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C o n s e r v i n g
energy

Codes dictate minimum R-values by region



Y
ou understand a building’s roof assembly 

serves an important role in improving the build-

ing’s overall energy efficiency and reducing building owners’

heating and cooling costs. However, you may not realize

codes mandate minimum thermal insulation requirements

for the energy efficiency of most buildings and, in some 

instances, these minimum R-values may be more than you

are accustomed to providing.

by Mark S. Graham



Figure 1: A U.S. climate zone map

Energy codes

Energy conservation codes usually are
adopted by states and apply to all build-
ings in a state. Most states have adopted
one of several editions of the International
Energy Conservation Code (IECC), pub-
lished by the International Code Council
(ICC), to serve as the technical basis of their
energy codes. In some instances, states mod-
ify IECC to address specific regional or local
issues.

In several instances, jurisdictions or
cities may adopt an energy code that is
different from the state-adopted code. 
For example, Chicago has developed and
maintains an energy conservation code
that is somewhat different from Illinois’
state energy conservation guidelines.
However, Chicago’s energy conservation
code still is loosely based on IECC. 
Information about energy code applica-

bility is best verified on a state and juris-
diction basis. ICC has a limited amount of
energy code adoption information avail-
able on its Web site, www.iccsafe.org. The
Department of Energy’s (DOE’s) Building
Energy Codes Program has useful informa-
tion on its Web site, www.energycodes.gov,
regarding states’ energy code adoptions.
And NRCA’s Web site, www.nrca.net, 

IECC provides specific requirements for
the energy efficiency of commercial build-
ings in Chapter 5—Commercial Energy
Efficiency. Chapter 5 provides two meth-
ods of determining buildings’ minimum
insulation requirements: the use of specific
tables within the code or compliance with
ASHRAE 90.1, “Energy Standard for
Buildings Except Low-Rise Residential
Buildings” building envelope provisions.
ASHRAE 90.1’s 2004 edition applies to
IECC 2006, and ASHRAE 90.1’s 2007
edition applies to IECC 2009.
IECC and ASHRAE 90.1 base their

minimum R-value requirements on the
climate and geographic location in which
the building being considered is located.
For this purpose, the U.S. is divided into
eight climate zones. A U.S. climate zone
map is shown in Figure 1.
IECC’s and ASHRAE 90.1’s roofing-

related provisions also are based on three
roof construction configurations: insula-
tion entirely above deck, metal buildings
and attic, and other.
Using IECC’s Table 502.2(1)—Building

Envelope Requirements—Opaque Assem-
blies, specific minimum R-values are pro-
vided for each climate zone and roof con-
struction configuration. 

ASHRAE 90.1 method

Using ASHRAE 90.1, designers can
demonstrate compliance by the prescrip-
tive building envelope method, building
envelope trade-off option or energy cost
budget method.
Using ASHRAE 90.1’s prescriptive

method for determining roof assemblies’
minimum R-values is largely similar to the
process used in IECC; however, the results
may not be the same. Once the climate
zone in which a building is located is iden-
tified, the specific minimum required R-
value can be determined using ASHRAE
90.1’s Table 5.5—Building Envelope Re-
quirements, taking into consideration the
roof construction configuration.
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provides additional information about
state and jurisdiction code adoptions.
Because IECC’s 2006 or 2009 editions

serve as the basis for most energy codes 
in the U.S., I will focus on these energy
codes and their requirements for commer-
cial buildings as defined by IECC.

IECC

IECC’s 2006 and 2009 editions apply to
all residential and commercial buildings

that are not addressed by the Interna-
tional Residential Code for One- and
Two-family Dwellings (IRC). IRC con-
tains energy-conservation requirements
that specifically apply to one- and two-
family dwellings.
IECC defines residential buildings as 

R-3 buildings and R-2 and R-4 buildings
that have three or fewer stories above grade.
The R designation includes residential oc-
cupancies where buildings contain multi-
ple sleeping units. Specific definitions 
are provided in Section 310—Residential
Group R of the International Building
Code.
IECC defines commercial buildings as

all other buildings that are not included in
IECC’s definition of “residential buildings”
or addressed by IRC.



Figure 2: Required minimum R-values for roof assemblies with insulation entirely above roof decks
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Additional information about energy code compliance, tables addressing minimum R-values
for metal buildings and attics and other roof construction configurations, and links to ICC
and ASHRAE are available by accessing www.professionalroofing.net.

In Climate Zones 1, 2 and 3, ASHRAE
90.1’s prescriptive method also allows for
reducing a roof assembly’s minimum re-
quired R-value if the roof assembly’s sur-
face has a high albedo (high reflectivity
and emittance). The specific minimum
thresholds of solar reflectance and thermal
emittance allowable for this R-value re-
duction vary slightly between ASHRAE
90.1’s 2004 and 2007 editions and are de-
scribed in ASHRAE 90.1-04’s Exception
to 5.5.3.1 and ASHRAE 90.1-07’s Section
5.5.3.1.1—High Albedo Roofs.
Using ASHRAE 90.1’s building envelope

trade-off option and energy cost budget
method involves analyzing the whole
building being considered. NRCA consid-
ers these approaches to be beyond the ex-
pertise (and level of patience) of most roof-
ing professionals. For this reason, NRCA
suggests ASHRAE 90.1’s building envelope
trade-off option or the energy cost budget
method only be performed by building
mechanical engineers or energy manage-
ment professionals who are experienced
using ASHRAE 90.1. In some instances,
using these methods may result in lower

or higher minimum R-values for roof as-
semblies than ASHRAE 90.1’s prescriptive
building envelope method would provide.

