concrete walls
via adhesives and/or thermally broken mechanical fasteners
(insulation anchors or screws with washers), and then they typically
receive a cladding.

The choice of material balances thermal needs, moisture strategy, —_—
fire safety, and cost. Importantly, newer products and composites =
are continually being developed — for instance, graphite-enhanced :
EPS (GPS) improves on regular EPS’s R-value and is being
adopted in projects aiming for higher performance without
switching to expensive foam types.

Meanwhile, traditional materials like mineral wool have seen
improved manufacturing, resulting in boards (like Rockwool

Comfortboard®©) that are easier to handle and integrate. - N\ e = , .
. . . T Figure 14: Precast Concrete Panel with Exterior Mineral Wool Insulation and
In practice, architects may even combine materials: using a layer Thermally Broken Furring Strips for Cladding (Source)

of XPS against the concrete for a vapor barrier and high R, then a
layer of mineral wool outside it for fire protection and sound
absorption (this kind of hybrid assembly can tune the wall to
specific needs).

There is a rich toolkit of materials for exterior insulation. The best
choice depends on the specific project priorities (e.g., a passive
solar house might prioritize high R/inch to achieve R-40 walls,
whereas a high-rise office might prioritize non-combustibility and
moisture control, leaning to mineral wool).

11 Challenges and Limitations

While exterior insulation for concrete buildings has many benefits,
it also comes with challenges and practical considerations. It's
important to be aware of these potential limitations and plan
mitigation strategies to ensure a successful, long-lasting
installation:

11.1 Exposure and physical damage

Placing insulation outside means it will be exposed to construction
activity, weather, and wear. Materials like foam board can be
dented or chipped if left uncovered, and even rigid mineral wool
could erode or get waterlogged if directly exposed to the elements.
In use, exterior insulation could be vulnerable to impact (hail,
debris, vandalism) or UV light (which degrades many foams).

Mitigation: Exterior insulation is almost always covered by a
protective layer or cladding. Options include stucco renders (as in
EIFS), metal panels, fiber-cement boards, brick or stone veneers,
or even weather-resistant coatings. For instance, when insulation
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extends down to grade on a foundation, builders often protect it
with a fiberglass-reinforced cement board or a coating to prevent
damage at ground level.

Using mesh and base coat (in EIFS) or installing cladding
immediately after insulation can shield it. Additionally, install corner
guards or base trims in high-traffic areas to protect edges of the
insulation system. Regular inspections can catch any damage early
so repairs can be made to the finish before water or air can
infiltrate.

11.2 Fire safety considerations

One of the biggest concerns, especially in mid- and high-rise
buildings, is the combustibility of insulation. Foam plastics can fuel
a fire and cause flame spread on the facade if not properly
addressed. There have been high-profile fires (in non-Canadian
contexts) where combustible exterior claddings and insulation
contributed to rapid fire spread. Building codes thus impose strict
rules. In many jurisdictions, for buildings above a certain height or
of certain occupancy, exterior wall assemblies containing
combustible insulation must pass full-scale fire tests (like Canada’s
CAN/ULC-S134 or the U.S. NFPA 285) to be permitted.

Mitigation: Use noncombustible insulation (mineral wool)
whenever required or as a default for tall buildings — it “doesn’t
burn”and can even act as a fire stop (Source). If using foam, design
a tested assembly: incorporate fire-resistive barriers such as
exterior gypsum sheathing, intumescent (fire-resistant) coatings, or
horizontal fire breaks (some designs use strips of mineral wool
within foam systems at each floor to block fire). Ensure claddings
are also fire-safe. Many EIFS manufacturers have tested systems
that include specific thicknesses of foam, base coat, mesh, etc., to
meet fire standards. It's critical to follow those specifications.
Another  strategy is setbacks and vertical/horizontal
compartmentalization on the facade, so if one area ignites, it
doesn’t leapfrog easily. Fortunately, the concrete structure itself is
noncombustible, which helps.

