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cool roofs

This course provides an analysis of the effect of cool or highly reflective 
roofs in reducing peak demand charges, which may account for a signifi-
cant portion of monthly electric bills in both new and existing air-condi-

tioned commercial buildings in all North American climate zones. 
For building owners, peak demand may result in monthly electricity charges 

many times higher than base rates. One of the best approaches to shrink 

BY JAMES L. HOFF, DBA, KEITH GERE, PE, BSCE,  
AnD ROBERT CARnICK, MBA
Dr. James L. Hoff, Founder of TEGNOS Research, is Research Director of the 
Center for Environmental Innovation in Roofing and a Board Member of the 
Cool Roof Rating Council and the RCI Foundation. He holds a DBA in man-
agement from the University of Sarasota and serves on ASTM Committees 
E-60, C-16, and D-09. Keith Gere, a member of the American Society of Civil 
Engineers, is Director of Engineering Services at Duro-Last Roofing, Inc. He 
earned a BSCE at the University of Toledo. Robert Carnick, Director of Mar-
keting at Duro-Last Roofing, holds a BS from the University of Michigan-Dear-
born and an MBA from the University of Michigan Ross School of Business. 

A
LL

 Im
A

G
ES

 C
O

U
RT

ES
y 

D
U

RO
-L

A
ST

 R
O

O
fI

N
G

, I
N

C
.

After reading this article, you should be able to:
+  EstimatE the potential savings achieved when 

installing a cool roof.
+  DEscribE how to achieve other business/

community benefits associated with reducing 
peak energy demand.

+  UNDErstaND the impact of insulation on 
energy savings of reflective roofing.

+  EXPLaiN how reflective cool roofs reduce typical 
energy bills, even in northern climate zones.

LEARnInG OBJECTIVES

CAN REDUCE PEAK ENERGy DEmAND

roofing systems
AIA CONTINUING EDUCATION

Non-reflective roof (top left) absorbs the majority of solar 
heat and transfers it into the building. A reflective roof 
(middle) reflects most of the sun’s heat away from the 
building. “Cool roofs” are available in single-ply mem-
branes, cool-surfaced modified asphalt systems, and 
metal roofing panels. Map (top right) shows the climate 
zones for the continental United States and Canada.
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peak demand is to reduce the heat load on a building, especially the 
solar load that drives the need for air-conditioning, through the use 
of modern cool roofing technology.

HOW OWnERS PAY FOR ELECTRICITY:      
BASE USE AnD PEAK DEMAnD
Electricity costs are composed of two distinctly different types 
of charges: base energy use, which measures (in kWh) the total 
quantity of electricity supplied for the billing period; and peak energy 
demand, which measures (in kW) the highest amount of power sup-
plied at any one time within the billing period.

Peak demand seldom occurs for more than a few hours or frac-
tions of hours during each billing period. Typically, peak demand 
charges are based on the amount of energy consumed in a specified 
period of time known as a demand interval, usually 15 or 30 min-
utes. Peak demand is calculated by taking the demand interval with 
the highest energy consumption (in kWh) and dividing by the length 
of the demand interval in hours, which leaves kilowatts (kW) as the 
unit of peak demand. 

Peak demand charges are relatively new in electricity billing, a 
legacy of disastrous electric power failures in California (2000–2001) 
and Chicago (1995) that led to prolonged heat waves, frequent 
brownouts, and even complete failure of the grid. To reduce peak 
demand, hundreds of U.S. electric utilities incorporated peak 
demand charges in their rates, especially for high-use commercial 
and industrial customers, according to the U.S. Energy Information 
Administration (http://en.openei.org/wiki/Utility_Rate_Database).

What many commercial and industrial building owners don’t know 
is that peak demand charges may account for a significant portion 
of electrical costs. Reducing peak demand through energy-efficient 
building design and operating strategies—including cool roofs—can 
help reduce these costs.

HOW TO REDUCE PEAK EnERGY DEMAnD 
Peak energy demand for commercial buildings usually occurs in the 
late afternoon, when building heat loads tend to crest. Equipment 
use—computers, copying machines, and other office equipment—
adds to that demand, as do excessive levels of indoor lighting 
(hence the growing interest in daylighting and the use of more-effi-
cient light fixtures, such as LEDs).

