Energy Efficient
ROOF DESIGN

This Walgreens
in Marathon, Florida
has a cool roof supplied
by Stevens Roofing Systems.

S

uccessful roof asset management relies on disciplined pre
ventative maintenance to maximize the service life and,
ultimately, a well thought out replacement design. When
reroofing becomes necessary, the design professional may rec
ommend technology that has a “turn of the century” legacy or
materials that became popular since the 1960s. There is no sin
gle solution that meets the complicated matrix of performance
options each project will require. Therefore, a tradeoff of fea
tures must be considered that most closely meets the designer’s
goal.
When discussing the process a designer uses to select the
most appropriate roof system, one quickly sees how issues of
slope, foot traffic, deck type, regulatory compliance, maintain
ability, and personal experience drive the thought process.
Designers have not had to creatively contend with energy effi
ciency since the oil embargoes of the 1970s. That shock quickly
resulted in each state developing an energy conservation guide
line for all structures that were heated and/or mechanically
cooled. Code compliance was complicated by a “patchwork
quilt” of state energy code mandates.

Industry and Government Energy
Conservation Programs
Leadership in building energy conservation has come slowly
since the first energy shocks from manufactured oil shortages.
However, there have been several important efforts that, when
taken together, begin to form a national policy. Work by the
Department of Energy and Environmental Protection Agency
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has resulted in the Energy Star® Program. The American
Society of Testing Materials (ASTM) is developing a Solar
Reflectivity Index of common building materials. Cool
Communities and NASA have raised the Urban Heat Island issue
and offered suggestions for its mitigation. The three Model
Building Codes have adopted a de facto National Energy Code.
Other work focuses on environmental issues in the use of
white and black roof surfaces. The Urban Heat Island is a condi
tion in urban areas where the temperature in the developed city
center is up to 6 degrees warmer than the surrounding forested
rural areas. Dark construction materials absorb the sun’s energy
and convert it into heat. That heat energy is radiated back into
the neighborhood, increasing cooling costs and adding to air
pollution problems.

The National Energy Code
The ASHRAE 90.1 standard, entitled “Energy Standard for
Buildings, Except LowRise Residential Buildings,” was developed
in 1972 to serve as an energy standard for the design of commer
cial buildings. It specifies the minimum requirements for the
envelope, lighting, HVAC, and service water heating compo
nents. The intent is to implement a single standard that covers
nationwide construction. The standard also allows for design
tradeoff of envelope components to meet the total energy effi
ciency of the structure. In other words, if walls are not in com
pliance because of increased window treatments, the roof
efficiency can be increased to bring the structure into compli
ance.
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A multiresidence structure in Key West, Florida, shows use
of high reflectivity materials by Stevens Roofing Systems.
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The Energy Policy Act of 1992 (EPACT)
requires all states to adopt an energy code at least
as stringent as ASHRAE 90.1. Under the terms of
EPACT, the Department of Energy will undertake
its own analysis of the revised 90.1 standard to
determine if the federal government should adopt
the equipment efficiency levels specified therein
as national levels for covered products.
The 90.1 standard has generally increased the
amount of roof insulation when compared with
the older state energy codes. In Atlanta, for exam
ple, the old Georgia State Code was met using an
R10 roof assembly, while the ASHRAE standard
requires an R13.85.

ASHRAE 90.1 1999 Standard
The ASHRAE standard is meant to be a living
document, undergoing periodic revisions since its
1972 introduction. The 1989 revision has under
gone a substantial review and benefited from an
extended period of public comment. It was voted
out of committee in 1999 and accepted by
ASHRAE that same year. The document was pub
lished and released to the public in February of
2000. Among the more important roofingrelated
revisions are:
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• Application to building additions and renovations.
• A simplified building envelope section.
• High albedo roof treatments and insulation tradeoff.
A high albedo roof, typically white in color and smooth
surfaced, reflects most of the sun’s energy from the structure
before it is converted into heat energy.

Existing Buildings
One of the more significant adjustments in the 1999 version
was the change in scope of Standard 90.1 to include modifica
tions made to existing buildings. This change was made to
ensure that the requirements for modifications to existing build
ings were the same as for new buildings. The project committee
recognized that, in many code jurisdictions, Standard 90.1 was
already being applied to existing buildings. The committee con
sidered the impact of this change and worked with consulting
engineers and user groups to craft appropriate language for all
alterations and additions.

Envelope
The envelope section was completely revised and now con
tains all of the minimum requirements for both opaque surfaces
and fenestration in one table for each of the 26 specific climate
zones. This represents a major simplification for the envelope
criteria. The criteria have been expanded to include additional
assemblies. For the first time, Standard 90.1 contains a true pre
scriptive option that does not require calculation on the part of
the designer. Precalculated assemblies are included in Appendix
A, and the designer can select the appropriate Rvalue for the
insulation to show compliance. Of course, calcula
tions may still be done to establish the Ufactor for
a specific assembly if the designer so desires.