In summary, with careful system choice and possibly input from fire
protection engineers, the risk can be managed. Using mineral wool
exterior insulation essentially eliminates the facade fire concern, at
some trade-off in cost and R-value per inch.
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11.3 Cost and complexity

Exterior insulation can be more expensive upfront than traditional
interior batt insulation. It adds steps to the construction process -
attaching boards, installing anchors or furring strips, and adding
cladding. Also, not all contractors are familiar with exterior
insulation techniques, so labor pricing might be higher or details
might be improperly executed if the crew is on a learning curve
(Source).

& N

Mitigation: Prefabrication can significantly help lower overall Figure 15: A Office Using Exterior Insulation in Welland Ontario
construction costs. Some builders use prefabricated wall panels

that come with insulation and cladding pre-installed, speeding up

on-site work (Source). These building systems and methods use

advanced manufacturing processes which increase construction

productivity and can reduce the overall project cost. In some cases,

these prefabricated construction methods result in less cost

compared to traditional insulation methods.

It's important to plan the details early. For new construction,
integrate the exterior insulation in design. Use BIM modeling to see
how it affects all interfaces, choose window systems that account
for insulation (or plan for window installation in plane with insulation
to avoid deep recesses), etc.

11.4 Structural and cladding attachment challenges

Attaching heavy cladding (like brick veneer or large panels) over a
thick layer of soft insulation requires engineering. For example,
brick veneer needs shelf angles or ties back to the structure; if
there’s 4” of insulation, those ties either have to span it or one must
use a system of stand-offs to keep the insulation continuous.
Similarly, windows and balconies present breaks in the insulation.
If not addressed, a balcony slab that penetrates the insulation can
act like a thermal highway severely reducing performance at that
spot.

Mitigation: Use thermally broken connectors and smart design
detailing. For instance, structural thermal breaks (like insulation
inserts or specialty products such as Schick Isokorb®©) can be
installed at balcony slabs to cut heat flow while maintaining
structural capacity. Or you can provide external column support for
balconies instead of cantilevering the concrete floor. For cladding,
one can use thermally optimized fasteners — e.g., fiberglass or
plastic clips that have much lower thermal conductivity than raw
steel. An example is the “stand-off” shelf angle technique: instead
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of running a steel angle continuously at each floor for brick
support (which would bypass the insulation), use intermittent
brackets every few feet that protrude through the insulation; this
way, insulation runs uninterrupted between brackets (Source)
(Source). Those brackets can be made of low-conductivity
materials or spaced out to minimize heat loss.

Another approach for lighter cladding is to install vertical furring
(strips) on top of the insulation anchored to the concrete, and

mount siding/panels on those as seen in Figure 16. If the r:

fasteners are properly spaced the overall thermal impact is small.
Many proprietary systems now exist for cladding over exterior
insulation, and engineers have guidelines to size fasteners

without compromising insulation much. The key is planning forit:
one should avoid ad-hoc solutions on site that could create big |

thermal bridges (like a last-minute decision to bolt a big object
through the wall). By using the right accessories and keeping
penetrations to a minimum, the continuous insulation layer can
remain effective even with necessary attachments.

11.5 Aesthetic constraints

Changing the exterior wall build-up can affect the building’s |

appearance. For one, adding insulation externally increases wall
thickness, which can alter the proportions of window recesses
and facade details. Some designers worry that thick external
insulation could make windows look like deep tunnels, or that it
limits the use of certain facade materials. This does not have to
be the case as seen in Figure 17, showing an office building
constructed using concrete and exterior insulation. The windows
can be placed closer to the insulation layer to prevent the “deep
well” effect. If a bare concrete exterior finish was desired
(exposed architectural concrete facade), exterior insulation
precludes that look, however you can work with a sandwich type
of construction.