The main culprit in pushing up peak demand is the spike in air-
conditioning loads on hot afternoons. These loads may be reduced by 
improving the efficiency of air-conditioning systems or simply by turning 
up the thermostat. However, peak demand for air-conditioning also may 
be addressed by reducing the impact of climate-related thermal loads 
on the building—specifically, by installing additional wall and roof insula-
tion and thermally efficient doors and windows. But a certain amount 
peak air-conditioning demand is related to the direct rays of the sun 
rather than outdoor ambient air temperatures. Reducing solar loads by 
reflecting solar heat away from the building may offer one of the best 
ways to reduce peak electricity demand in commercial buildings. 

Reflective or “cool” roofs have proven to be an effective technology to 

reduce solar loads in buildings. Cool roofs use a highly reflective surface 
to direct a significant portion of heat from the sun away from the build-
ing. Unlike a dark or non-reflective roof surface that absorbs and trans-
fers solar heat into the building, a light-colored, reflective roof surface 
reflects solar heat away from the building and into the atmosphere. 

Cool roofs are available in a wide variety of roofing technologies, 
including single-ply membranes, cool-surfaced modified asphalt sys-
tems, metal roofing panels, and a wide variety of roof coatings that 
may be applied to numerous types of roofing surfaces. However, for 
any of these roofing products to be “cool” by today’s standards, the 
minimum percentage of solar heat reflected away from the build-
ing typically falls within a range of 0.50–0.70 (50-70%), depending 
on the standard being applied and the aging of the sample tested. 
Table 1 summarizes these new and aged reflectance percentages 
for the most-recognized building codes and standards.

DEALInG WITH PEAK DEMAnD: IT’S nOT 
JUST A WARM-CLIMATE PROBLEM
To better understand the benefits of cool roofs in reducing peak 
energy demand, researchers at Oak Ridge National Laboratory 
examined the seasonal variation in peak air-conditioning demand for 
different climates across North America. Their findings suggest that 
even though base cooling demand may be higher in hot climates 
than in cooler climates, almost all climates exhibit a seasonal varia-
tion in the peaks for roof-related air-conditioning demand. Figure 
1 compares this seasonal trend for a hot, cooling-oriented climate 
(Phoenix) and a cold, heating-oriented climate (Minneapolis).

Although demand for air-conditioning in Phoenix is higher and more 
consistent compared to Minneapolis, demand falls off at the begin-
ning and end of the year for both cities, with a substantial portion of 
peak demand occurring from April to September. This suggests that 
it may be possible to reduce peak demand in both cities using cool 

Although stated as a percentage in this table, roof reflectivity is typi-
cally expressed as a ratio in reference standards. Initial values shown 
are based on measurements of roofing material as manufactured, while 
aged values shown are based on measurements after field exposure of 
test samples. Roofing manufacturers typically identify the reflectivity of 
their products in technical data sheets and brochures. In almost all cases, 
these measures of roof reflectance are based on standards developed 
by EPA’s EnergyStar program (http://www.energystar.gov/productfinder/
product/certified-roof-products/) and the ANSI/CRRC-1 cool roof stan-
dard (http://coolroofs.org/products/results) developed by the Cool Roof 
Rating Council. The EPA and the CRRC maintain online databases of the 
initial and aged reflectivity of many roofing products.

TABLE 1
Current Cool roof refleCtanCe StandardS

Reference standard
Minimum roof reflectance

Initial Aged

International Energy Conservation Code (2012) 0.70 0.55

ASHRAE 90.1 Energy Standard for Buildings (2011) 0.70 0.55

Energy Star for Roofs (U.S. EPA, 2012) 0.65 0.50

California Title 24 Energy Standard (2012) n/a 0.63

roofing systems
AIA CONTINUING EDUCATION
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roofing technologies. In fact, a recent study of cool roofs and peak de-
mand costs suggests that the potential for roof-related peak demand 
savings for hotter cities like Phoenix and colder cities like Minneapolis 
may be approximately identical. Figure 2 illustrates the comparative 
base energy and peak demand savings for the seven major climate 
zones in the United States identified in this study.

