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International Energy Conservation Code 
[ 2009 (Seventh Printing) ] 
 
101.2 Scope. This code applies to residential and commercial buildings.  
 
101.3 Intent. This code shall regulate the design and construction of buildings for the 
effective use of energy. This code is intended to provide flexibility to permit the use of 
innovative approaches and techniques to achieve the effective use of energy. This code is 
not intended to abridge safety, health or environmental requirements contained in other 
applicable codes or ordinances.  
 
101.4 Applicability. Where, in any specific case, different sections of this code specify 
different materials, methods of construction or other requirements, the most restrictive shall 
govern. Where there is a conflict between a general requirement and a specific requirement, 
the specific requirement shall govern.  
 
 

101.4.1 Existing buildings. Except as specified in this chapter, this code shall not 
be used to require the removal, alteration or abandonment of, nor prevent the 
continued use and maintenance of, an existing building or building system lawfully in 
existence at the time of adoption of this code. 
 
101.4.2 Historic buildings. Any building or structure that is listed in the State or 
National Register of Historic Places; designated as a historic property under local or 
state designation law or survey; certified as a contributing resource with a National 
Register listed or locally designated historic district; or with an opinion or certification 
that the property is eligible to be listed on the National or State Registers of Historic 
Places either individually or as a contributing building to a historic district by the 
State Historic Preservation Officer or the Keeper of the National Register of Historic 
Places, are exempt from this code. 
 
101.4.3 Additions, alterations, renovations or repairs. Additions, alterations, 
renovations or repairs to an existing building, building system or portion thereof 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 with this code. Additions, alterations, renovations or repairs shall not create 
an unsafe or hazardous condition or overload existing building systems. An addition 
shall be deemed to comply with this code if the addition alone complies or if the 
existing building and addition comply with this code as a single building.  
 
Exception: The following need not comply provided the energy use of the building is 
not increased:  
 
1. Storm windows installed over existing fenestration. 
 
2. Glass only replacements in an existing sash and frame. 
 
3. Existing ceiling, wall or floor cavities exposed during construction provided that 
these cavities are filled with insulation. 
 
4. Construction where the existing roof, wall or floor cavity is not exposed. 
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5. Reroofing for roofs where neither the sheathing nor the insulation is exposed. 
Roofs without insulation in the cavity and where the sheathing or insulation is 
exposed during reroofing shall be insulated either above or below the sheathing. 
 
6. Replacement of existing doors that separate conditioned space from the exterior 
shall not require the installation of a vestibule or revolving door, provided, however, 
that an existing vestibule that separates a conditioned space from the exterior shall 
not be removed, 
 
7. Alterations that replace less than 50 percent of the luminaires in a space, provided 
that such alterations do not increase the installed interior lighting power. 
 
8. Alterations that replace only the bulb and ballast within the existing luminaires in 
a space provided that the alteration does not increase the installed interior lighting 
power. 
 
101.4.4 Change in occupancy or use. Spaces undergoing a change in occupancy 
that would result in an increase in demand for either fossil fuel or electrical energy 
shall comply with this code. Where the use in a space changes from one use in Table 
505.5.2 to another use in Table 505.5.2, the installed lighting wattage shall comply 
with Section 505.5. 
 
101.4.5 Change in space conditioning. Any nonconditioned space that is altered 
to become conditioned space shall be required to be brought into full compliance with 
this code. 
 
101.4.6 Mixed occupancy. Where a building includes 
both residential and commercial occupancies, each occupancy shall be separately 
considered and meet the applicable provisions of Chapter 
4 for residential and Chapter 5 for commercial. 

 

SECTION 102 ALTERNATE MATERIALS-METHOD OF CONSTRUCTION, DESIGN OR 
INSULATING SYSTEMS  
 
102.1 General. This code is not intended to prevent the use of any material, method of 
construction, design or insulating system not specifically prescribed herein, provided that 
such construction, design or insulating system has been approved by the code official as 
meeting the intent of this code.  
 
 

102.1.1 Above code programs. The code official or other authority having 
jurisdiction shall be permitted to deem a national, state or local energy efficiency 
program to exceed the energy efficiency required by this code. Buildings approved in 
writing by such an energy efficiency program shall be considered in compliance with 
this code. The requirements identified as "mandatory" in Chapters 4 and 5 of this 
code, as applicable, shall be met. 
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SECTION 103 CONSTRUCTION DOCUMENTS  
 
103.1 General. Construction documents and other supporting data shall be submitted in 
one or more sets with each application for a permit. The construction documents shall be 
prepared by a registered design professional where required by the statutes of the 
jurisdiction in which the project is to be constructed. Where special conditions exist, 
the code official is authorized to require necessary construction documents to be prepared 
by a registered design professional.  
 
Exception: The code official is authorized to waive the requirements for construction 
documents or other supporting data if the code official determines they are not necessary to 
confirm compliance with this code.  
 
103.2 Information on construction documents. Construction documents shall be drawn 
to scale upon suitable material. Electronic media documents are permitted to be submitted 
when approved by the code official. Construction documents shall be of sufficient clarity to 
indicate the location, nature and extent of the work proposed, and show in sufficient detail 
pertinent data and features of the building, systems and equipment as herein governed. 
Details shall include, but are not limited to, as applicable, insulation materials and their R-
values; fenestration U-factors and SHGCs; area-weighted U-factor and SHGC calculations; 
mechanical system design criteria; mechanical and service water heating system and 
equipment types, sizes and efficiencies; economizer description; equipment and systems 
controls; fan motor horsepower (hp) and controls; duct sealing, duct and pipe insulation 
and location; lighting fixture schedule with wattage and control narrative; and air sealing 
details.  
 
103.3 Examination of documents. The code official shall examine or cause to be 
examined the accompanying construction documents and shall ascertain whether the 
construction indicated and described is in accordance with the requirements of this code and 
other pertinent laws or ordinances.  

103.3.1 Approval of construction documents. When the code official issues a 
permit where construction documents are required, the construction documents shall 
be endorsed in writing and stamped "Reviewed for Code Compliance." 
Such approved construction documents shall not be changed, modified or altered 
without authorization from the code official. Work shall be done in accordance with 
the approved construction documents.  
 
One set of construction documents so reviewed shall be retained by the code official. 
The other set shall be returned to the applicant, kept at the site of work and shall be 
open to inspection by the code official or a duly authorized representative. 
 
103.3.2 Previous approvals. This code shall not require changes in the 
construction documents, construction or designated occupancy of a structure for 
which a lawful permit has been heretofore issued or otherwise lawfully authorized, 
and the construction of which has been pursued in good faith within 180 days after 
the effective date of this code and has not been abandoned. 
 
103.3.3 Phased approval. The code official shall have the authority to issue a 
permit for the construction of part of an energy conservation system before the 
construction documents for the entire system have been submitted orapproved, 
provided adequate information and detailed statements have been filed complying 
with all pertinent requirements of this code. The holders of such permit shall proceed 
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at their own risk without assurance that the permit for the entire energy 
conservation system will be granted. 