Design Options

savings continued when the roof became dirty. The Department
of Energy and numerous research laboratories confirm the sav
ings are real and can be of longterm benefit.
In nonresidential construction, most roof selection decisions
are made by absentee owners. Since by definition an absentee
owner doesn’t benefit from reductions in cooling energy costs,
the installed cost drives most decisions. Because the use of a
white roof treatment is typically more expensive than blacksur
faced roofing, the absentee owner was discouraged from using
high albedo roofing by its slightly higher installed cost. Standard
90.1 1999 allows designers to reduce the cost of insulation when
a high albedo roof is installed, thus reducing the installed cost.
The 90.1 standard acknowledges both insulation and surface
color as effective energy conservation tools.
Reductions in roof insulation Rvalue may be taken for pro
jects in locations that have a relatively mild winter. The 90.1
1999 standard establishes the threshold of 3600 Heating Degree
Days (base 65) as the baseline for designers reducing the amount
of insulation used in high albedo roof assemblies. These loca
tions have the primary utility costs in mechanically cooling the
structure during summer, not in winter heating. The expression
“Heating Degree Days” is a measurement of the severity of win
ter.
Figure 1 shows the four Climate Zones where a reduction can
be made in the insulation used in high albedo roof assemblies.
The adjustment is the allowable increase in the Uvalue of the
roof assembly. An increase in the Uvalue is the same as a reduc
tion in the Rvalue of the roof assembly. (Uvalue is the recipro
cal of the total Rvalue of the assembly.)

TYPICAL INSULATION REDUCTION

Heating Degree

Representative City

For the first time the designer can use the solar
Day Range
for Each Climate Zone
Adjustment
reflectivity of the roof surface (in addition to insu
lation Rvalues) to comply with Sunbelt energy
0900
Miami, FL
23%
code requirements. This approach was first enacted
9011800
San Diego, CA
17%
in the 1995 Georgia White Roof Amendment to
the ASHRAE 90.1 1989 standard.
18012700
Dallas, TX
15%
Since most cooling costs are associated with
electric fuel and the most common heating fuel is
27013600
Atlanta, GA
12%
natural gas, high albedo roofs show an economic
benefit in northern climates. On a costperBTU
Figure 1
basis, electric fuel can be five times the cost of nat
ural gas. It is in the Sunbelt that a combination of
high albedo roof surfaces and roof insulation has been shown to
Designing for Energy Efficiency
be most effective. High albedo roofing lowers cooling energy
costs and can mitigate Urban Heat Island conditions. Insulation
The ASHRAE 90.1 1999 standard sets the stage for more
can maintain a comfortable interior temperature during winter
sophisticated designs of roof assemblies, allowing the most effi
months and cool nights.
cient combination of surface color and insulation to achieve
The 90.1 1999 Standard builds on the Georgia amendment
either installed cost savings or operating cost savings. Fine tun
by extending it across the southern region of the country. By
ing the roof design allows the requirements of an absentee owner
codifying the benefits of a high albedo roof treatment, two
to be met while the occupant benefits from lower operating
important issues are settled: energy savings produced by the
costs.
solar reflectivity of roofing are proven to be real, and the savings
The May 1995 issue of Interface journal contained an article
have been quantified.
titled “Energy Efficient Roof Design” that proposed a methodol
Perhaps the most frequently asked question was whether the
ogy for making roof energy analysis. This protocol can be used
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to estimate the installed and operating costs for roofing in the
different ASHRAE climate zones. A comparison can be made
between identical roof assemblies that have black and white sur
faces. The analysis can determine how much additional insula
tion Rvalue is required under a blacksurfaced roof to make it
equal in energy efficiency to a white roof. A black roof was con
sidered as the “baseline” condition, and added costs for lighten
ing the roof’s color had to be calculated.

COST FOR COLOR
AND INSULATION RVALUE
$ Insulation
cost/R s.f.

Product Type
Expanded polystyrene (1 pcf)

0.02

Isocyanurate

0.04

Extruded polystyrene

0.05

Wood fiber

0.07

Glass fiber

0.09

Perlite

0.09

$ Cost of Lightening Color s.f.
White membrane

0.15

Gravel in bitumen flood coat

0.30

White acrylic coating

0.50
Figure 2

The suggested methodology for examining the economic
tradeoff is as follows:
1. Calculate the estimated cost for two identical assemblies
where the only variable is the surface color of the roofs.
The ASHRAE 90.1 1999 standard Rvalues are used for
the roof assembly.
2. Determine how much additional Rvalue would be neces
sary in the darksurfaced roof assembly to provide equiva
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lent energy efficiency to the lightersurfaced roof.
3. Calculate the cost of the additional Rvalue needed as
part of the darksurfaced roof. Calculate the cost of a
light color for the white system. Refer to Figure 2 for esti
mated costs or use local market costs for greater accuracy.
4. To determine the job cost, multiply the costperR or the
added cost for a white surface by the roof area. The cost
difference provides an estimated savings for insulation vs.
color.
5. A financial analysis can complete the review by examin
ing the Return on Investment (ROI), Net Present Value
(NPV), or other recognized financial modeling technique.

