Cool Roofs,
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Above: Reflective roof products can help reduce the urban heat-
island effect — a phenomenon in which city temperatures are up to
8 degrees F warmer than the surrounding countryside.

Facing Page: How much can a building save by installing a reflective
roof? The answer depends on a range of factors, including location
and utility rates. But in the right situation, a reflective roof can
bring cooling savings of up to 50 percent, with a reduction in peak
cooling demand of 10 to 15 percent.
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ENErGy StAr-labeled roof
products can bring
significant savings for
buildings in most parts of
the country

SUMMERTIME IS ANYTHING BUT easy for
facility executives trying to get a handle
on skyrocketing air conditioning loads.
What if you could reduce your facility’s
peak cooling demand by 10 to 15 percent
and fix the roof with the same capital ex-
penditure? If your building is located
where the sun shines brightly, and you
currently have a black rooftop needing re-
pair or maintenance or are in the process
of constructing a new building, you defi-
nitely will want to investigate ENERGY
Star*-labeled roof products.

These reflective roof products lower
roof temperatures by up to 100 degrees F,
thereby decreasing the amount of heat
transferred into a building’s interior. Al-
though some reflective roof products may
have a higher initial price than non-reflec-
tive alternatives, ENERGY STAR-compliant

- roof products can save facility executives

money and energy over the life of the roof
by reducing the amount of air condition-
ing needed to keep a building comfort-
able. In addition, reflective roof products
can potentially minimize the effects associ-
ated with thermal shock, reduce UV degra-
dation, and extend the life of the roof.

“In general, building owners will save
the most money on energy bills by in-
stalling an ENERGY STAR-labeled roof prod-
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ENERGY STAR Launches
Roof Products Program
With 65 Charter Partners

EnerGY Star-labeled roof products are the newest addition to the
highly successful ENercy STAR program. Products bearing the
ENERGY STAR label are more energy efficient than standard
products, so they save energy and money. In general, ENERGY STAR-
labeled products appliances, HVAC equipment, office equipment,
residential lighting and even homes reduce energy costs by at
least 30 percent.

“Approximately $40 billion is spent annually in the U.S. to air
condition buildings,” says Rachel Schmeltz, ENERGY STAR program
manager. “Reflective roof products that meet the ENERGY STAR
specifications can help to reduce energy bills by up to 50 percent
and reduce peak cooling demand by 10 percent to 15 percent.
Enercy Star-labeled roof products protect the environment by
reducing the amount of energy that must be generated to air
condition buildings, thereby reducing the amount of pollution
released into the air by power plants.” As in other ENERGY STAR
programs, the EnerGY STAR Roof Products Program is a voluntary
partnership designed and implemented by the U.S. Environmental
Protection Agency and the U.S. Department of Energy.

Working with roofing industry representatives, EPA now has
developed specifications for roofing products, based on their

reliability and energy efficiency as measured by solar reflectance.

Manufacturers can put the ENerGy STAR label on roof products that
meet or exceed these specifications.

The Enercy STAR Roof Products Program, launched at the National
Roofing Contractors Association convention and exhibition in
Phoenix, began with 65 charter members. ENERGY STAR
specifications are not restricted to any type of roof product.
However, EPA expects that initially metal, single-ply membrane
and roof coating products will be most widely represented.

Information on the ENerGy STAR labeled Roof Products is available
through the ENeray STAR hotline at 1-888-782-7937 or on the web at
www.energystar.gov (choose “roof products” from the product
menu).

[uct if their building has the following
ich::lr::l(:'u:ristiCs: high air conditioning bills,
‘a large roof surface as compared to the
building’s overall size, lower levels of in-
sulation and/or a location in a hot, sunny
climate,” points out Rachel §. Schmeltz,
ENERGY STAR program manager. “The most
cost-effective time to install an ENERGY
Star-labeled roof product is when re-roof-
ing, constructing new buildings or main-
taining a roof by applying a coating.”

In February, the U.S. Environmental
Protection Agency (EPA) announced its
EnErGY STAR Roof Products Charter Part-
ner companies at the National Roofing
Contractors Association (NRCA) conven-
tion in Phoenix. Under the program, man-
ufacturers will be allowed to use the ENgr-
GY STAR label on reflective roof products
that meet EPA’s specifications for solar re-
flectance and reliability.