 

103.4 Amended construction documents. Changes made during construction that are 
not in compliance with the approved construction documents shall be resubmitted for 
approval as an amended set of construction documents.  
 
103.5 Retention of construction documents. One set of approved construction 
documents shall be retained by the code official for a period of not less than 180 days from 
date of completion of the permitted work, or as required by state or local laws. 

SECTION 104 INSPECTIONS  
 
104.1 General. Construction or work for which a permit is required shall be subject to 
inspection by the code official.  
 
104.2 Required approvals. Work shall not be done beyond the point indicated in each 
successive inspection without first obtaining the approval of the code official. The code 
official, upon notification, shall make the requested inspections and shall either indicate the 
portion of the construction that is satisfactory as completed, or notify the permit holder or 
his or her agent wherein the same fails to comply with this code. Any portions that do not 
comply shall be corrected and such portion shall not be covered or concealed until 
authorized by the code official.  
 
104.3 Final inspection. The building shall have a final inspection and not be occupied 
until approved.  
 
104.4 Reinspection. A building shall be reinspected when determined necessary by 
the code official. 

SECTION 106 REFERENCED STANDARDS  
 
106.1 General. The codes and standards referenced in this code shall be those listed 
in Chapter 6, and such codes and standards shall be considered as part of the requirements 
of this code to the prescribed extent of each such reference.  

SECTION 301 CLIMATE ZONES  
 
301.1 General. Climate zones from Figure 301.1 or Table 301.1 shall be used in 
determining the applicable requirements from Chapters 4 and 5. Locations not in Table 
301.1 (outside the United States) shall be assigned a climate zone based on Section 301.3.  

3A Charleston*  

301.2 Warm humid counties. Warm humid counties are identified in Table 301.1 by an 
asterisk. 
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Warm-humid Definition—Moist (A) locations where either of the following wet-bulb 
temperature conditions shall occur during the warmest six consecutive months of the year: 
1. 67°F (19.4°C) or higher for 3,000 or more hours; or 

2. 73°F (22.8°C) or higher for 1,500 or more hours 

 

 

 

TABLE 301.3(2) INTERNATIONAL CLIMATE ZONE DEFINITIONS  
 

ZONE 
NUMBER 

THERMAL CRITERIA 

IP Units SI Units 

3A and 3B 
4500 < CDD50°F ≤ 6300 
AND HDD65°F ≤ 5400 

2500 < CDD10°C ≤ 3500 
AND HDD18°C ≤ 3000 

 

SECTION 302 DESIGN CONDITIONS  
 
302.1 Interior design conditions. The interior design temperatures used for heating and 
cooling load calculations shall be a maximum of 72°F (22°C) for heating and minimum of 
75°F (24°C) for cooling. 

SECTION 303 MATERIALS, SYSTEMS AND EQUIPMENT  
 
303.1 Identification. Materials, systems and equipment shall be identified in a manner 
that will allow a determination of compliance with the applicable provisions of this code.  
 
 

303.1.1 Building thermal envelope insulation. An R-value identification mark 
shall be applied by the manufacturer to each piece of building thermal 
envelope insulation 12 inches (305 mm) or greater in width. Alternately, the 
insulation installers shall provide a certification listing the type, manufacturer and R-
value of insulation installed in each element of the building thermal envelope. For 
blown or sprayed insulation (fiberglass and cellulose), the initial installed thickness, 
settled thickness, settled R-value, installed density, coverage area and number of 
bags installed shall be listed on the certification. For sprayed polyurethane foam 
(SPF) insulation, the installed thickness of the areas covered and R-value of installed 
thickness shall be listed on the certification. The insulation installer shall sign, date 
and post the certification in a conspicuous location on the job site. 
 
303.1.1.1 Blown or sprayed roof/ceiling insulation. The thickness of blown-in 
or sprayed roof/ceiling insulation (fiberglass or cellulose) shall be written in inches 
(mm) on markers that are installed at least one for every 300 square feet (28 m2) 
throughout the attic space. The markers shall be affixed to the trusses or joists and 
marked with the minimum initial installed thickness with numbers a minimum of 1 
inch (25 mm) in height. Each marker shall face the attic access opening. Spray 
polyurethane foam thickness and installed R-value shall be listed on certification 
provided by the insulation installer. 
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303.1.2 Insulation mark installation. Insulating materials shall be installed such 
that the manufacturer's R-value mark is readily observable upon inspection. 
 

303.1.3 Fenestration product rating. U-factors of fenestration products 
(windows, doors and skylights) shall be determined in accordance with NFRC 100 by 
an accredited, independent laboratory, and labeled and certified by the 
manufacturer. Products lacking such a labeled U-factor shall be assigned a default U-
factor from Table 303.1.3(1) or 303.1.3(2). The solar heat gain coefficient (SHGC) of 
glazed fenestration products (windows, glazed doors and skylights) shall be 
determined in accordance with NFRC 200 by an accredited, independent laboratory, 
and labeled and certified by the manufacturer. Products lacking such a labeled SHGC 
shall be assigned a default SHGC from Table 303.1.3(3).  
 

TABLE 303.1.3(1) DEFAULT GLAZED FENESTRATION U-FACTOR  

FRAME TYPE 
SINGLE 

PANE 
DOUBLE 

PANE 

SKYLIGHT 

Single Double 
Metal 1.20 0.80 2.00 1.30 

Metal with Thermal Break 1.10 0.65 1.90 1.10 

Nonmetal or Metal Clad 0.95 0.55 1.75 1.05 

Glazed Block 0.60 

 
 
TABLE 303.1.3(2) DEFAULT DOOR U-FACTORS  

DOOR TYPE U-FACTOR 
Uninsulated Metal 1.20 
Insulated Metal 0.60 
Wood 0.50 
Insulated, nonmetal edge, max 45% glazing, any 
glazing double pane 0.35 

 
 
TABLE 303.1.3(3) DEFAULT GLAZED FENESTRATION SHGC  

SINGLE 
GLAZED 

DOUBLE 
GLAZED 

GLAZED BLOCK Clear Tinted Clear Tinted 

0.8 0.7 0.7 0.6 0.6 
 
303.1.4 Insulation product rating. The thermal resistance (R-value) of insulation 
shall be determined in accordance with the U.S. Federal Trade Commission R-value 
rule (CFR Title 16, Part 460, May 31, 2005) in units of h × ft2 × °F/Btu at a mean 
temperature of 75°F (24°C). 
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303.2 Installation. All materials, systems and equipment shall be installed in accordance 
with the manufacturer's installation instructions and the International Building Code.  
 
 

303.2.1 Protection of exposed foundation insulation. Insulation applied to the 
exterior of basement walls, crawlspace walls and the perimeter of slab-on-grade 
floors shall have a rigid, opaque and weather-resistant protective covering to prevent 
the degradation of the insulation's thermal performance. The protective covering 
shall cover the exposed exterior insulation and extend a minimum of 6 inches (153 
mm) below grade. 

