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uctwork installed in unconditioned spaces—such as attics,

crawl spaces, and garages—can contribute significantly to

the overall heating and cooling costs of residential build-
ings. Estimated duct thermal losses for single-family homes with
ductwork installed in unconditioned spaces can range from 10%
to 45% of total heating and cooling loads. In other words, poorly
installed duct systems can account for almost half of the total
heating and cooling costs of some residential buildings.

There are three primary methods to reduce thermal losses
associated with ductwork in unconditioned spaces. These meth-
ods have various cost, performance, safety, and practical trade-
offs that must be considered before implementation, but each
can greatly improve heating and cooling system efficiencies.
Seal and insulate the ducts. Proper sealing and insulation of
ductwork can reduce thermal losses from ductwork to around
10%, but further reduction of duct thermal losses requires more
advanced techniques. The proper techniques for sealing and
insulating ductwork are covered in a report written by Steven
Winter Associates, Incorporated (SWA), for DOE’s Building
America program, Measure Guideline: Sealing and Insulating
Ducts in Existing Homes.

Install the ducts inside the thermal envelope. Installing or
moving ducts within the thermal envelope can eliminate duct
thermal losses entirely. There are several ways builders can ac-
complish this. Depending on the method employed, however,
living space may be affected and the building envelope load may
be increased slightly if the unvented-attic approach is employed.
Several methods for installing ducts within the thermal enve-
lope are covered in a report prepared by the Florida Solar Energy
Center for DOE’s Building America program (Beal, Mcllvaine,
et al.,, 2011). '

Bury and/or encapsulate the ducts. For ducts located in
attics, burying the ducts beneath loose-fill insulation and/or
encapsulating the ductwork in closed-cell spray polyurethane
foam (ccSPF) insulation can reduce ductwork thermal losses to
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Fiberglass duct-board ducts in an attic.

3% or less. This family of duct insulation approaches, referred to
here as buried and/or encapsulated ducts (BEDs), reduces duct
thermal losses without encroaching on living space or increas-
ing thermal envelope loads.

The building industry has struggled to address ductwork
thermal losses in new and existing homes. As building codes
strengthen requirements for duct air sealing and insulation, ad-
ditional compliance options are needed to address energy effi-
ciency goals. (See “Code-Compliant Tried-and-True Solutions.”)
While ductwork within the thermal envelope has been promoted
as the ultimate solution for addressing ductwork thermal losses,
the BEDs approach can meet—and sometimes exceed—the per-
formance of ductwork located within the thermal envelope.

The Consortium for Advanced Residential Buildings (CARB),
a research team led by SWA and sponsored by DOE'’s Building
America program, has conducted significant research on this top-
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Figure 1. Diagram of buried ducts.

————Ducts with R-8 insulation

~Deeply buried
————— ~Fully buried

—Partially buried
—Truss lower cords

Ducts with R-8 insulation
encapsulated in 1%2" ccSPF

I~ Deeply buried
Fully buried
———Partially buried

-Truss lower cords

Figure 2. Categorization of buried duct insulation levels in dry climates (above)
and humid climates (below).
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Figure 3. How duct leakage can affect building pressures.

ic and has written several reports, including Measure Guideline:
Buried and/or Encapsulated Ducts (Shapiro, Zoeller, and Mantha,
2013), which covers the technical aspects of BEDs as well as the
advantages, disadvantages, and risks of BEDs compared to alter-
native strategies. This report synthesizes previously published
research on BEDs and provides practical information to builders,
contractors, homeowners, policy analysts, building professionals,
and building scientists on how to install BEDs.
(Also, see “Duct Materials™.)

BEDS

Conventional HVAC design manuals dictate that space-
conditioning air in cooling-dominated climates be discharged
from ceiling or high-wall registers (ACCA 1992). As a result,
most houses in hot climates with ducted space-conditioning
systems have ductwork, and in some cases air-handling units,
in unconditioned attics. Energy losses from duct leakage to the
outside can range from 3% to much more than 20%. These losses
are exacerbated by large temperature differentials between the
conditioned air inside the duct and the air in the unconditioned
attic. During the cooling season, 55°F conditioned supply air
can be separated from 140°F ambient attic air by duct insula-
tion with a rated thermal resistance as low as R-4.2. During the
heating season, this temperature differential can be even higher,
with 110°F conditioned supply air passing through attics with
20°F ambient attic air.

