Building orientation, passive-
solar design, and a radiant-

barrier roof are key to energy
efficiency in a hot-humid climate

BY KILEY JACQUES

his contemporary “farmhouse” is located in the
booming urban hub of Central Austin, Texas. It
belongs to an older couple whose objectives in hav-
ing it built included downsizing from a much larger
suburban home, reducing their carbon footprint, and living a
more pedestrian-oriented lifestyle. To that end, they charged
Barley & Pfeiffer Architecture with designing a comfortable,
healthy, and resource-efficient house that would blend into
the neighborhood of small-scale post-World War IT homes.
Principals Peter Pfeiffer and Alan Barley have been design-
ing high-performance homes in Texas’s hot-humid climate
for over 30 years. Their projects commonly include metal
roofing, deep overhangs, awnings, and other shading devices,
as well as a combination of fiber-cement lap siding and
locally sourced limestone veneer. Their intention is always to
design energy-smart structures that rely most heavily on site
orientation and passive-solar design and natural ventilation
rather than HVAC systems. They also place great emphasis
on good indoor-air quality. Peter’s ventilated radiant-barrier
roof system is chief among their design strategies. It took
40 years to develop, and this house is the beneficiary of his
decades-long research.

Two floors are better than one

The north-facing lot measures just 60 ft. wide by 96 ft. deep.
To accommodate the desired volume of living space, they
needed to build up rather than out, which has benefits in a
hot climate. First, because roofs are a major source of solar
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: The galvalume metal is a historically appropriate roofing
material for Texas vernacular homes. Pitched roofs are best for this climate, which sees
ual torrential rains; they also allow for 30-in. overhangs, which protect against solar gain.
Although it appears from street view to be a typical garage, this “car pavilion” functions as a
patio, an outdo ookjng area, and a pet-washing station.
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gain, decreasing a roof’s size relative to the building’s volume
reduces that gain. They advise clients to put the money saved
by shrinking the roof surface into better building materials.
Second, it minimizes the perimeter and interface between the
wall system and the foundation slab, which is notoriously vul-

nerable to air infiltration—a major consideration when seek-

ing to curb energy usage. “More house over less foundation
is a more efficient house to build per square foot,” Peter says,
adding that building up rather than out also means less imper-
vious coverage, which helps with stormwater management.
Plus, a stacked, compact house with an air handler at the cen-
ter supports shorter duct runs, which further reduces energy
consumption by decreasing losses to friction along the ducts.

Cooler from the start

Energy demands can be mitigated right off the bat by cor-
rectly orienting the house on the lot. “A house should be
inherently energy efficient without reliance on mechanical
systems,” Peter notes. “You can get 10 times more out of your
house by designing it to respond to the climate.”

This house is sited to be shut off to intense western sun and
open to south-southeasterly breezes. To help capture those
breezes, Alan says houses in this climate should try to incor-
porate screened porches and connected outdoor living areas.
Come winter, the house shields those spaces from north-
westerly winds, making them more comfortable. By adding
fireplaces to screened porches, they can be used nearly year-
round. The porch on this house not only takes in the prevail-
ing breezes, it also works in sync with the stair tower, which
acts as a passive-thermal siphon to draw warm, moist air up
and out upper-floor windows. “Enhanced natural ventilation
for homes in the south is becoming vogue again,” Peter says,
“as people are becoming more and more aware of indoor-
air-quality issues.”

Another of the architects’ preferred strategies is putting all
of the bedrooms on the second floor and using two separate
air-conditioning systems, one for each floor. This makes for
a more energy-efficient home because mechanical cooling
can be targeted depending on time of day and occupant loca-
tion. “It is better to have the redundancy of two separate sys-
tems that are sized only for the load they’re handling,” Peter
explains. “One system for two floors is never right, and then
you have an oversized system running one part of the house
or another.”

For Peter and Alan, the main priorities when designing
for a hot-humid climate are addressing infiltration of out-
side air and controlling solar radiation. This house has 2x4
walls with closed-cell spray foam that acts as an air barrier
and controls humidity; the attic is unvented while the roof
above it is vented to remove water vapor and improve the
roof’s thermal performance. Heat gain is further addressed
with calculated shading of the windows using 30-in. over-
hangs and awnings. Additionally, the tight building envelope
is positively pressured; negative pressure taxes cooling equip-
ment and brings in dust and other contaminants that reduce
indoor-air quality. Their general approach is to bring out-
side air into the house by way of either a mechanical system
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EASY ON THE EYES Shaded clerestory windows
on the northwest side of the house provide
balanced, glare-free natural daylighting for the
main living areas, including the living room and
screened porch.