 

303.3 Maintenance information. Maintenance instructions shall be furnished for 
equipment and systems that require preventive maintenance. Required regular maintenance 
actions shall be clearly stated and incorporated on a readily accessible label. The label shall 
include the title or publication number for the operation and maintenance manual for that 
particular model and type of product. 

SECTION 401 GENERAL  
 
401.1 Scope. This chapter applies to residential buildings.  
 
401.2 Compliance. Projects shall comply with Sections 401, 402.4, 402.5, 
and 403.1, 403.2.2, 403.2.3, and 403.3 through 403.9 (referred to as the mandatory 
provisions) and either:  

1. Sections 402.1 through 402.3, 403.2.1 and 404.1 (prescriptive); or 
 
2. Section 405 (performance). 

 
401.3 Certificate. A permanent certificate shall be posted on or in the electrical 
distribution panel. The certificate shall not cover or obstruct the visibility of the circuit 
directory label, service disconnect label or other required labels. The certificate shall be 
completed by the builder or registered design professional. The certificate shall list the 
predominant R-values of insulation installed in or on ceiling/roof, walls, foundation 
(slab, basement wall, crawlspace wall and/or floor) and ducts outside conditioned 
spaces; U-factors for fenestration and the solar heat gain coefficient (SHGC) of fenestration. 
Where there is more than one value for each component, the certificate shall list the value 
covering the largest area. The certificate shall list the types and efficiencies of heating, 
cooling and service water heating equipment. Where a gas-fired unvented room heater, 
electric furnace, or baseboard electric heater is installed in the residence, the certificate 
shall list "gas-fired unvented room heater," "electric furnace" or "baseboard electric heater," 
as appropriate. An efficiency shall not be listed for gas-fired unvented room heaters, electric 
furnaces or electric baseboard heaters. 
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SECTION 402 BUILDING THERMAL ENVELOPE  
 
402.1 General (Prescriptive).  
 

402.1.1 Insulation and fenestration criteria. The building thermal envelope shall 
meet the requirements of Table 402.1.1 based on the climate zone specified 
in Chapter 3.  
 
TABLE 402.1.1 INSULATION AND FENESTRATION REQUIREMENTS BY 
COMPONENTa 

CLIMA
TE  

ZONE 

FENESTRAT
ION  

U-FACTORb 

SKYLIG
HTb  

U-
FACTOR 

GLAZED 
FENESTRAT

ION 
SHGCb, e 

CEILI
NG  
R-

VALUE 

WOO
D  

FRA
ME 

WAL
L  
R-

VALU
E 

MASS WA
LL  

R-VALUEi 

FLOO
R  
R-

VALU
E 

BASEME
NTc  

WALL  
R-VALUE 

SLAB
d  
R-

VAL
UE 
 & 

DEPT
H 

CRA
WL  

SPAC
Ec 

WALL
  

R-
VALU

E 
3 0.50j 0.65 0.30 30 13 5/8 19 5/13f 0 5/13 

 
For SI: 1 foot = 304.8 mm. 
  

a. R-values are minimums. U-factors and SHGC are maximums. R-19 batts compressed into a nominal 
 2 × 6 framing cavity such that the R-value is reduced by R-1 or more shall be marked with the compressed  
batt R-value in addition to the full thickness R-value. 

  
b. The fenestration U-factor column excludes skylights. The SHGC column applies to all glazed fenestration. 
  
c. "15/19" means R-15 continuous insulated sheathing on the interior or exterior of the home or R-19 cavity insulation  
at the interior of the basement wall. "15/19" shall be permitted to be met with R-13 cavity insulation on the interior of  
the basement wall plus R-5 continuous insulated sheathing on the interior or exterior of the home. "10/13" means R-10  
continuous insulated sheathing on the interior or exterior of the home or R-13 cavity insulation at the interior of  
the basement wall. 
  
d. R-5 shall be added to the required slab edge R-values for heated slabs. Insulation depth shall be the depth of the footing 
 or 2 feet, whichever is less in Zones 1 through 3 for heated slabs. 
  
e. There are no SHGC requirements in the Marine Zone. 
  
f. Basement wall insulation is not required in warm-humid locations as defined by Figure 301.1 and Table 301.1. 
  
g. Or insulation sufficient to fill the framing cavity, R-19 minimum. 
  
h. "13+5" means R-13 cavity insulation plus R-5 insulated sheathing. If structural sheathing covers 25 percent 
 or less of the exterior, insulating sheathing is not required where structural sheathing is used. If structural  
sheathing covers more than 25 percent of exterior, structural sheathing shall be supplemented with insulated 
 sheathing of at least R-2. 
  
i. The second R-value applies when more than half the insulation is on the interior of the mass wall. 
  
j. For impact rated fenestration complying with Section R301.2.1.2 of the International Residential Code or  
Section 1609.1.2 of the International Building Code, the maximum U-factor shall be 0.65 in Zone 3. 
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402.1.2 R-value computation. Insulation material used in layers, such as framing 
cavity insulation and insulating sheathing, shall be summed to compute the 
component R-value. The manufacturer's settled R-value shall be used for blown 
insulation. Computed R-values shall not include an R-value for other building 
materials or air films. 
 
402.1.3 U-factor alternative. An assembly with a U-factor equal to or less than 
that specified in Table 402.1.3 shall be permitted as an alternative to the R-value in 
Table 402.1.1.  
 
TABLE 402.1.3 EQUIVALENT U-FACTORSa 
 

CLIMAT
E  

ZONE 
FENESTRATION

U-FACTOR 

SKYLIGH
T  
U-

FACTOR 

CEILIN
G  
U-

FACTO
R 

FRAME 
WALL  

U-
FACTO

R 

MASS 
WALL  

U-
FACTO

Rb 

FLOOR
  

U-
FACTO

R 

BASEMEN
T WALL  

U-
FACTOR 

CRAWL 
SPACE 
WALL  

U-
FACTO

Rc 
3 0.50 0.65 0.035 0.082 0.141 0.047 0.091c 0.136 

 
a. Nonfenestration U-factors shall be obtained from measurement, calculation or an approved source. 
  
b. When more than half the insulation is on the interior, the mass wall U-factors shall be a maximum of 0.12 

in Zone 3. 
  

c. Basement wall U-factor of 0.360 in warm-humid locations as defined by Figure 301.1 and Table 301.1. 
 
402.1.4 Total UA alternative. If the total building thermal envelope UA (sum of U-
factor times assembly area) is less than or equal to the total UA resulting from using 
the U-factors in Table 402.1.3 (multiplied by the same assembly area as in the 
proposed building), the building shall be considered in compliance with Table 
402.1.1. The UA calculation shall be done using a method consistent with the 
ASHRAE Handbook of Fundamentals and shall include the thermal bridging effects of 
framing materials. The SHGC requirements shall be met in addition to UA 
compliance. 