The BEDs approach can provide simple and cost-effective
methods for reducing thermal losses from ductwork installed in
unconditioned attics. There are three possible combinations un-
der this approach: (1) buried ducts, (2) encapsulated ducts (with
ccSPF), and (3) buried-and-encapsulated ducts. The best solution
depends on the climate, the age of the house, and the configu-
ration of the HVAC system and attic. The buried-duct approach
is acceptable in dry climates only. Ducts that are encapsulated
without burial are not recommended for new construction, be-
cause additional burial requires only minor increases in planning
and cost over encapsulation alone. Thus buried-and-encapsulated
ducts yield significantly higher performance with minimal addi-
tional effort. In moist and marine climates, ducts must be encap-
sulated prior to burial in loose-fill insulation to avoid the risk of
condensation forming on the surface of the ductwork.

BURIED DUCTS

The buried-only approach involves placing ductwork as close to
the ceiling as practical—either on top of the gypsum board ceil-
ing or over the truss bottom cords—and burying the ductwork
beneath loose-fill insulation. Any loose-fill insulation, such as
fiberglass or cellulose, can be used for this strategy. When more
loose-fill insulation is used to boost the duct R-value, there is
the added benefit of increasing the ceiling assembly R-value as
well. Figure 1 shows a buried-duct installation.
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Insulated flex duct in an existing home.

For analysis purposes, buried ducts are categorized as par-
tially, fully, or deeply buried, based on the distance from the top
of the duct to the top of the loose-fill insulation. Partially buried
ducts are buried to 3.5 inches below the top of the duct. Fully
buried ducts are buried to the top of the duct. Deeply buried
ducts are buried with 3.5 inches of loose-fill insulation over the
top of the duct. These three categories are shown in Figure 2.

ENCAPSULATED DUCTS

The encapsulated-only approach involves spraying ductwork
with closed-cell spray polyurethane foam (ccSPF) to boost
the R-value of the duct insulation and reduce air leakage.
Although ccSPF may be applied directly to the exterior of un-
insulated ductwork, insulating the ductwork with fiberglass

duct wrap prior to encapsulation is a less expensive way to in-
crease R-value. Ducts should be sealed to reasonable tightness,
and the ccSPF will act as an additional air barrier. In order
to be code compliant, the ccSPF used must be approved for
exposed attic installations.

BURIED AND ENCAPSULATED DUCTS

In the buried-and-encapsulated approach, ducts are first encap-
sulated with ccSPF insulation and then buried under loose-fill
insulation. Initially conceived as a way to apply the buried-ducts
concept to humid climates (where condensation could occur on
the outer surface of buried ducts), the buried-and-encapsulated
approach can be used as a high-performance duct insulation
strategy in all climates. Buried-and-encapsulated ducts have
even higher R-values than buried ducts and provide the air-
sealing benefits of encapsulated ducts.

SYSTEM INTERACTIONS

The energy savings associated with BEDs depend heavily on the
space-conditioning system installed in the house. Counter in-
tuitively, BEDs may reduce space-conditioning energy use by a
larger percentage when a multispeed or right-sized A/C system
is installed. These systems operate at lower capacities for longer
periods of time than conventional systems, and thermal losses
from ductwork therefore account for a larger percentage of the to-
talload. For example, a recent study found that switching from an
attic duct system to an indoor duct system reduced cooling energy
use by 17.3% for a multispeed 21-SEER system, but reduced cool-
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The three most common duct materials are
sheet metal, fiberglass duct board, and flexible
duct. A duct distribution system may use a com-
bination of these materials, such as sheet-metal
trunks off the air handler and flex duct branches
to supply the individual registers.