HEALTHY AND HARMONIOUS
The kitchen faces the street and
is lit with soft northern light
throughout the day.
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A ROOF SYSTEM 40 YEARS IN THE MAKING

rchitect Peter Pfeiffer traces the
genesis of his radiant-barrier roof
design back to the early 1980s,
when spray foam was gaining popularity.
“When we were first thinking about
applications for spray foam, adding it to
attics was a radical change agent for the
construction industry,” he recalls. As a
young architect, he felt ventilating attics to
keep them cool made little sense because
the major heat source was solar radiation,
which he reasoned should be prevented
from entering the attic in the first place.
“Trying to fight radiation with convection,
which is what venting is, is a weak strategy
from a physics standpoint,” he explains.

Peter determined that air leakage was
number one on the list of reasons for
excessive energy usage. Consider that
most air conditioners are set up to suck
air out of the house, cool and dehumidify
it, and send it through a network of ducts
back into the house. When ducts are not
airtight, they leak, and a good percentage
of that conditioned air never makes it
into the home. The house then "goes
negative,” meaning it takes 100% of the
air out to condition it but doesn’t return all
of it, which creates negative air pressure.
That forces the house to suck makeup air
from every crack and crevice. The result
can be a 20% or greater energy loss. The
process also brings hot, humid air into
the house, which the air conditioner then
needs to handle.

The knowledge of this energy loss led
to efforts on Peter’s part to make duct-
blaster tests a code requirement, which
would ensure conditioned air is not lost
outside the envelope. But even sealed
ducts can be less effective if they are
located in an unconditioned attic. Peter
envisioned not only sealed ducts but also

Galvalume
metal roofing
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Cor-A-Vent soffit vent

a sealed attic space, with a system for
venting the roof deck to reduce heat gain
and keep the attic as cool as possible.

Ventilated attics cost a lot of energy
and money while lessening occupant
comfort due to high humidity and poor
air quality. The growing popularity of
recessed can lights exacerbated the
problem—installation required puncturing
holes in the ceiling, which allowed heat
from the attic into the living areas below.
This, combined with the dark roofs
common at the time, made for a solar-
collecting roof assembly. Air-conditioning
ducts with minimal R-4 insulation were
being subjected to high heat. For these
reasons, Peter began thinking about attic
radiation barriers.

At first, it was a matter of draping a 4-ft.-
wide roll of foil between rafters, which
would cut attic temperatures by 15°F to
20°F. He then developed a system that
would be easier for builders to install:
foil-laminated plywood sheathing. It was
branded "Kool Ply,” and it informed the
product now sold as LP TechShield.

When spray foam started to take off as
residential insulation, it was expensive but
effective; it enabled much tighter houses
and reduced the need for caulking and
gaskets to stem air infiltration. It also
eliminated the call for netting beneath
rafters in order to blow in insulation for a
cathedral ceiling.

Peter experimented with installing
cardboard beneath the radiant-barrier
sheathing to form a continuous air
channel from soffit to ridge. Foam was
sprayed to the underside of the cardboard

Angled 1x4
furring, 24 in. o.c.

Plywood
sheathing
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and rafters, creating a ventilated roof
system with a sealed attic. It was a costly
approach, and Peter wanted an alternative.
"It dawned on me that galvalume—a new
product at the time that coated sheet
metal with zinc and molten aluminum—
could be an advancement,” he explains.
Galvalume panels reflect a fair amount
of incoming radiation. The panels’
performance can be boosted by providing
an air space under them, which minimizes
conduction to the roof deck and, because
of galvalume’s low emissivity, allows the
panels to act as a radiant barrier. Peter
started out using 1x4 vertical furring strips
24 in. o.c. from soffit to ridge, with another
layer running horizontally. To reduce the
cost of the assembly, he switched to using
one layer at about a 45° angle (parallel to
the roof valleys), which provides adequate
ventilation with about half the furring.
Further iterations of the assembly
included an air-venting strip in the soffit,
which required cutting into the sheathing
above to create a gap for air to escape.
That left the sheathing edges exposed
to moisture, so Peter added 1-in. gaps
between the furring-strip ends to create
more air pathways and increase drying
potential. He decided to stop the furring
and galvalume 2 in. shy of the ridge, and
bend the metal up between the ribs to act
as a barrier to wind-driven rain. He used
18-in.-wide strips of sheet metal to make a

Metal

Perforated -
ridge cap

Z-closure

Metal roofing

stops 2 in.
Rubber membrane short of the
flashing over ridge ridge and is

bent up to act
as a rain barrier.