 
402.2 Specific insulation requirements (Prescriptive).  
 

402.2.1 Ceilings with attic spaces. When Section 402.1.1 would require R-38 in 
the ceiling, R-30 shall be deemed to satisfy the requirement for R-38 wherever the 
full height of uncompressed R-30 insulation extends over the wall top plate at the 
eaves. Similarly, R-38 shall be deemed to satisfy the requirement for R-49 wherever 
the full height of uncompressed R-38 insulation extends over the wall top plate at 
the eaves. This reduction shall not apply to the U-factor alternative approach 
in Section 402.1.3 and the total UA alternative in Section 402.1.4. 
 
402.2.2 Ceilings without attic spaces. Where Section 402.1.1 would require 
insulation levels above R-30 and the design of the roof/ceiling assembly does not 
allow sufficient space for the required insulation, the minimum required insulation for 
such roof/ceiling assemblies shall be R-30. This reduction of insulation from the 
requirements of Section 402.1.1 shall be limited to 500 square feet (46 m2) or 20 
percent of the total insulated ceiling area, whichever is less. This reduction shall not 
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apply to the U-factor alternative approach in Section 402.1.3 and the total UA 
alternative in Section 402.1.4. 
 
402.2.3 Access hatches and doors. Access doors from conditioned spaces to 
unconditioned spaces (e.g., attics and crawl spaces) shall be weatherstripped and 
insulated to a level equivalent to the insulation on the surrounding surfaces. Access 
shall be provided to all equipment that prevents damaging or compressing the 
insulation. A wood framed or equivalent baffle or retainer is required to be provided 
when loose fill insulation is installed, the purpose of which is to prevent the loose fill 
insulation from spilling into the living space when the attic access is opened, and to 
provide a permanent means of maintaining the installed R-value of the loose fill 
insulation. 
 
402.2.4 Mass walls. Mass walls for the purposes of this chapter shall be considered 
above-grade walls of concrete block, concrete, insulated concrete form (ICF), 
masonry cavity, brick (other than brick veneer), earth (adobe, compressed earth 
block, rammed earth) and solid timber/logs. 
 
402.2.5 Steel-frame ceilings, walls, and floors. Steel-frame ceilings, walls and 
floors shall meet the insulation requirements of Table 402.2.5 or shall meet the U-
factor requirements in Table 402.1.3. The calculation of the U-factor for a steel-
frame envelope assembly shall use a series-parallel path calculation method.  

TABLE 402.2.5 STEEL-FRAME CEILING, WALL AND FLOOR INSULATION (R-
VALUE)  

WOOD 
FRAMER-

VALUE 
REQUIREMENT 

COLD-FORMED STEEL  
EQUIVALENT R-VALUEa 

Steel Truss Ceilingsb 
R-30 R-38 or R-30 + 3 or R-26 + 5 
R-38 R-49 or R-38 + 3 
R-49 R-38 + 5 

Steel Joist Ceilingsb 

R-30 R-38 in 2 x 4 or 2 x 6 or 2 x 8  
R-49 in any framing 

R-38 R-49 in 2 x 4 or 2 x 6 or 2 x 8 or 2 x 10 
Steel-Framed Wall 

R-13 R-13 + 5 or R-15 + 4 or R-21 + 3 or R-0 + 10 
R-19 R-13 + 9 or R-19 + 8 or R-25 + 7 
R-21 R-13 + 10 or R-19 + 9 or R-25 + 8 

Steel Joist Floor 

R-13 R-19 in 2 x 6  
R-19 + 6 in 2 x 8 or 2 x 10 

R-19 R-19 + 6 in 2 x 6  
R-19 + 12 in 2 x 8 or 2 x 10 

 
a. Cavity insulation R-value is listed first, followed by continuous insulation R-value.  
b. Insulation exceeding the height of the framing shall cover the framing. 
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402.2.6 Floors. Floor insulation shall be installed to maintain permanent contact 
with the underside of the subfloor decking. 
 
402.2.7 Basement walls. Walls associated with conditioned basements shall be 
insulated from the top of the basement wall down to 10 feet (3048 mm) below grade 
or to the basement floor, whichever is less. Walls associated with unconditioned 
basements shall meet this requirement unless the floor overhead is insulated in 
accordance with Sections 402.1.1 and 402.2.6. 
 
402.2.8 Slab-on-grade floors. Slab-on-grade floors with a floor surface less than 
12 inches (305 mm) below grade shall be insulated in accordance with Table 
402.1.1. The insulation shall extend downward from the top of the slab on the 
outside or inside of the foundation wall. Insulation located below grade shall be 
extended the distance provided in Table 402.1.1 by any combination of vertical 
insulation, insulation extending under the slab or insulation extending out from the 
building. Insulation extending away from the building shall be protected by 
pavement or by a minimum of 10 inches (254 mm) of soil. The top edge of the 
insulation installed between the exterior wall and the edge of the interior slab shall 
be permitted to be cut at a 45-degree (0.79 rad) angle away from the exterior 
wall. Slab-edge insulation is not required in jurisdictions designated by the code 
official as having a very heavy termite infestation. 
 
402.2.9 Crawl space walls. As an alternative to insulating floors over crawl 
spaces, crawl space walls shall be permitted to be insulated when the crawl space is 
not vented to the outside. Crawl space wall insulation shall be permanently fastened 
to the wall and extend downward from the floor to the finished grade level and then 
vertically and/or horizontally for at least an additional 24 inches (610 mm). Exposed 
earth in unvented crawl space foundations shall be covered with a continuous Class I 
vapor retarder in accordance with the International Building Code. All joints of the 
vapor retarder shall overlap by 6 inches (153 mm) and be sealed or taped. The 
edges of the vapor retarder shall extend at least 6 inches (153 mm) up the stem wall 
and shall be attached to the stem wall. 
 
402.2.10 Masonry veneer. Insulation shall not be required on the horizontal 
portion of the foundation that supports a masonry veneer. 
 
402.2.11 Thermally isolated sunroom insulation. The minimum ceiling 
insulation R-values shall be R-19 in Zones 1 through 4. The minimum wall R-value 
shall be R-13 in all zones. New wall(s) separating a sunroom from conditioned 
space shall meet the building thermal envelope requirements. 

 
402.3 Fenestration. (Prescriptive).  
 

402.3.1 U-factor. An area-weighted average of fenestration products shall be 
permitted to satisfy the U-factor requirements. 
 
402.3.2 Glazed fenestration SHGC. An area-weighted average of fenestration 
products more than 50 percent glazed shall be permitted to satisfy the SHGC 
requirements. 
 
402.3.3 Glazed fenestration exemption. Up to 15 square feet (1.4 m2) of glazed 
fenestration per dwelling unit shall be permitted to be exempt from U-factor and 
SHGC requirements in Section 402.1.1. This exemption shall not apply to the U-
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factor alternative approach in Section 402.1.3 and the Total UA alternative in Section 
402.1.4. 
 
402.3.4 Opaque door exemption. One side-hinged opaque door assembly up to 
24 square feet (2.22 m2) in area is exempted from the U-factor requirement 
in Section 402.1.1. This exemption shall not apply to the U-factor alternative 
approach in Section 402.1.3 and the total UA alternative in Section 402.1.4. 
 