FLEXIBLE DUCT. Flex duct is relatively inexpen-
sive and comes preinsulated. It is composed
of three materials: (1) an interior polymer tube
with diameters ranging from 4 inches to 24
inches, supported by a spiral metal coil; (2)
fiberglass insulation with thicknesses ranging
from 1 inch to 3 inches; and (3) an outer poly-
mer liner, which usually incorporates a low-e
foil facing that provides a radiant and vapor
barrier. Flex duct can be run long distances—
with several bends and turns—without addi-
tional fittings or connections. However, this
practice can create a higher flow resistance
than the other two, especially if the flex duct
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is not installed taut, as per manufacturer’s
instructions. With fewer transitions and fit-
tings, flex duct can be very airtight, but as
with other duct materials, leakage can still
occur at connections.

FIBERGLASS DUCT BOARD. Duct board is
a rigid, dense, fiberglass sheet product that
typically comes with a fiber-reinforced foil fac-
ing that acts as a vapor barrier. Duct board is
usually sold in large sheets (e.g., 4 feet x 10
feet) in thicknesses ranging from 0.75 inch to 2
inches. The fiberglass provides thermal insula-
tion and sound attenuation.

Duct board is typically cut, folded, and
shaped in the field into rectangular sections
of duct, plenums, trunks, and junction boxes.
Smaller branch ducts can be sheet metal or,
more commonly, insulated flex duct. The most
common areas for leakage are at the collars,
transitions, and connections to other materials.

SHEET METAL. Galvanized steel metal is a
widely used duct material and is required in
some jurisdictions. Round and rectangular
shapes are the most common, but ovals and
other shapes are sometimes used. There is also
a wide array of sheet-metal fittings that connect
sections of duct, such as elbows, transitions,
takeoffs, and reducers.

Screws are typically used to connect straight
round ducts to collars, elbows, Ts, Ys, reduc-
tions, boots, and other fittings. The Sheet Metal
and Air Conditioning Contractors National
Association recommends using at least three
#8 sheet-metal screws spaced equidistant
(SMACNA 1998). If seams, gaps, and connec-
tions are not sealed before insulation, sub-
stantial leakage can result. Ducts should be
sealed at all junctures with mastic, fiber mesh
tape-reinforced mastic, or UL-181-approved
metal tape.



ing energy use by only 11.2% for a single-
speed 13-SEER system. The experiment
was conducted by alternating the use of
these systems in a 1,600 ft* laboratory
test house in Florida.

BEDs will reduce the heating and
cooling loads of the building, and as a
result, the space-conditioning systems
may be downsized in some cases. In
new construction, equipment downsiz-
ing will reduce the cost of implement-
ing a BED strategy. In retrofit scenarios,
the energy savings and cost of a BED
strategy will depend on whether a new,
downsized space-conditioning system
is installed. If the space-conditioning
system is not downsized, the reduc-
tion in load associated with BEDs may increase cycling in the
space-conditioning equipment, reducing the efficiency of the
equipment and the energy savings. Alternatively, simultaneous
replacement of space-conditioning equipment and implementa-
tion of a BEDs strategy may make it possible to install a smaller-
capacity HVAC system and maximize energy savings.

Ducts installed in unconditioned attics can also cause com-
fort problems for the occupants. When the space-conditioning
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Encapsulated duct before
(inset) and after it was
buried in insulation. (See
Figure 2.)