Assumptions for the Energy Analysis
If we consider a new construction project and compare a
whitesurfaced roof to the same assembly with a blacksurfaced
roof, the impact of color on heating and cooling costs can be
evaluated. The Uvalue of the roof assembly is based on the 90.1
standard for each location. The following factors are used in the
analysis:
1. 50,000 sf (4,647 sm) roof area
2. 10year analysis term
3. 75ºF (24ºC) inside air temperature
4. 70ºF (21ºC) inside winter temperature
5. $0.10 per KWH cost of electricity for cooling
6. $ 0.58 CCF (hundred cubic feet) cost of natural gas for
heating
7. Five percent yearly inflation rate in energy costs
8. White roof reflectivity stabilizes at 60%, and the black
roof stabilizes at 30% after the first year
9. Roof insulation Rvalue is one component in the total
Rvalue for the roof assembly
The following examples for a building located in Miami,
Florida (Figure 3), and Atlanta, Georgia (Figure 4), show Rvalues
for roof insulation and surface color according to the 90.1 1999
Standard. The first energy cost column uses the same insulation
Rvalue for a white and black roof and shows the energy cost
difference. The second energy cost column shows the change in
energy cost savings by taking the insulation tradeoff allowed by
the ASHRAE standard, comparing a white and black roof. Note
the high albedo roof shows cost savings in each condition.
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MIAMI, FLORIDA COMPARISON
Detail

Insulation RValue

Black*

12.22

White

12.22

Energy Cost**

Adjusted R

Energy Cost

$197,788

12.22

$197,778

$100,188

9.15

$130,166

Savings

$97,600

$67,612

* The energy analysis determined that the blacksurfaced roof needs an additional R12.98 (R25.2 total) to make it equivalent
in energy efficiency with a whitesurfaced roof in Miami, Florida.
**10year energy cost
Figure 3

ATLANTA, GEORGIA COMPARISON
Detail

Insulation RValue

Energy Cost**

Black*

12.78

$108,103

12.78

$108,103

White

12.78

$72,972

11.11

$182,952

Savings

Adjusted R

$35,131

Energy Cost

$25,151

* The energy analysis determined that the blacksurfaced roof needs an additional R6.68 (R19.46 total) to make it equivalent
in energy efficiency with a whitesurfaced roof.
**10year energy cost
Figure 4
Economic Analysis White vs. Black Over R13.33 Roof
Assembly (Inside Air to Outside Air)
MIAMI
12.98
Added insulation Rvalue needed under
black roof
x 0.04
Cost per R for isocyanurate insulation
$ 0.52
Cost per sf for added insulation
x 50,000
Square foot of roof area
$25,950
Total cost for added isocyanurate insulation
under the black roof

Economic Analysis White vs. Black Over R13.33 Roof
Assembly (Inside Air to Outside Air)
ATLANTA
6.68
Added insulation Rvalue needed under
black roof
x 0.04
Cost per R for isocyanurate insulation
$ 0.27
Cost per sf for added insulation
x 50,000
Square foot of roof area
$13,350
Total cost for added isocyanurate insulation
under the black roof

$0.15
x 50,000
$7,500

Cost per sf for white surface membrane
Square foot of roof area
Total cost for white surface membrane

$0.15
x 50,000
$7,500

Cost per sf for white surface membrane
Square foot of roof area
Total cost for white surface membrane

$25,950
 7,500
$18,450

Total cost for added isocyanurate insulation
Total cost for white surface membrane
Estimated savings with a white, highalbedo
roof over a tenyear term

$13,350
 7,500
$5,850

Total cost for added isocyanurate insulation
Total cost for white surface membrane
Estimated savings with a white, highalbedo
roof over a tenyear term

In Atlanta, the energy analysis still shows savings using a
high albedo roof; however, the summer vs. winter condition is
not as dramatic as in the Miami example. The savings are small
er, and the additional insulation needed to make the black and
white roofs equivalent in energy efficiency is less than in the
Miami example. This trend continues as the examples are cited
in increasingly cooler climates.
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Analysis Results
The economic impact in each design results in cost savings
using high albedo roofing. When ASHRAE 90.1 1999 insulation
adjustments are taken with the high albedo roof, there is an
operating cost savings to the occupant, and the absentee owner
reduces the installed cost of the roof system.
In Atlanta, the owner can eliminate approximately 50 percent
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of the cost difference between the whitesurface, highalbedo
roof and the blacksurface roof. The Miami adjustment elimi
nates approximately 80 percent of the cost difference. The ener
gy cost savings result because the cost of cooling is up to five
times greater than the cost of heating, on a BTU basis.

Summary
The analysis protocol used in this article is intended to exam
ine the economic comparison of white, highalbedo roofs and
blacksurface roofs. In the Sunbelt, a balanced combination of
high albedo roof treatment with insulation Rvalue can provide
significant economic benefits for both owner and occupant. The
new ASHRAE 90.1 1999 Standard allows the design of the roof
assembly to benefit both parties while maintaining code compli
ance. ■
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