402.3.5 Thermally isolated sunroom U-factor. For Zones 4 through 8, the 
maximum fenestration U-factor shall be 0.50 and the maximum skylight U-factor 
shall be 0.75. New windows and doors separating the sunroom fromconditioned 
space shall meet the building thermal envelope requirements. 
 
402.3.6 Replacement fenestration. Where some or all of an existing fenestration 
unit is replaced with a new fenestration product, including sash and glazing, the 
replacement fenestration unit shall meet the applicable requirements for U-factor 
and SHGC in Table 402.1.1. 
 

COMPONENT CRITERIA 

Air barrier and thermal barrier 

Exterior thermal envelope insulation for framed walls is installed in substantial 
contact and continuous alignment with building envelope air barrier. 
Breaks or joints in the air barrier are filled or repaired. 
Air-permeable insulation is not used as a sealing material. 
Air-permeable insulation is inside of an air barrier. 

Ceiling/attic 
Air barrier in any dropped ceiling/soffit is substantially aligned with insulation and 
any gaps are sealed. 
Attic access (except unvented attic), knee wall door, or drop down stair is sealed. 

Walls Corners and headers are insulated. 
Junction of foundation and sill plate is sealed. 

Windows and doors Space between window/door jambs and framing is sealed. 
Rim joists Rim joists are insulated and include an air barrier. 
Floors 
(including above-garage and 
cantilevered floors) 

Insulation is installed to maintain permanent contact with underside of subfloor 
decking. 
Air barrier is installed at any exposed edge of insulation. 

Crawl space walls 
Insulation is permanently attached to walls. 
Exposed earth in unvented crawl spaces is covered with Class I vapor retarder 
with overlapping joints taped. 

Shafts, penetrations Duct shafts, utility penetrations, knee walls and flue shafts opening to exterior or 
unconditioned space are sealed. 

Narrow cavities Batts in narrow cavities are cut to fit, or narrow cavities are filled by 
sprayed/blown insulation. 

Garage separation Air sealing is provided between the garage and conditioned spaces. 

Recessed lighting Recessed light fixtures are air tight, IC rated, and sealed to drywall. 
Exception-fixtures in conditioned space. 

Plumbing and wiring 
Insulation is placed between outside and pipes. Batt insulation is cut to fit around 
wiring and plumbing, or sprayed/blown insulation extends behind piping and 
wiring. 

Shower/tub on exterior wall Showers and tubs on exterior walls have insulation and an air barrier separating 
them from the exterior wall. 

Electrical/phone box on Air barrier extends behind boxes or air sealed-type boxes are installed. 
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 402.4 Air leakage (Mandatory).  
 

402.4.1 Building thermal envelope. The building thermal envelope shall be 
durably sealed to limit infiltration. The sealing methods between dissimilar materials 
shall allow for differential expansion and contraction. The following shall be caulked, 
gasketed, weatherstripped or otherwise sealed with an air barrier material, suitable 
film or solid material: 
 
1. All joints, seams and penetrations. 
2. Site-built windows, doors and skylights. 
3. Openings between window and door assemblies and their respective jambs and 
framing. 
4. Utility penetrations. 
5. Dropped ceilings or chases adjacent to the thermal envelope. 
6. Knee walls. 
7. Walls and ceilings separating a garage from conditioned spaces. 
8. Behind tubs and showers on exterior walls. 
9. Common walls between dwelling units. 
10. Attic access openings. 
11. Rim joist junction. 
12. Other sources of infiltration. 
 

402.4.2 Air sealing and insulation. Building envelope air tightness and insulation 
installation shall be demonstrated to comply with one of the following options given 
by Section 402.4.2.1 or 402.4.2.2:  
 
TABLE 402.4.2 AIR BARRIER AND INSULATION INSPECTION COMPONENT 
CRITERIA  

402.4.2.1 Testing option. Building envelope tightness and insulation installation 
shall be considered acceptable when tested air leakage is less than seven air changes 
per hour (ACH) when tested with a blower door at a pressure of 33.5 psf (50 Pa). 
Testing shall occur after rough in and after installation of penetrations of the building 
envelope, including penetrations for utilities, plumbing, electrical, ventilation and 
combustion appliances.  
 
During testing: 
1. Exterior windows and doors, fireplace and stove doors shall be closed, but not 
sealed; 
2. Dampers shall be closed, but not sealed, including exhaust, intake, makeup air, 
backdraft and flue dampers; 
3. Interior doors shall be open; 
4. Exterior openings for continuous ventilation systems and heat recovery ventilators 
shall be closed and sealed; 

exterior walls 

Common wall Air barrier is installed in common wall between dwelling units. 

HVAC register boots HVAC register boots that penetrate building envelope are sealed to subfloor or 
drywall. 

Fireplace Fireplace walls include an air barrier. 
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5. Heating and cooling system(s) shall be turned off; 
6. HVAC ducts shall not be sealed; and 
7. Supply and return registers shall not be sealed. 
 
402.4.2.2 Visual inspection option. Building envelope tightness and insulation 
installation shall be considered acceptable when the items listed in Table 402.4.2, 
applicable to the method of construction, are field verified. Where required by 
the code official, an approved party independent from the installer of the insulation 
shall inspect the air barrier and insulation. 
 
402.4.3 Fireplaces. New wood-burning fireplaces shall have gasketed doors and 
outdoor combustion air. 
 
402.4.4 Fenestration air leakage. Windows, skylights and sliding glass doors shall 
have an air infiltration rate of no more than 0.3 cfm per square foot (1.5 L/s/m2), 
and swinging doors no more than 0.5 cfm per square foot (2.6 L/s/m2), when tested 
according to NFRC 400 or AAMA/WDMA/CSA 101/I.S.2/A440 by an accredited, 
independent laboratory and listed and labeled by the manufacturer.  
 
Exceptions: Site-built windows, skylights and doors. 
 
402.4.5 Recessed lighting. Recessed luminaires installed in the building thermal 
envelope shall be sealed to limit air leakage between conditioned and unconditioned 
spaces. All recessed luminaires shall be IC-rated and labeledas meeting ASTM E 283 
when tested at 1.57 psf (75 Pa) pressure differential with no more than 2.0 cfm 
(0.944 L/s) of air movement from the conditioned space to the ceiling cavity. All 
recessed luminaires shall be sealed with a gasket or caulk between the housing and 
the interior wall or ceiling covering. 

 

402.5 Maximum fenestration U-factor and SHGC (Mandatory).  The area-weighted 
average maximum fenestration SHGC permitted using trade-offs from Section 405 in Zones 
1 through 3 shall be 0.50. 

SECTION 405 SIMULATED PERFORMANCE ALTERNATIVE (Performance)  
 
405.1 Scope. This section establishes criteria for compliance using simulated energy 
performance analysis. Such analysis shall include heating, cooling, and service water 
heating energy only.  
 