HOW TO ESTIMATE PEAK DEMAnD SAVInGS 
The DOE’s Oak Ridge National Laboratory has developed an online 
calculator specifically designed to evaluate peak demand and cool 
roofs. The Cool Roof Peak Calculator provides a fast and easy way 
to compare the energy costs and savings for a wide variety of roof 
and building conditions for over 200 cities in North America. Unlike 
some energy calculators that model steep-slope residential roofs 
with attics, the Cool Roof Peak Calculator models the typical low-
slope commercial roof with insulation placed directly over the deck 
and under the roofing membrane. 

To obtain the maximum benefit from the calculator, you must identify 
the following attributes and conditions:

1.  Building location
2.  Proposed roof R-value
3.  Proposed roof reflectance
4.  Proposed roof infrared emittance
5.  Basic energy costs
6.  Equipment efficiencies
7.  Electricity demand charges and duration

fIGURE 1
Peak demand in two rePreSentative u.S. CitieS

fIGURE 2
baSe uSe/Peak demand SavingS by Climate zone

Ratio of monthly to annual peak in roof-related air-conditioning demand.

Roof-related base use and peak demand savings in eight climate zones.

how to use 
the doe Cool roof Peak CalCulator 
To obtain the maximum benefit from the DOE Cool Roof Peak Calculator, you 
must identify the following building attributes and conditions:
1.   Location. Select a U.S. state or Canadian province; then select the clos-

est city from the list provided.
2.   Proposed roof R-value. For users familiar with energy codes, the roof 

R-value may be estimated based on the age of the roof or building. Oth-
erwise, a “high,” “average,” or “low” insulation R-value may be specified.

3.   Proposed roof reflectance. Roof reflectance for a specific roofing prod-
uct may be obtained from manufacturer data sheets or the Energy Star or 
Cool Roof Rating Council websites. The calculator also provides sugges-
tions for high, average, and low roof reflectance values.

Note: Aged reflectance value should be used in order to accurately estimate 
the long-term ability of the roof to reflect solar energy.
4.   Proposed roof infrared emittance. A roofing product’s roof emit-

tance—a measure of the amount of solar energy absorbed into the roof 
but eventually transmitted back to the atmosphere—may be obtained 
from manufacturer data sheets or the Energy Star or CRRC websites. 
The calculator also provides suggestions for high, average, and low roof 
reflectance values.

Note: The values shown in the calculator may provide a much wider range 
than are found in most low-slope roofing membranes. Typically, the thermal 
emittance of common single-ply and asphaltic roof coverings runs from 
0.75 to 0.90.
5.   Base energy costs. The calculator assumes that the building is being 

heated in winter and cooled (by electricity) in summer, but you must stip-
ulate the types of fuel used to heat and cool the building. You must enter 
the “summertime” cost of electricity in $/kWh, which is identical to the 
base use rate. (Note: The peak demand charge for electricity is entered 
later in the calculation.) Next, enter the type of fuel (electricity, natural 
gas, or fuel oil) used to heat the building and the wintertime cost of the 
fuel. In the case of electricity, the cost (in $/kWh) is the same as the base 
use rate as determined from an electric bill. For natural gas and fuel oil, 
the cost is measured in therms. 

6.   Equipment efficiencies. Enter the efficiency for the air-conditioning 
and heating equipment used in the building. Suggested efficiencies are 
provided in the calculator instructions.

7.   Electricity demand charges and duration. Enter the peak demand 
charge for the building (in $/kW) as determined from a recent electric bill. 
Finally, enter the duration of the peak air-conditioning season for the build-
ing (typically a six-month peak cooling season, April to September).

The final calculation provides the estimated energy savings of a cool roof vs. a 
black roof, taking into account peak energy demand as well as base electricity 
use. Although net energy savings are important in warmer climates, peak energy 
savings are important across all climate zones, as they account for 40–100% of 
total energy savings available. There are total energy saving opportunities with 
the use of cool roofing across climate zones one through seven.
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A more detailed explanation is provided in the box on page 61.
Based on the information you provide, the calculator will produce 

an estimate of the total roof-related energy and demand savings for 
the building and roof system selected. It will further break down the 
total cost into three components:

1 -  Cooling energy savings. This includes total air-conditioning 
savings from base use and peak demand reductions.

2 -  Heating energy savings/Heating penalty. This amount 
includes any changes in overall heating costs due to the cool 
reflective roof. This estimate helps account for any heating 
losses incurred in winter when solar radiation that could help 
heat the building is reflected back into the atmosphere.

