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Learning Objectives:

After reading this article, you will be able to: 

• Identify the characteristics of open cell spray
foam that make it suitable for high perfor-
mance roof / attic assemblies and exterior
wall assemblies.

• Investigate the inherent energy performance
and cost saving effectiveness of low density
open cell insulation when insulation and air
barrier are provided in one.

• Recognize the ability of open cell spray
foam insulation to combat moisture infiltra-
tion into construction assemblies and add to
building durability.

• Assess the various ways that open cell insula-
tion contributes to environmentally sensitive
and green buildings.
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hen selecting insulation products,
architects have a broad range of
choices. Foam insulation products
are often selected because they
have consistently been shown to

provide superior overall thermal perform-
ance contributing to greater energy and
operating cost savings. In particular, open
cell spray foam insulation can insulate and
air seal wall and roof / attic assemblies in
commercial buildings quite effectively, eco-
nomically, and efficiently. 

Overview of Open Cell Low Density
Spray Foam Insulation 

Spray foam insulation relies on using two
distinct manufactured ingredients that are
mixed and formed in the field by skilled appli-
cators. As soon as the two parts are mixed, a
chemical reaction begins causing the liquid
mixture to foam, expand, and eventually take
its final shape. This type of application means
that the sprayed insulation readily conforms
to the shape of the surfaces it is being applied
to while its chemical make-up ensures that it
adheres to those surfaces. 

Within the industry, there are several
common types of spray foam insulation. For
purposes of this article, we are going to
focus on low density, open cell insulation.

For context, low density foam is has an
installed density of approximately one half
pound per cubic foot compared with medi-
um density at two pounds. Some high densi-
ty foam is also available at approximately
three pounds per cubic foot. 

Open cell spray foam insulation effective-
ly blocks heat transfer with a tested R-value
of approximately R-3.5 to R-3.7 per inch. Its
softer make-up means that it can seal
around the edges and perimeter of stud cav-
ities and any penetrations in a flexible man-
ner. Some of the other benefits of open cell
insulation are acoustic control, vapor per-
meability, and cost efficiency. 

Low-density open cell spray foam insula-
tion can be used in many common commer-
cial building envelope locations such as
exterior walls where it is sprayed from the
inside against sheathing or roof / ceiling
assemblies where it is similarly sprayed
inside of sheathing or roof decks. It can also
expand the horizon of better performance
opportunities compared with fibrous or
rigid board insulation options because of its
inherent air tightness. This is particularly
true in non-typical locations such as cathe-
dral ceilings, cantilevered floors, uncondi-
tioned space separations, and other unusual
shapes. Further, it is particularly good at fill-
ing in and sealing around irregularities in
any of these locations.

When it comes to code compliance, many
low-density spray foam products are
approved for all construction types indicated
in the International Building Code (IBC)
including type I, II, III, IV, and V construc-
tion (check with manufacturer for specific
compliance details).  Low-density spray
foam can also be used in assemblies that
require a fire rating and can meet specific
IBC fire requirements for the use of plastics
in wall assemblies. When used in framing
cavities, the IBC is clear about requiring a

protective barrier, designated as a thermal
barrier, such as a layer of _ inch gypsum
board (or an intumescent coating) on interi-
or surfaces. 

Integral Air Barrier 
Creates Optimal 
Building Performance 

For commercial projects, open cell
spray foam insulation delivers very high
building performance by providing three
distinct capabilities in a one-step applica-
tion. First, it controls conductive heat
flow through an assembly by virtue of its
direct insulating value. A second means of
optimizing performance with open cell
spray foam comes from its inherent ability
to prevent air to flow through it unlike
fiberglass insulation.

Third, and perhaps as significant as R-
values, is the ability of the open cell spray
foam to act as a full, integral air barrier
that controls air leakage into and out of
construction assemblies and the building. 

It should be noted that while open cell
insulation is an effective air sealant, it does
allow water vapor to diffuse through it.
Hence, in cold climates (climate zones
Marine 4 and higher) a warm side vapor
retarder (e.g. vapor retardant paint) will be
needed to control vapor diffusion in an
exterior wall or unvented attic assembly.

Overall, the use of spray foam insulation,
then, goes beyond just R-values and truly
addresses a comprehensive way to optimize
energy efficiency making the thermal per-
formance arguments for using open cell
spray foam insulation very compelling. 