405.2 Mandatory requirements. Compliance with this section requires that the 
mandatory provisions identified in Section 401.2 be met. All supply and return ducts not 
completely inside the building thermal envelope shall be insulated to a minimum of R-6.  
 
405.3 Performance-based compliance. Compliance based on simulated energy 
performance requires that a proposed residence (proposed design) be shown to have an 
annual energy cost that is less than or equal to the annual energy cost of the standard 
reference design. Energy prices shall be taken from a source approved by the code 
official, such as the Department of Energy, Energy Information Administration's State 
Energy Price and Expenditure Report. Code officials shall be permitted to require time-of-
use pricing in energy cost calculations.  
 
Exception: The energy use based on source energy expressed in Btu or Btu per square foot 
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of conditioned floor area shall be permitted to be substituted for the energy cost. The source 
energy multiplier for electricity shall be 3.16. The source energy multiplier for fuels other 
than electricity shall be 1.1.  
 
405.4 Documentation.  
 

405.4.1 Compliance software tools. Documentation verifying that the methods 
and accuracy of the compliance software tools conform to the provisions of this 
section shall be provided to the code official. 
 
405.4.2 Compliance report. Compliance software tools shall generate a report that 
documents that the proposed design complies with Section 405.3. The compliance 
documentation shall include the following information: 
 
1. Address or other identification of the residence; 
 
2. An inspection checklist documenting the building component characteristics of 
the proposed design as listed in Table 405.5.2(1). The inspection checklist shall show 
results for both the standard reference design and the proposed design, and shall 
document all inputs entered by the user necessary to reproduce the results; 
 
3. Name of individual completing the compliance report; and 
 
4. Name and version of the compliance software tool.  
 
Exception: Multiple orientations. When an otherwise identical building model is 
offered in multiple orientations, compliance for any orientation shall be permitted by 
documenting that the building meets the performance requirements in each of the 
four cardinal (north, east, south and west) orientations. 
 
405.4.3 Additional documentation. The code official shall be permitted to require 
the following documents: 
 
1. Documentation of the building component characteristics of the standard 
reference design. 
 
2. A certification signed by the builder providing the building component 
characteristics of the proposed design as given in Table 405.5.2(1). 
 
3. Documentation of the actual values used in the software calculations for 
the proposed design. 

 
405.5 Calculation procedure.  
 

405.5.1 General. Except as specified by this section, the standard reference 
design and proposed design shall be configured and analyzed using identical 
methods and techniques. 
 
405.5.2 Residence specifications. The standard reference design and proposed 
design shall be configured and analyzed as specified by Table 405.5.2(1). Table 
405.5.2(1) shall include by reference all notes contained in Table 402.1.1.  
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TABLE 405.5.2(1) SPECIFICATIONS FOR THE STANDARD REFERENCE AND 
PROPOSED DESIGNS 
 

BUILDING 
COMPONENT STANDARD REFERENCE DESIGN PROPOSED DESIGN 

Above-grade walls 

Type: mass wall if proposed wall is mass; otherwise 
wood frame. As proposed 
Gross area: same as proposed As proposed 
U-factor: from Table 402.1.3 As proposed 
Solar absorptance = 0.75 As proposed 
Emittance = 0.90 As proposed 

Basement and crawl space 
wall 

Type: same as proposed As proposed 
Gross area: same as proposed As proposed 
U-factor: from Table 402.1.3, with insulation layer on 

interior side of walls. 
As proposed 

Above-grade floors 
Type: wood frame As proposed 
Gross area: same as proposed As proposed 

U-factor: from Table 402.1.3 As proposed 

Ceilings 
Type: wood frame As proposed 
Gross area: same as proposed As proposed 

U-factor: from Table 402.1.3 As proposed 

Roofs 
Type: composition shingle on wood sheathing As proposed 
Gross area: same as proposed As proposed 
Solar absorptance = 0.75 As proposed 
Emittance = 0.90 As proposed 

Attics Type: vented with aperture = 1 ft2 per 300 ft2 ceiling 
area As proposed 

Foundations 
Type: same as proposed foundation wall area above 

and below grade and soil characteristics: same as 
proposed. 

As proposed 
As proposed 

Doors 
Area: 40 ft2 As proposed 
Orientation: North As proposed 
U-factor: same as fenestration from Table 402.1.3. As proposed 

Glazinga 

Total areab = As proposed 
(a) The proposed glazing area; where proposed glazing 

area is less than 15% of the conditioned floor area.   
(b) 15% of the conditioned floor area; where the 

proposed glazing area is 15% or more of the 
conditioned floor area.   

Orientation: equally distributed to four cardinal 
compass  
orientations (N, E, S & W). 

As proposed 

U-factor: from Table 402.1.3 As proposed 
SHGC: From Table 402.1.1 except that for climates 

with no requirement (NR) SHGC = 0.40 shall be 
used. 

As proposed 
Same as standard reference 
design 

Interior shade fraction:   
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Summer (all hours when cooling is required) = 0.70   
Winter (all hours when heating is required) = 0.85c   
External shading: none As proposed 

Skylights None As proposed 
Thermally isolated sunrooms None As proposed 

 
TABLE 405.5.2(1)-continued SPECIFICATIONS FOR THE STANDARD 
REFERENCE AND PROPOSED DESIGNS  
 
  
BUILDING 

COMPONENT STANDARD REFERENCE DESIGN PROPOSED DESIGN 

Air exchange rate Specific leakage area (SLA)e = 0.00036 assuming no 
energy recovery 

For residences that are not 
tested, the same as the 
standard reference design.  
 
For residences without 
mechanical ventilation that are 
tested in accordance with 
ASHRAE 119,  
 
Section 5.1, the measured air 
exchange ratef but not less 
than 0.35 ACH  
 
For residences with 
mechanical ventilation that are 
tested in accordance with 
ASHRAE 119, Section 5.1, 
the measured air exchange 
ratee combined with the 
mechanical ventilation 
rate,f which shall not be less 
than 0.01 × CFA + 7.5 × 
(Nbr+1)  
 
where:  
 
CFA = conditioned floor area  
 
Nbr = number of bedrooms 

Mechanical ventilation 

None, except where mechanical ventilation is specified 
by the proposed design, in which case:  
 
Annual vent fan energy use:  
 
kWh/yr = 0.03942 × CFA + 29.565 × (Nbr +1)  
 
where:  
 
CFA = conditioned floor area  
 
Nbr = number of bedrooms 

As proposed 
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Internal gains IGain = 17,900 + 23.8 × CFA + 4104 × Nbr  
(Btu/day per dwelling unit) 

Same as standard reference 
design 

Internal mass An internal mass for furniture and contents of 8 pounds 
per square foot of floor area. 

Same as standard reference 
design, plus any additional 
mass specifically designed as a 
thermal storage elementg but 
not integral to the building 
envelope or structure 

Structural mass 

For masonry floor slabs, 80% of floor area covered by 
R-2 carpet and pad, and 20% of floor directly exposed 
to room air. 