EPA’s ENERGY STAR roof specifications
are not restricted to a particular type of
roof product. However, the agency ex-
pects that initially metal roof products,
single-ply membranes and roof coatings
will be most widely available.

The agency also understands that the
primary functions of roofs — water tight-
ness, durability and longevity — cannot
be compromised. Manufacturers of ENEr-
GY-Star-labeled roof products must back
their compliant roof products with war-
ranties that are comparable to their other

roof products.

Reflective roof products can reduce
the temperature on the roof’s
surface by up to 100 degreesF.
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Air Pollution and
Urban Heat Islands

Most energy generated in the United
States relies on fossil fuels, the burning of
which creates the air pollution associated

sions and global climate change. EPA is
committed to reducing that pollution and
the reflective roofing market is one way to
improve the environment particularly in
urban areas and improve the building’s
rooftop simultaneously.

Best bets for cost-savings with
reflective roofs: buildings with
high cooling costs, large roof
surfaces, little roof insulation or
locations in hot, sunny climates.

“By reducing the amount of energy
needed to cool buildings, ENERGY STAR-la-
beled roof products help to reduce the
production of these air pollutants,” says
Schmeltz.

“Additionally, reflective roof products
can help reduce the ‘heat island effect,” a
phenomenon in which cities can be 2 to 8
degrees F warmer than the surrounding
countryside,” explains Schmeltz, “Such
heat islands occur, in large part, because
many buildings and paved surfaces are de-
signed with dark materials that absorb heat
from the sun. This heat is released at night,

causing the air temperature to remain

with smog, acid rain, greenhouse gas emis-

Do You Know Your Roof’s True Colors?

When the sun shines, roof temperatures range from
comfortably warm to egg-frying hot. The temperature of a roof
depends on how much sunlight it can reflect. Lawrence
Berkeley National Laboratory tested different roofing materials
when the ambient air temperature was 55 degrees F. Here are
the peak temperatures found by the study:

Black acrylic PAiNt .......cccuuveivsssnssinnnnnen 142 degrees F
Galvanized steel 138 degrees F
Black acrylic paint

infrared reflecting film .......cccicirninns 123 degrees F
“White” fiberglass/asphalt shingle ...118 degrees F
(lay terra cotta tile ..occovmrusnienan ... 112 degrees F
Red acrylic paint 106 degrees F
Light green acrylic paint ..........uuceunenn 104 degrees F
White acrylic paint ..... .74 degrees F
Hyper white aaylic paint ... 65 degrees F

Studies by Lawrence Berkeley National Laboratory (LBNL) and
the Florida Solar Energy Center have found considerable
variances in differing roofing materials, including single-ply
membranes, built-up roof systems, metal roofing and modified
bitumen, the types most commonly found on commerdial and
institutional buildings.

Many single-ply membranes are available in white with
reflectances of 70 to 80 percent or more. For some single plies,
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induding EPDM, a dark membrane can be combined with a
white coating to achieve the same reflectance, provided the
coating is properly applied. Built-up roofing systems (BUR) vary
widely, from 5 to 80 percent, depending on the surfacing.

For BURs surfaced with aggregate, LBNL reflectance data ranges
from 10 percent for dark aggregate to nearly 50 percent for
white marble chips. Covering dark aggregate with a white
cementitious coating can increase reflectance to 55 or 60
percent. Using a white reflective coating on a built-up roof can
yield higher reflectances of 70 to 80 percent.

Metal roof products are available with white coatings, which
raise solar reflectances to about 65 percent. In addition, other
metal roof products are available without a coating that meet
the Energy Star spedifications.

According to Florida Solar Energy Center and LBNL studies,
modified bitumen’s reflectance ranges from 5 to 25 percent, but
it is possible to increase reflectivity to about 65 percent by
adding a white reflective coating.

Concrete and day tile may be purchased in white, increasing
solar reflectance to about 70 percent, as compared to 20 to 30
percent for red tile.



For most building types, reflective
roofs will produce net savings as far
north as Chicago.

high. The resulting elevated temperature leads to an increased de-
mand for air conditioning in buildings, increased fuel use for vehi-
cle air conditioning, increased levels of smog, and associated in-
creased levels of heatrelated and smog-related health problems.
Installing reflective roofs helps reduce the heat island effect, de-
creasing the amount of smog in the air and benefiting the entire
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community.”