“An environmental
issue specifically
related to spray

foam insulations is
the required use of

a blowing agent
to allow the spray
foam to be mixed

and installed.”
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Cost Effectiveness of Open 
Cell Insulation

Achieving the multiple properties of ther-
mal insulation and air sealing in a single
step obviously saves labor and material
costs. This is usually seen as the first and
most obvious contributor to the cost effec-
tiveness of open cell spray insulation. Some
architects working in cold climates (all of
Canada and Zones 5 to 8 in the U.S.) may
still select medium-density foam thinking

that they can also get an integral vapor bar-
rier in the one product. However, the cost
difference between the higher density foam
is much greater than the cost of using a sim-
ple vapor retarder. 

From an installation standpoint, open cell
low-density foam can be applied in a single
continuous application without regard for
depth. This is in contrast to most closed cell
medium density insulation that is limited to
2" lifts to allow setting and curing. Hence,

the open cell installation is quicker and
therefore reduces labor cost.

Perhaps one of the biggest contributors
to the cost effectiveness of open cell, low
density insulation is its inherently high
yield. In this context, yield is a measure of
the coverage capability of foam.  Low-densi-
ty foam has a yield that is three to four
times higher (100:1 versus 30:1) than medi-
um density foam.

Enhancing Building Durability
with Open Cell Insulation 

Durability of a construction assembly and
a building relies on the integrity of materials
remaining intact during the full service life
of the building. The biggest common threat
to that integrity is damage from moisture
seeping into enclosed cavities and causing
damage to materials or structural compo-
nents of a system. According to ASHRAE,
moisture damage contributes to 90% of all
building and building material failures. 

The predominant source of this unwanted
damage causing moisture is from air leakage
which carries that moisture with it through
openings or irregularities into wall and roof
assemblies. In this case, low-density open
cell spray foam insulation can play multiple
roles in preventing moisture laden air from
penetrating into a building assembly. By cre-
ating an effective air seal to begin with, the
potential for air leakage and moisture pene-
tration is reduced notably. If any moisture
does get through, the insulation itself helps
to prevent it from condensing by keeping
the moisture laden air from meeting cold
exterior surfaces. 

In roof assemblies, this quality can make it
easier to spot the source of leaks and thereby

(Continued on page 38)
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permit any roof repairs to be made more easily. 
Separate from air leakage, the other

means for vapor to enter an assembly is
direct diffusion through materials. This rais-
es the question of whether or not a vapor
retarder is needed to stop that diffusion
when open cell spray foam insulation is
used. In the warmer U.S. climate zones 1
through 4, an interior vapor retarder is not
required by code, with the exception of
places where high interior relative humidity
is present such as indoor swimming pools.
In other climate zones or locations where a
separate vapor retarder is required, it can
often be achieved by using vapor retarder
paint which creates a full and continuous
barrier to moisture diffusion. 

Properly designed and installed then, roof
and wall assemblies in commercial buildings
that use open cell spray foam insulation and
appropriate vapor retarders will notably
reduce the chance of moisture damage and
contribute to the overall durability and long
term integrity of the building. 

Environmental and Green
Building Contributions of Open
Cell Insulation 

For architects, building owners, contrac-
tors, and occupants, low-density open cell
spray foam insulation has been shown to be
a valuable component of green and sustain-
able building design. 

Both LEED 2009 and LEED v. 4 place a
strong emphasis on reducing the use of fos-
sil fuels and increasing the use of non-pol-
luting renewable energy. Open cell low den-
sity spray foam insulation has been shown to
contribute to excellent thermal performance
both by contributing to higher, more com-
plete R-values and by reducing air infiltra-
tion. In order to receive points in the Energy

Optimization category the building must
demonstrate a percentage increase in energy
savings in accordance with ASHRAE stan-
dards. The number of points available
depends on the degree of energy savings. 

From a life cycle analysis standpoint, the
high yield of low-density foam makes it
more resource-efficient than medium-densi-
ty foams, requiring fewer raw materials to
achieve equivalent thermal performance.
Overall, because of the impact on energy use
reduction, the average building life cycle
savings can be 10 times the initial invest-
ment in construction costs. 

The ability to help keep moisture out of
construction assemblies allows open cell low
density insulation to safeguard indoor envi-
ronmental quality a focus of LEED. Not only
does it help prevent mold and other prob-
lems from forming, it doesn’t contribute to
problems either. The blowing agent for open

cell insulation is water so there are no
chemicals that can out-gas or create envi-
ronmental health concerns. Further, some
open cell insulation products are compliant
with Collaborative for High Performance
Schools (CHPS) EQ 2.2Section 01350 in
accordance with the California Department
of Health Services Standard Practice.