As proposed 

For masonry basement walls, as proposed, but with 
insulation required by Table 402.1.3 located on the 
interior side of the walls 

As proposed 

For other walls, for ceilings, floors, and interior walls, 
wood frame construction As proposed 

Heating systemsh 

As proposed  
 
Capacity: sized in accordance with Section M1401.3 of 
theInternational Residential Code 

As proposed 

Cooling systemsh, j 

As proposed  
 
Capacity: sized in accordance with Section M1401.3 of 
theInternational Residential Code 

As proposed 

Service H2O heatingh, k, i 
As proposed  
 
Use: same as proposed design 

As proposed  
 
gal/day = 30 + (10 x Nbr) 

Thermal distribution systems 

A thermal distribution system efficiency (DSE) of 0.88 
shall be applied to both the heating and cooling system 
efficiencies for all systems other than tested duct 
systems. Duct insulation: From Section 403.2.1. For 
tested duct systems, the leakage rate shall be the 
applicable maximum rate from Section 403.2.2. 

As tested or as specified in 
Table 405.5.2(2) if not tested 

Thermostat 
Type: Manual, cooling temperature setpoint = 75°F;  
 
Heating temperature setpoint = 72°F 

Same as standard reference 

 
 
  
For SI: 1 square foot = 0.93 m2; 1 British thermal unit = 1055 J; 1 pound per square foot = 4.88 kg/m2; 1 gallon 
(U.S.) = 3.785 L; °C = (°F-3)/1.8, 1 degree = 0.79 rad.  
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a. Glazing shall be defined as sunlight-transmitting fenestration, including the area of sash, curbing or other framing 
elements, that enclose conditioned space. Glazing includes the area of sunlight-transmitting fenestration assemblies 
in walls bounding conditioned basements. For doors where the sunlight-transmitting opening is less than 50 percent 
of the door area, the glazing area is the sunlight transmitting opening area. For all other doors, the glazing area is the 
rough frame opening area for the door including the door and the frame.  
 
b. For residences with conditioned basements, R-2 and R-4 residences and townhouses, the following formula shall 
be used to determine glazing area:  
 
AF = As x FA x F  
 
where:  
 
AF = Total glazing area.  
 
As = Standard reference design total glazing area.  
 
FA = (Above-grade thermal boundary gross wall area)/(above-grade boundary wall area + 0.5 × below-grade 
boundary wall area).  
 
F = (Above-grade thermal boundary wall area)/(above-grade thermal boundary wall area + common wall area) or 
0.56, whichever is greater.  
 
and where:  
 
Thermal boundary wall is any wall that separates conditioned space from unconditioned space or ambient 
conditions.  
 
Above-grade thermal boundary wall is any thermal boundary wall component not in contact with soil.  
 
Below-grade boundary wall is any thermal boundary wall in soil contact.  
 
Common wall area is the area of walls shared with an adjoining dwelling unit.  
 
c. For fenestrations facing within 15 degrees (0.26 rad) of true south that are directly coupled to thermal storage 
mass, the winter interior shade fraction shall be permitted to be increased to 0.95 in the proposed design.  
 
d. Where leakage area (L) is defined in accordance with Section 5.1 of ASHRAE 119 and where:  
 
SLA = L/CFA  
 
where L and CFA are in the same units.  
 
e. Tested envelope leakage shall be determined and documented by an independent party approved by the code 
official. Hourly calculations as specified in the 2001 ASHRAE Handbook of Fundamentals, Chapter 26, page 26.21, 
Equation 40 (Sherman-Grimsrud model) or the equivalent shall be used to determine the energy loads resulting from 
infiltration.  
 
f. The combined air exchange rate for infiltration and mechanical ventilation shall be determined in accordance with 
Equation 43 of 2001 ASHRAE Handbook of Fundamentals, page 26.24 and the "Whole-house Ventilation" 
provisions of 2001 ASHRAE Handbook of Fundamentals, page 26.19 for intermittent mechanical ventilation.  
 
g. Thermal storage element shall mean a component not part of the floors, walls or ceilings that is part of a passive 
solar system, and that provides thermal storage such as enclosed water columns, rock beds, or phase-change 
containers. A thermal storage element must be in the same room as fenestration that faces within 15 degrees (0.26 
rad) of true south, or must be connected to such a room with pipes or ducts that allow the element to be actively 
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charged.  
 
h. For a proposed design with multiple heating, cooling or water heating systems using different fuel types, the 
applicable standard reference design system capacities and fuel types shall be weighted in accordance with their 
respective loads as calculated by accepted engineering practice for each equipment and fuel type present.  
 
i. For a proposed design without a proposed heating system, a heating system with the prevailing federal minimum 
efficiency shall be assumed for both the standard reference design and proposed design. For electric heating 
systems, the prevailing federal minimum efficiency air-source heat pump shall be used for the standard reference 
design.  
 
j. For a proposed design home without a proposed cooling system, an electric air conditioner with the prevailing 
federal minimum efficiency shall be assumed for both the standard reference design and the proposed design.  
 
k. For a proposed design with a nonstorage-type water heater, a 40-gallon storage-type water heater with the 
prevailing federal minimum energy factor for the same fuel as the predominant heating fuel type shall be assumed. 
For the case of a proposed design without a proposed water heater, a 40-gallon storage-type water heater with the 
prevailing federal minimum efficiency for the same fuel as the predominant heating fuel type shall be assumed for 
both the proposed design and standard reference design. 
 
 
TABLE 405.5.2(2) DEFAULT DISTRIBUTION SYSTEM EFFICIENCIES FOR 
PROPOSED DESIGNSa  

DISTRIBUTION SYSTEM CONFIGURATION AND 
CONDITION: 

FORCED AIR 
SYSTEMS 

HYDRONIC 
SYSTEMSb 

Distribution system components located in unconditioned 
space — 0.95 

Untested distribution systems entirely located in conditioned 
spacec 0.88 1 

"Ductless" systemsd 1 — 

 
For SI: 1 cubic foot per minute = 0.47 L/s; 1 square foot = 0.093m2; 1 pound per square inch = 6895 Pa; 1 inch 
water gauge = 1250 Pa.  
 
a. Default values given by this table are for untested distribution systems, which must still meet minimum 
requirements for duct system insulation.  
 
b. Hydronic systems shall mean those systems that distribute heating and cooling energy directly to individual 
spaces using liquids pumped through closed loop piping and that do not depend on ducted, forced airflow to 
maintain space temperatures.  
 
c. Entire system in conditioned space shall mean that no component of the distribution system, including the air 
handler unit, is located outside of the conditioned space.  
 
d. Ductless systems shall be allowed to have forced airflow across a coil but shall not have any ducted airflow 
external to the manufacturer's air handler enclosure. 