Mitigation: There are many creative ways to achieve a desirable
aesthetic with exterior insulation.

e Finishes: Modern EIFS can mimic stone, brick, or any
texture/color, so you have flexibility in appearance.
Alternatively, rain-screen claddings come in countless
options (metal panels, terracotta, high-pressure laminates,
wood siding, etc.). With thoughtful design, one can
incorporate reveals, cornices, or details in the outer finish
to give depth and interest, dispelling the notion that an
externally insulated building must look flat or “boxy.”
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Figure 16: A Precast Exterior Wall with Exterior Insulation and Furring Strips for
Cladding
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Figure 17: An Office Built with Exterior Insulation and Interior Concrete Showing Full
Cladding and Windows
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e Windows: Deeper window reveals can actually be turned
into an architectural feature (e.g., using sloped returns, or
shadow boxes). Or one can choose to align the window
closer to the outer face by using “outboard mounted
windows” where the window is installed in the insulation
layer — this increasingly common in high-performance
buildings.

o Joint details: If thick walls are an issue, designers might
consider using higher-R insulation to reduce thickness, or
incorporate exterior insulation only where necessary and
use other means elsewhere (though continuous is ideal).
It's also possible to incorporate the insulation layer as part
of the facade’s visual expression — for example, using
external insulation with a sculpted stucco finish to create
patterns.

In retrofits of older buildings, adding external insulation will change
how cornices or trim align; often these are addressed by extending
or recreating those trims in the new outer plane. Early collaboration
between the architect and the envelope consultant/engineer is
essential to ensure the performance upgrade doesn’t compromise
the intended look. Generally, the industry has accepted the thicker
wall cross-section as a norm for energy efficiency — building
aesthetics have adapted (with window trim extensions, etc.), and
most buyers/observers won't even notice a difference if it's well-
integrated.

11.6 Contractor expertise and quality control

If the crew installing the system is not skilled in exterior insulation
or if supervision is lax, issues can arise — such as gaps between
boards, poorly sealed joints, or incorrect flashing that lets water
behind the insulation. Unlike interior insulation which is simpler to
fit (batts in a cavity), exterior insulation is a multi-step process that
requires attention to detail on the outside of a building, often at
heights (scaffolding, lifts needed).

Mitigation: Work with experienced contractors or specialists for
the facade work. Or find prefabricated options from respectable
companies who have been in the construction industry for many
years (Source). Prefabricated options typically go through many
interactions prior to becoming a standard detail. This robust
research and development far surpasses the typical prototype-style
of traditional construction. Many jurisdictions have certified EIFS
installers and facade engineers. Clear specifications and training
are important — manufacturers of insulation and cladding systems
often provide training to crews for their systems. By treating the
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Figure 18: An Office with External Insulation and Various Cladding Methods
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Figure 19: An Office with External Insulation and Various Cladding Methods
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exterior insulation as a critical system (just like roofing, which gets
special attention), one can avoid many common pitfalls.

In conclusion, the challenges of exterior insulating a concrete
building are manageable with thoughtful design and execution.
Upfront cost and complexity can be managed by considering the
system early in the project and taking advantage of emerging
technologies (like better fastener systems or prefab solutions). Fire
concerns drive material choices and detailing but are addressed by
using appropriate noncombustible components or tested
assemblies. Durability issues like impact or moisture can be
mitigated with the right protective layers and maintenance. And
while aesthetics might need adaptation, they are by no means
limited — a wide variety of attractive, even innovative, designs are
possible with exterior-insulated envelopes (one can achieve both
‘modern minimalist” or traditional styles with equal ease, given the
range of claddings).

It's worth noting that many of these “challenges” are simply the
trade-offs of creating a high-performance wall. When compared to
the alternative (interior insulation on concrete), exterior insulation
demands more care externally but solves many issues (thermal
bridging, interior space loss, condensation risk) at one go. For
architects, developers, and homeowners in cold climates,
understanding these considerations is key to making informed
decisions.

Done right, exterior insulation on concrete buildings yields
structures that are energy-efficient, comfortable, quiet, and
durable, aligning with both occupant needs and broader climate
goals. The growing adoption of this approach in Canada and
northern U.S. projects, from super-insulated homes to multi-story
Passive House apartment towers, underscores its viability and
benefits. As building science experts often remind us, “buildings
last because they manage moisture and heat well.” Exterior-
insulated concrete does exactly that, making it a compelling
solution for the future of resilient, sustainable building design.
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