Closed-cell
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ridge cap—9 in. on each side. That allows
air to come out the top, but rain can’t
get in.

The next evolution moved the air intake

from the soffit to a Cor-A-Vent strip
installed behind 1%-in. D-style galvalume
drip edge. This configuration brings air
into the roof system without having to fuss
with the soffit. In time, Peter adjusted this
Cor-A-Vent detail to include a 45° angle;
when it sat flush with the soffit, it hindered
air movement. He also decided to run

the furring strips farther apart to increase
air movement: 24 in. o.c. with 2-in. to 3-in.
gaps between the ends.

“This roof system came out of decades’
worth of nuancing and getting feedback
from builders,” Peter says. “Elevating
the roof cover off the decking to induce
above-sheathing ventilation is as important
as increasing solar reflectance, and may be
the stronger player in reducing heat gain.”

Peter says the system works in all
climates. In cold-weather locations, it stops
snow melt and subsequent ice damming;
if heat rises up from the attic and through
the foam, it leaves through the ridge.

And because the furring also works as a
rainscreen, it is suited to wet climates too.

The
spacing between
the 1x4s creates
myriad pathways
for air to travel.
Orienting them
on an angle rather
than horizontally
and vertically saves
material.

like an Ultra-Aire conditioning unit or a barometric damper
that opens when the house pressure goes below neutral. This
allows fresh air into the return-air chamber; it is then filtered

and dehumidified.

Ventilated radiant-barrier roof

Peter’s roof design is paramount among his firm’s cool-
ing strategies. It uses unpainted galvalume, which he says
thwarts about 72% of the radiation that hits it. That means
only a small percentage of solar radiation penetrates through
to the space below. Lifting the metal roofing off the sheath-
ing with diagonally run furring strips—spaced 24 in. o.c.
with 3-in. gaps between the board ends—<creates a ¥4-in. gap
from soffit to ridge for continuous movement of air through
the ridge vent. The underside of the galvalume works like
a foil-faced radiant barrier, so little absorbed heat is trans-
mitted into the attic. The metal roofing also dissipates heat
quickly at night, which means it is not radiating heat inward.
To create an additional barrier to heat, the area between the
rafters is sprayed with closed-cell foam. In short, it is a system
to mitigate solar heat gain, thereby keeping the sealed attic
space below as cool as possible.

A builder’s take

Matt Risinger, the builder on this project, included Peter’s
radiant-barrier roof on his first spec house and has been using
itever since. He is sold on its efficacy, although he prefers Zip
System sheathing because the roof-deck seams can be taped
and the flexible flashing works well on plumbing penetrations.
In terms of constructability, because the roof is up on 1x4s,
roofers have toe boards across the entire surface. One consid-
eration for general contractors that Matt notes is determining
whether the framer or the roofer should install the furring.
all of

those 1x4s add up—and it’s important to be cautious about

What else do builders need to know? It’s pricey

underlayments and penetrations. There are potentially two
layers of flashing, and penetrations in the roof decking create
air gaps. If they are not flashed at the roof deck and water
gets through, there could be a leak that goes undetected.

One house among many

After decades spent fine-tuning both passive and active systems
for dealing with Texas heat, Barley & Pfeiffer Architecture has
a large collection of low-energy, maximum-comfort homes
to their credit. This home is young among them.

Peter makes a final and noteworthy point: Resiliency in
Texas looks different than it does in cold climates. This last
winter aside, the state’s power system is typically most vul-
nerable during the summer and hurricane season; plus, the
region is dealing with temperatures that average 10°F to 20°F
warmer than two decades ago. Handling heat is a bigger
threat than going without. Nonmechanical cooling strategies
that function independent of the grid are imperative. As this
house testifies, he and Alan have it pretty well dialed in.  [J

Kiley Jacques is senior editor at Green Building Advisor.
Photos by Ryann Ford.
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