“The urban areas are warmer because
their dark surfaces absorb more solar heat
and because there is less vegetation,” ex-
plains Hashem Akbari, one of the principal
investigators of heat island effects at
Lawrence Berkeley National Laboratory
(LBNL). “There are two quick fixes for
summer heat islands. The least expensive
is to move toward lighter colored surfaces,
the way Mediterranean cities do. The other

is to plant shade trees — another ancient
tradition.”

“The heat island effect also causes an
increased probability that photochemical
smog will form, because smog is more like-
ly to form as the temperature increases,”
says Haider Taha, an LBNL scientist with
the Environmental Energy Technologies
Division. “Reducing the temperature of the
urban heat island could reduce the forma-
tion of photochemical smog.”
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In areas such as Los Angeles, for every
degree the temperature rises above 70 de-
grees F the presence of smog increases 3
percent. Lawrence Berkeley National Labo-
ratory scientists estimate that if all build-
ings in Los Angeles used ENERGY STAR-la-
beled roof products, the total energy and
smog-related health care savings would be
about $500 million annually.

But significant energy savings are not
restricted to southern locations, according
to LBNL researchers Akbari and Sarah
Bretz.

“In fact, about half the U.S. popula-
tion lives in heat islands.” they say. “Of
course, white roof systems will save more
in hotter climates, such as Phoenix and Los
Angeles. But for most building types, cool
roof systems will have net savings in cold-
er climates as far north as Chicago.”

Energy savings

Estimated potential savings from the
widespread use of reflective roofs are sig-
nificant in many major cities. Consider
these examples of potential annual net
cooling energy savings in a major cities
from around the nation, drawn from LBNL
data:

m Los Angeles: $35 million

® Phoenix: $37 million

u Dallas/Fort Worth: $20 million

m Houston: $27 million

= New Orleans: $9 million

m Chicago: $10 million

1 Atlanta: $9 million

= Miami/Ft. Lauderdale: $20 million

= Washington/Baltimore: $8 million

u Philadelphia: $3 million

mNew York: $16 million

1It’s clear that, when it comes to ener-
gy savings from reflective roofing, geogra-
phy is not destiny. Potential savings de-
pend on a range of factors. For example,
although Los Angeles has seven times the
population of Phoenix, it enjoys smaller
potential annual net cooling savings be-
cause it has fewer air conditioned build-
ings and less cooling energy per square
foot.

LBNL studies also show that electrici-
ty prices affect potential savings. Though
Atlanta is certainly in a much warmer cli-



mate than New York, its 8 cents per kilo-
watt hour electricity cost could yield less
savings than in New York, where electricity
costs up to 16 cents per kilowatt-hour.

“In general, the best candidates for
white roof systems in any city are buildings
with high air-conditioning bills (more than
$30 per 1,000 square feet), low insulation
levels (less than R-11 ceilings) or ducts run-
ning through the attics,” explains Bretz.
“But a cool roof system will benefit most
buildings in areas with hot, sunny sum-
mers.”

There are a few areas where reflective
roofs are not practical because their sum-
mer savings are more than offset by in-
creased heating costs in winter. Generally,
however, these locations have particularly
cold climates like that found in Minneapo-
lis or cloudy weather conditions with mild
summers as is found in Seattle and San
Francisco.

Individual energy savings depends on
many factors, including geographic location
and climate, electricity pricing, existing in-
sulation levels in the building, the type of

DURC-LAST
Energy Star labeled roof products
must carry warranties comparable
to other roof products.

roof it replaces, what type of roof is in-
stalled and how well it is kept clean and
maintained. However, in the right situa-
tions, cooling energy savings can be as high
as 50 percent, says EPA. A reflective roof al-
so can reduce peak cooling demand by 10
to 15 percent.
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“As a result, facilities executives may be able to purchase
smaller, less expensive HVAC systems,” notes Schmeltz.

But Schmeltz also cautions that normal wear and tear takes a
moderate toll on initial reflectivity. “The greatest decrease in solar
reflectance occurs within the first few years after installation,”
says Schmeltz. “In addition, flat roofs may accumulate dirt and de-
bris because rain cannot wash them clean. Following recom-
mended maintenance procedures can minimize the amount of
degradation and maximize energy savings over the life of the roof.
As part of an overall asset management strategy for protecting
yvour roof investment, building owners and facility managers
should consider implementing a routine roof inspection and main-
tenance program that includes scheduled cleaning.”