system is not running, the air in-
side the ductwork can be heated
or cooled substantially, depend-
ing on the season. When the
system begins operation, this
hot or cold air is pushed into the
conditioned space, increas-
ing the space-conditioning
load and causing comfort
problems for the occupants.
By increasing the R-value of
the ductwork and reducing
air losses, BEDs can dramat-
ically reduce these effects.
Furthermore, leakage
from the duct system can
depressurize or pressurize
the conditioned space. This increases envelope air infiltration,
which in turn may cause moisture problems. Return-side leak-
age in the attic can create positive pressure in the home and
result in unconditioned air and pollutants being pulled into
the airstream (see Figure 3, p. 21). Positive pressure can cause
moisture problems during winter months in cold climates if
relatively moist interior air is pushed into the wall assembly and
condenses. Similarly, attic supply-side leakage can create nega-
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BEDs have been the subject of build-
ing science research for more than a decade,
particularly through the Building America pro-
gram. As a result of Building America research,
BEDs have been incorporated into several
energy conservation codes and standards. For
example, buried ducts are compliant, when
properly installed, with Title 24 of the California
Code of Regulations (CEC 2007, 2008), which
governs construction of buildings throughout
the state of California and stipulates minimum
energy conservation levels (CBSC 2010). The
2009 International Residential Code (IRC)
prescriptively allows spray foam-encapsulated
ducts. As an alternative to interior duct installa-
tions, DOE’s Challenge Home National Program
Requirements allows ductwork in attics that is
(1) encapsulated with at least 1.5 inch of ccSPF
and (2) buried under a minimum of 2 inches of
loose-fill insulation (DOE 2012).

While there are no significant obstacles to
ensuring that buried duct installations are code
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compliant, installations involving ccSPF must

be carefully considered. In general, the 2009

IRC requires that spray foam insulation applied

to the exterior of ductwork (Sections M1601.3

and M1601.4) in attics (Section R316.5.3)

meet several requirements:

= The spray foam must have a flame spread
index no greater than 50 and a smoke-
developed index no greater than 450.

= Attic access is required by Section R807.1
(typically in low-density residential
construction).

= The attic must be “entered only for purposes
of repairs or maintenance” (meaning that
no storage or habitation is allowed).

= The spray foam must be protected by an
ignition barrier.

= The spray foam must have a maximum wa-
ter vapor permeance of 3 perms per inch
(meaning that open-cell spray foam cannot
be used).

= The spray foam must meet the general re-
quirements for use in residential buildings

(Section R316).

The 2009 IRC allows exposed installations of
ccSPF in attics, but the spray foam used must
be specifically approved for installation without
an ignition barrier (Section R316.6). Approval is
determined on the basis of specific fire-related
test procedures. Not all ccSPF materials meet
the requirements of Section R316.6.

If the spray foam used is not approved for
exposed attic installations, encapsulated ducts
must also be buried in loose-fill insulation such
that an ignition barrier covers the ¢cSPF. For
BEDs, 1.5 inch of fiberglass, which is consid-
ered mineral fiber insulation (ASTM C554-11),
meets the minimum requirements for ignition
barriers. BEDs using a ccSPF material specifi-
cally approved under Section R316.6 may be
buried under cellulose. All other BED installa-
tions require 1.5 inch of fiberglass or mineral
wool insulation coverage.




tive pressure in the home and result in conditioned air being lost
to the outdoors. If there are atmospheric combustion appliances
in the home, negative pressures can interfere with proper draft-
ing, which can cause exhaust gases to build up within the home.
In hot-humid climates, depressurization can also lead to high
indoor relative humidity levels as outdoor air infiltration is ex-
acerbated. Encapsulating ducts can reduce leakage; in addition
to saving substantial energy, lower duct leakage can alleviate
moisture, comfort, and safety problems.

DECISION-MAKING CRITERIA

While each combination of building construction, ductwork
installation, and space-conditioning system poses unique chal-
lenges to reducing ductwork thermal losses, there is fortunately
a wide array of solutions that may meet the challenges posed by
each building.

The report Measure Guideline: Buried and/or Encapsulated
Ducts provides extensive information to support effective deci-
sion making related to BEDs, along with detailed, step-by-step
guidance on implementing measures for specific applications. €

William Zoeller is a registered architect and researcher with
SWA. He has over 32 years of experience in building design, new
construction, rehab, postconstruction evaluations, tech-transfer
and training, and building materials product development.

Carl Shapiro, a former building systems engineer with SWA,
and Pallavi Mantha, a former building systems analyst at SWA,
also contributed to this article.

This article was adapted from a DOE Building America pro-
gram report.
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