Comparing values

Minimum R-values for roof assemblies in-
stalled with insulation entirely above the
deck are provided in Figure 2. 
Figure 3 provides ASHRAE 90.1’s min-

imum R-values in Climate Zones 1, 2 and
3, taking into consideration the permitted
R-value reduction for roof coverings’ high
reflectivity and emittance. 
Review of Figure 2 reveals IECC 2006’s

and IECC 2009’s minimum R-values are
similar for Climate Zone 1 and Climate
Zones 5 through 7 for roof assemblies with
insulation entirely above deck. However,
for Climate Zones 2 through 4, IECC
2009’s minimum R-values are somewhat
higher than IECC 2006’s.
ASHRAE 90.1-04 and ASHRAE 90.1-

07 minimum R-values for roof assem-
blies with insulation entirely above deck
are similar for Climate Zones 1 and 8.
ASHRAE 90.1-07’s values for Climate

Zones 2 through 7 are somewhat higher
than ASHRAE 90.1-04’s. Overall, the 
energy efficiency provided by ASHRAE
90.1-07 is about 30 percent more than
that provided by ASHRAE 90.1-04.
Comparing IECC’s and ASHRAE

90.1’s minimum R-values reveals IECC’s
values usually are equal to or slightly more
than those of either ASHRAE 90.1 edi-
tion. Also, in Climate Zones 1 through 3,
ASHRAE 90.1 allows for a reduction in
minimum-required R-values for reflective
roof surfaces. This reduction is not pro-
vided for when using IECC’s method.
These differences illustrate the impor-

tance of designers knowing which energy
code and edition applies to the specific
building being evaluated.

Reroofing 

IECC’s requirements for upgrading exist-
ing roof systems to R-values defined by
the current energy code are somewhat 
unclear and subject to interpretation.
Section 101.4.1—Existing Buildings 

indicates: “… This code shall not be used
to require the removal, alteration or aban-
donment of, nor prevent the continued use
and maintenance of, an existing building
or building system … .”
Section 101.4.3—Additions, Alterations,

Required min imum R-values  for  insu lat ion above roof  decks
IECC 2006 IECC 2009

Cl ima te
zone Cons t ruc t ion Tab le  502.2 (1 ) ASHRAE 90.1 -04 Tab le  502.2 (1 ) ASHRAE 90.1 -07

1 Insulation entirely above deck R-15 ci R-15 ci R-15 ci R-15 ci

2 Insulation entirely above deck R-15 ci R-15 ci R-20 ci R-20 ci

3 Insulation entirely above deck R-15 ci R-15 ci R-20 ci R-20 ci

4 except 
Marine Insulation entirely above deck R-15 ci R-15 ci R-20 ci R-20 ci

5 and 
Marine 4 Insulation entirely above deck R-20 ci R-15 ci R-20 ci R-20 ci

6 Insulation entirely above deck R-20 ci R-15 ci R-20 ci R-20 ci

7 Insulation entirely above deck R-25 ci R-15 ci R-25 ci R-20 ci

8 Insulation entirely above deck R-25 ci R-20 ci R-25 ci R-20 ci

Note: ci = continuous insulation
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demand for energy are clearly required 
to meet the adopted energy code.

Being knowledgeable

The energy code provides the minimum
R-value requirements for most roof assem-
blies and may require more insulation.
In some reroofing situations, the need

to comply with the energy code is some-
what unclear and subject to interpretation.
Such interpretation is best made by the
building department for the authority
having jurisdiction. In some instances,
local modifications to IECC may address
and clarify reroofing situations.
I encourage you to be familiar with 

applicable energy codes.

Mark S. Graham is NRCA’s associate 
executive director of technical services. 

Required min imum R-values  for  roof  sys tems wi th  h igh ref lec t iv i ty  
and emiss iv i ty

Figure 3: Required minimum R-values for roof assemblies with insulation entirely above roof decks, taking into consideration the allowable reduction for
high roof covering reflectivity and emissivity

Renovations or Repairs states: “ … Reno-
vations or repairs to an existing building,
building system or portion therefore shall
conform to the provisions of this code as
they relate to new construction without
requiring the unaltered portion(s) of the
existing building or building system to
comply.”
Roof assemblies generally are consid-

ered to be building systems in the context
of the code, which means Section 101.4.1
and Section 101.4.3 can be interpreted to
apply to reroofing.
An exception to Section 101.4.3 applies

specifically to certain reroofing situations.
Exception 4 indicates: “Construction where
the existing roof, wall or floor cavity are not
exposed” need not comply with the current
code provided the building’s energy use is
not increased. 

This can be interpreted to mean it is
unnecessary to upgrade a new roof system
to the current energy code unless deck re-
placement is part of a reroofing project.
However, another reasonable interpreta-
tion is this exception only applies to roof
assemblies with below-deck insulation and
does not apply to the roof construction
configuration with insulation entirely
above deck.
Exception 5 in IECC 2009 states:

“Reroofing for roofs where neither the
sheathing nor the insulation is exposed”
need not comply with the current code
provided the building’s energy use is not
increased. This statement appears to ad-
dress roof re-cover situations. This specific
provision does not appear in IECC 2006. 
Buildings undergoing a change in occu-

pancy type that results in an increase in
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Cl imate  zone Construc t ion ASHRAE 90.1-04 ASHRAE 90.1-07
1 Insulation entirely above deck R-12 ci R-12 ci

2 Insulation entirely above deck R-13 ci R-13 ci

3 Insulation entirely above deck R-13 ci R-13 ci

4 through 8 Insulation entirely above deck NP NP

Notes: ci = continuous insulation 
NP = not permitted
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