Rooftop experience

Other researchers also have found rooftop reflectivity can of-
fer substantial energy savings. In a Florida Solar Energy Center
test, eight shops in a commercial strip mall covered with a metal
roof were measured for temperature and energy use. Then the
roof over two of the shops was coated white. The following sum-
mer, energy loads in those two shops were reduced 25 percent.
However, not all metal roof products require white coating to
provide the benefits of reflectivity.

“On a typical summer day, smooth surfaces with fresh white
coatings (reflectance near 80 percent) only heat up about 10 to
20 degrees F above the ambient temperature,” explains Andre




Desjarlais, program manager for Building
Envelope Research at Oak Ridge National
Laboratory (ORNL). “Coated rough sur-
faces or weathered surfaces with re-
flectance near 55 percent heat up 30 to 50
degrees above ambient temperatures.
Some uncoated surfaces with reflectance
near 10 percent can reach temperatures
nearly 100 degrees F above ambient tem-
peratures.”

Applying white radiation control coat-
ings to existing low-slope roofs with non-
reflecting membranes has been the focus
of research during the past decade at
ORNL'’s Buildings Technology Center. For
example, the facility currently is studying
24 different coatings and coating systems
with the cooperation of several coating
manufacturers and the Roof Coatings Man-
ufacturers Association. White coatings and
aluminum and asphalt emulsion coating
types are represented in the study.

The RCMA study involves periodic
measurement of the coatings’ solar re-
flectances and infrared emittances and
continuous measurement of the thermal
performance of the coatings on instru-
mented test sections.

Long-term monitoring data on cool
roofs also is necessary. ORNL and the Na-
tional Roofing Contractors Association
(NRCA) began a project in 1991 on a roof
in the Chicago area. Results from it show
how white latex coatings, aluminum coat-
ings and asphalt emulsions available then
have performed since.

Naturally, facility executives can ex-
pect the greatest energy savings on cooling
bills when an ENErGY STAR-labeled roof
product is installed on a building with a
low or nonexistent level of roof insulation.

“However, energy-efficient buildings
should have both reflective roof surfaces
and adequate insulation,” says Schmeltz.

One notable study of the effects of in-
sulation and solar reflective roofs was con-
ducted at Tyndall Air Force Base in the
Florida Panhandle. At Tyndall, 1,500
square foot single-story concrete block
building’s annual energy use under differ-
ent situations was predicted in a Depart-
ment of Energy (DOE) 2.1E computer
model. The model of the existing building
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was calibrated against measured electrical
power used by the building.

Annual cooling energy use was esti-
mated for the building with various roof
coatings and levels of low-slope roof foam
insulation. The solar reflectances varied
from 75 percent for the fresh white coat-
ing on a smooth roof to 52.5 percent for a
weathered white coating and just 20 per-
cent for an uncoated oxidized metal roof,
Roof R-values corresponded to insulation
thicknesses of 2 inches, 1 inch and none.

‘With no insulation, the annual cooling
energy for the uncoated building was
roughly 10,000 kilowatt-hours. The weath-
ered white coating was 23 percent more
energy efficient, needing slightly less than
8,000 kilowatt-hours, while the fresh white
coating was 43 percent more efficient at a
little less than 6,000 kilowatt-hours.

With 1 inch of insulation, the uncoat-
ed roof’s annual cooling energy needs
dropped to slightly more than 6,000 kilo-
watt-hours and both the weathered and
white coating difference drops as well.
The weathered coating was now 12 per-
cent more efficient than the uncoated roof
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(needing about 5,800 kilowatt-hours) and the new white coating
was 23 percent more efficient (requiring roughly 5,000 kilowatt-
hours).

Adding a second inch of insulation to all three roof scenarios
caused the uncoated roof to dip under 6,000 kilowatt-hours for
annual cooling energy. The weathered coating performs 8 per-
cent better at conserving energy (approximately 5,200 kilowatt-
hours) and the fresh white coating performs 13 percent better
(roughly 5,000 kilowatt-hours).

“When installing a reflective roof while constructing a new
building, doing a major renovation or replacing your whole roof
system, you should consult with your roofing contractor to maxi-
mize savings by making sure the optimum level of R-value in insu-
lation is installed,” says Schmeltz.

E-mail comments to edward sullivan@tradepress.com.
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