3 -  Cooling season demand savings. This is an estimate of the 
reduction in peak demand charges due to roof reflectivity. The 
amount shown is included in the cooling energy savings previ-
ously identified.

The calculator provides costs in $/sf of roof area. To estimate 
annual cost savings for the entire building, multiply this factor by the 
total square footage of roof surface area. 

Important: The DOE Cool Roof Peak Calculator is designed to 
compare the total roof-related net energy costs for a cool roof with a 
reflectivity as specified by the user to that of a black roof with a solar 
reflectance of 0.05 (5%). To compare two cool roofs with different 
reflective ratings, run separate calculations on each roof and then 
manually compute the difference in savings between them.

WHAT THE CALCULATOR REVEALS ABOUT 
BASE USE AnD PEAK DEMAnD SAVInGS
At this point, we can examine in greater detail what the calculator 
may reveal about base use and peak demand savings. By applying 
conservative assumptions as to construction and cost conditions for 
a wide range of locations and buildings across North America, it may 
be possible to develop a portrait of peak demand and cool roofs in 
the U.S. and Canada. This course provides a climatic analysis for a 
typical cool roof versus a black roof using the following parameters 
applied to the Cool Roof Peak Calculator:

Climate zones and 
representative cities. 
Current energy codes di-
vide the U.S. and Canada 
into eight primary climate 
zones, from warmest 
(Zone 1) to coldest (Zone 
8). Within each zone, 
demand for heating and 
air-conditioning tends to 
fall within a relatively nar-
row range.

Representative com-
mercial building. A low-
rise structure of one or 
two stories with a flat roof 

area of 20,000 sf, cooled with an electric air-conditioning system 
(coefficient of performance = 2.0) and heated with a natural gas-fired 
furnace (efficiency rating = 70%), was assumed.

Roof insulation (R-value) level. Two insulation conditions were 
selected for comparison purposes. “New insulation” assumes that the 
existing roof is completely removed and replaced with a new roofing 
system whose R-value levels meet the latest energy code require-
ments. “Old insulation” assumes that the existing roof and insulation 
is simply covered over with a new roofing membrane having no ad-
ditional R-value.

Because the amount of roof insulation used in buildings varies by 
climate zone, lower levels of insulation were assumed for the warmer 
climates, higher levels for colder climates. Since code-mandated 
insulation levels have risen over the past decade, separate insulation 
levels were applied to the old and new insulation conditions. For “old 
insulation,” R-value levels were based on the 2006 version of the In-
ternational Energy Conservation Code; for “new insulation,” R-value 
levels were based on 
the 2012 edition (see 
Table 3).

Roof reflectance/
emittance. The long-
term reflectance of 
most cool roofs tends 
to fall within a relatively 
narrow range (0.55–
0.63) for minimum 
aged reflectance (Table 
1). The cool roof mod-
eled in the analysis is 
based on a mid-range 
reflectance of 0.60. 
Because the Cool Roof 
Peak Calculator au-
tomatically compares 
this cool roof to a black 
roof (reflectance = 
0.05, emittance = 0.90), an emittance value of 0.90 also was selected 
for the cool roof. 

Base use and peak demand charges. The analysis assumes a 
base use rate of $0.033/kWh and a peak demand charge of $20.10/
kW across all eight climate zones, and a rate of $0.70/therm for 
natural gas.

Using these assumptions and values, estimated base use and peak 
demand savings for a typical 20,000-sf commercial building in all eight 
climate zones were calculated using the DOE calculator. For each 
climate zone, two different roof conditions were examined. The first 
set of calculations compared a cool roof against a black roof installed 
over new roof insulation meeting the most recent energy code R-value 
requirements (Figure 3). The second set of calculations compared the 
same cool and black roof installed over existing (old) roof insulation 
meeting an earlier version of the energy code (Figure 4).

TABLE 2
u.S./Canada Climate zoneS 
Climate 
zone

Representative
city/cities

1 Miami

2 Houston, Phoenix

3 Atlanta, Dallas

4 St. Louis, Baltimore

5 Chicago, Pittsburgh

6 Milwaukee, Minneapolis

7-8 Duluth, Minn.