An environmental issue specifically relat-
ed to spray foam insulations is the required
use of a blowing agent to allow the spray
foam to be mixed and installed. Materials
used as blowing agents are rated based on
their Global Warming Potential (GWP) by
comparing it to other materials. The refer-
ence point for GWPs is the most basic green-
house gas of carbon dioxide with a GWP rat-
ing of 1, the lowest on the index. Since many
open cell spray foam insulations use only
water and carbon dioxide the lowest possible
GWP is achieved. 

CONCLUSION 
Open cell spray foam insulation is a logical

and proven choice for commercial buildings
as well as residential buildings. It can reduce
upfront insulation costs by taking advantage
of its higher yield and ability to provide an air
barrier without complex air sealing and fin-
ishing procedures and materials. It also
makes it easy to address hard-to-insulate
areas like floor areas over unconditioned
space, complicated framing, etc. It allows
architects to explore high performance
design options not feasible with other forms
of insulation in buildings with complex
angles, curves, domes, etc. From an energy
standpoint, it has been shown to reduce
ongoing energy costs by up to 50% by creat-
ing an integral air-barrier to minimize air
infiltration, while maintaining long-term
thermal (R-value) performance. These lower
energy requirements can translate to lower
HVAC loads and associated equipment costs.
From a user perspective, the open cell insula-
tion can improve the indoor environment
with more consistent building envelope per-
formance to enhance workplace productivity,
performance and occupant comfort. For the
architect and design team, open cell low den-
sity spray foam insulation provides a high
performance solution that enhances, not lim-
its, design possibilities in commercial build-
ings. For the building owner, it contributes to
a durable, efficient building that can attract
higher occupancy rates and building values
well into the life of the finished building. 

“For architects,
building owners,
contractors, and
occupants, low-

density open cell
spray foam insulation
has been shown to 

be a valuable 
component of green

and sustainable 
building design.”
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QUIZ QUESTIONS
1. Open cell spray foam insulation effectively

blocks heat transfer with a tested R-value of
approximately:

a. R-5 to R-7 per inch
b. R-3.5 to R-3.7 per inch
c. R-2.5 to R-5 per inch
d. R-3.17 per inch

2. When it comes to code compliance, many
low-density spray foam products are
approved for construction types in the
International Building Code (IBC) including:

a. Type I construction
b. Type III construction 
c. Type V construction 
d. All of the above

3. A means of optimizing performance with
open cell spray foam comes from its inherent
ability to

a. prevent air to flow through it unlike
fiberglass insulation 

b. allow air to flow through it just like fiber-
glass insulation 

c. accelerate convection currents in a 
framing cavity

d. None of the above

4. The yield of open cell low density spray foam
compared to closed cell medium density
spray foam is: 

a. the same between the two
b. low-density open cell foam yields 3 to 4

times more coverage than medium
density closed cell

c. medium density foam yields 3 to 4 time
more coverage than low density

d. low density foam yields 100 times more
than medium density

5. An obvious labor and material saving of open
cell spray foam insulation is 

a. It’s very low initial cost
b. It’s very high R-value reducing energy 

costs over time
c. It’s  ability to completely insulate and air

seal a framed wall cavity in one step 
d. It’s pre-mixed make-up from the 

manufacturer

6. Low-density open cell spray foam can be
used in fire-rated wall assemblies:

a.  True b.  False

7. The open cell make-up of low density spray
foam insulation helps manage any bulk
water present by: 

a. acting as a vapor barrier to prevent 
it’s intrusion

b. trapping it inside the cells 
and preventing it from moving

c. allowing it to drain away and 
enhancing the ability of the assembly
to dry out

d. filling the cavity completely so no water
can get in

8. In all U.S. climate zones an interior vapor
retarder is not required when open cell
spray foam insulation is used. 

a.  True b. False

9. Since many open cell spray foam insulation
uses only water and carbon dioxide as the
blowing agents it’s Global Warming
Potential (GWP) is rated at: 

a. 3,400
b. 2,700
c. 20
d. 1

10. From a life cycle analysis standpoint, the
high yield of low-density foam makes it
more resource-efficient than medium-densi-
ty foams, requiring fewer raw materials to
achieve equivalent thermal performance.

a.  True b. False
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• Identify the characteristics of open cell spray foam that make it 
suitable for high performance roof / attic assemblies and exterior
wall assemblies.

• Investigate the inherent energy performance and cost saving 
effectiveness of low density open cell insulation when insulation
and air barrier are provided in one. 

• Recognize the ability of open cell spray foam insulation to combat
moisture infiltration into construction assemblies and add to 
building durability. 

• Assess the various ways that open cell insulation contributes to
environmentally sensitive and green buildings.
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