The eight U.S./Canada climate zones as 
defined by the International Energy Con-
servation Code and ASHRAE-90.1, with 
representative cities in each zone. TA
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Climate 
zone

Roof R-value

Old insulation 
condition*

New insulation 
condition**

1 10 20

2 15 20

3 15 20

4 15 25

5 15 25

6 15 30

7-8 15 35

*Per 2006 International Energy Conservation Code
**Per 2012 International Energy Conservation Code

Table 2 shows old and new roof R-values 
across the eight U.S./Canada climate zones, 
based on the respective IECC version.

TABLE 3
old and new r-valueS          
by Climate zone

roofing systems
AIA CONTINUING EDUCATION



www.BDCuniversity.com BUILDING DESIGN+CONSTRUCTION APRIL 2015 63  

THE BOTTOM LInE: COOL ROOFS              
AnD PEAK EnERGY DEMAnD
Savings in all climates and conditions. The total value of base sav-
ings plus peak energy savings offered by a cool roof averages more 
than $1,000 a year in most climate zones for a typical commercial 
building, either under “old” or “new” levels of insulation. These findings 
lead to the conclusion that cool roofs may offer a significant opportu-
nity for net energy savings even at the highest levels of roof insulation 
mandated by the latest building codes. The savings value of cool 
roofs is further reinforced because modern cool roofing membranes 
frequently cost no more that darker non-cool roofs. As a result, all of 

the savings identified in the analysis tend to drop to the bottom line, 
with no additional cost encumbrances.

Cool roofs and insulation level. Differences in the level of new 
versus old insulation appear to have a significant effect on the 
amount of base use savings. In most cases, base use savings us-
ing the lower R-value levels of old insulation are reduced by half or 
more by the addition of the higher R-value levels of new insulation. 
However, this condition does not appear to hold for peak demand 
savings. In most cases, the savings available using either old or 
new insulation levels appears to be significant for all climate zones. 
Therefore, it appears that significant reductions in peak demand cost 
cannot be achieved simply by increasing insulation levels without 
also installing a cool roof covering. 

Peak demand drives the savings. One of the most striking results 
from this analysis is that the estimated savings from reducing peak 
energy demand provide most of the net energy savings throughout all 
climate zones studied—over 50% of total savings in the warmest cli-
mate zones, up to 100% in the coldest climate zones. Moreover, while 
base use savings tend to vary widely by climate zone, peak demand 
savings tend to be more significant and consistent for all eight climate 
zones. Thus, the analysis clearly suggests that any estimate of cool 
roof savings that neglects to include peak demand reduction has little 
chance of being accurate.

Effect of fuel selection on net energy savings. Natural gas 
forced air was selected as the heating system in these calculations. 
If electric resistance heat or an electric heat pump were selected, 
the base use savings (in yellow in Figures 3 and 4) would decrease 
slightly due to a higher winter heating penalty applied to the electric 
heating system. If an oil-fired furnace were selected, the base use 
savings would increase slightly due to the higher cost of heating oil 
compared to natural gas. However, the peak demand savings (in red 
in Figures 3 and 4) would remain the same regardless of the heating 
system and fuel source selected.

There are potential savings available in all climates and conditions 
studied for Zones 1 through 8. This applies to new roofs or roof re-
covers and with all levels of roof insulation. Peak demand drives the 
potential savings with over 50% in all climate zones and up to 100% 
in the coolest climate zones

Build the calculator results into your roof designs. Base new roof 
and roof recover designs on total base and peak energy modeling. 

Get to know your clients’ electrical bills. There are no substitutes 
for actual bills. Calculate actual base and peak charges. Don’t sim-
ply divide the total bill by kWh usage.

Finally, use the DOE Cool Roof Peak Calculator. Don’t rely on tools 
that only use a single average rate in lieu of base and peak rates.

fIGURE 3
energy SavingS: Cool roof over old inSulation

fIGURE 4
energy SavingS: Cool roof over new inSulation

Estimated net energy savings for a cool roof installed over existing insula-
tion, in annual dollars over a 20,000-sf roof area, based on the 2006 IECC.

Estimated net energy savings for a cool roof installed over new insulation, 
in annual dollars over a 20,000-sf roof area, based on the 2012 IECC.

>  EDITOR’S NOTE
This completes the reading for this course. 
To earn 1.0 AIA CES HSW learning units, study the 
article carefully and take the exam posted at  
www.BDCnetwork.com/PeakDemand.