 
405.6 Calculation software tools.  
 

405.6.1 Minimum capabilities. Calculation procedures used to comply with this 
section shall be software tools capable of calculating the annual energy consumption 
of all building elements that differ between the standard reference design and 
the proposed design and shall include the following capabilities: 
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1. Computer generation of the standard reference design using only the input for 
the proposed design. The calculation procedure shall not allow the user to directly 
modify the building component characteristics of the standard reference design. 
 
2. Calculation of whole-building (as a single zone) sizing for the heating and cooling 
equipment in the standard reference design residence in accordance with Section 
M1401.3 of the International Residential Code. 
 
3. Calculations that account for the effects of indoor and outdoor temperatures and 
part-load ratios on the performance of heating, ventilating and air-conditioning 
equipment based on climate and equipment sizing. 
 
4. Printed code official inspection checklist listing each of the proposed 
design component characteristics from Table 405.5.2(1) determined by the analysis 
to provide compliance, along with their respective performance ratings (e.g., R-
value, U-factor, SHGC, HSPF, AFUE, SEER, EF, etc.). 
 
405.6.2 Specific approval. Performance analysis tools meeting the applicable 
sections of Section 405 shall be permitted to be approved. Tools are permitted to 
be approved based on meeting a specified threshold for a jurisdiction. The code 
official shall be permitted to approve tools for a specified application or limited scope. 
 
405.6.3 Input values. When calculations require input values not specified 
by Sections 402, 403, 404 and 405, those input values shall be taken from 
an approved source 

	  

SECTION 501 GENERAL  
 
501.1 Scope. The requirements contained in this chapter are applicable to commercial 
buildings, or portions of commercial buildings. These commercial buildings shall meet either 
the requirements of ANSI/ASHRAE/IESNA Standard 90.1,Energy Standard for Buildings 
Except for Low-Rise Residential Buildings, or the requirements contained in this chapter.  
 
501.2 Application. The commercial building project shall comply with the requirements 
in Sections 502 (Building envelope requirements), 503 (Building mechanical systems), 504 
(Service water heating) and 505 (Electrical power and lighting systems) in its entirety. As 
an alternative the commercial building project shall comply with the requirements of 
ANSI/ASHRAE/IESNA 90.1 in its entirety.  
 
Exception: Buildings conforming to Section 506, provided Sections 
502.4, 503.2, 504, 505.2, 505.3, 505.4, 505.6 and 505.7 are each satisfied. 

SECTION 502 BUILDING ENVELOPE REQUIREMENTS  
 
502.1 General (Prescriptive).  
 

502.1.1 Insulation and fenestration criteria. The building thermal envelope shall 
meet the requirements of Tables 502.2(1) and 502.3 based on the 
climate zone specified in Chapter 3. Commercial buildings or portions of commercial 
buildings enclosing Group R occupancies shall use the R-values from the "Group R" 
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column of Table 502.2(1). Commercial buildings or portions of commercial buildings 
enclosing occupancies other than Group R shall use the R-values from the "All other" 
column of Table 502.2(1). Buildings with a vertical fenestration area or skylight area 
that exceeds that allowed in Table 502.3 shall comply with the building envelope 
provisions of ASHRAE/IESNA 90.1. 
 
502.1.2 U-factor alternative. An assembly with a U-factor, C-factor, or F-factor 
equal or less than that specified in Table 502.1.2 shall be permitted as an alternative 
to the R-value in Table 502.2(1). Commercial buildings or portions of commercial 
buildings enclosing Group R occupancies shall use the U-factor, C-factor, or F-factor 
from the "Group R" column of Table 502.1.2. Commercial buildings or portions of 
commercial buildings enclosing occupancies other than Group R shall use the U-
factor, C-factor or F-factor from the "All other" column of Table 502.1.2.  
 
TABLE 502.1.2 BUILDING ENVELOPE REQUIREMENTS OPAQUE ELEMENT, 
MAXIMUM U-FACTORS  

CLIMATE ZONE 

3 

All other Group R 

Insulation entirely above deck U-0.048 U-0.048 

Metal buildings U-0.055 U-0.055 

Attic and other U-0.027 U-0.027 

Mass U-0.123 U-0.104 

Metal building U-0.084 U-0.084 

Metal framed U-0.084 U-0.064 

Wood framed and other U-0.089 U-0.089 

Below-grade walla C-1.140 C-1.140 

Mass U-0.107 U-0.087 

Joist/Framing — U-0.033 

Unheated slabs F-0.730 F-0.730 

Heated slabs F-0.900 F-0.900 
 
a. When heated slabs are placed below-grade, below grade walls must meet the F-factor requirements for 
perimeter insulation according to the heated slab-on-grade construction. 

 
502.2 Specific insulation requirements (Prescriptive). Opaque assemblies shall 
comply with Table 502.2(1).  
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TABLE 502.2(1) BUILDING ENVELOPE REQUIREMENTS - OPAQUE ASSEMBLIES  
 

CLIMATE ZONE 
3 

All other Group R 

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

Metal buildings (with R-5 
thermal blocksa, b) 

R-13 +  
R-13 R-19 

Attic and other R-38 R-38 
Mass R-7.6ci R-9.5ci 

Metal buildingb R-19 R-19 

Metal framed R-13 +  
R-3.8ci 

R-13 +  
R-7.5ci 

Wood framed and other R-13 R-13 

Below grade walld NR NR 

Mass R-6.3ci R-8.3ci 

Joist/Framing (steel/wood) R-19 R-30 

Unheated slabs NR NR 

Heated slabs 
R-10  

for 24 in. 
below 

R-10  
for 24 in. 

below 
Opaque doors     

Swinging U-0.70 U-0.70 

Roll-up or sliding U-1.45 U-1.45 
 
For SI: 1 inch = 25.4 mm.  
 
ci = Continuous insulation. NR = No requirement.  
 
a. When using R-value compliance method, a thermal spacer block is required, otherwise use the U-
factor compliance method. [see Tables 502.1.2 and 502.2(2)].  
 
b. Assembly descriptions can be found in Table 502.2(2).  
 
c. R-5.7 ci is allowed to be substituted with concrete block walls complying with ASTM C 90, ungrouted or 
partially grouted at 32 inches or less on center vertically and 48 inches or less on center horizontally, with 
ungrouted cores filled with material having a maximum thermal conductivity of 0.44 Btu-in./hr · ft2 · °F.  
 
d. When heated slabs are placed below grade, below-grade walls must meet the exterior insulation 
requirements for perimeter insulation according to the heated slab-on-grade construction.  
 
e. Steel floor joist systems shall to be R-38. 
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TABLE 502.2(2) BUILDING ENVELOPE REQUIREMENTS–OPAQUE ASSEMBLIES  
 
  

ROOFS DESCRIPTION REFERENCE 
R-19 Standing seam roof with single fiberglass insulation 

layer.  
 
This construction is R-19 faced fiberglass insulation 
batts draped perpendicular over the purlins. A 
minimum R-3.5 thermal spacer block is placed 
above the purlin/batt, and the roof deck is secured 
to the purlins. 

ANSI/ASHRAE/IESNA 90.1 
Table A2.3 including Addendum 
"G" 

R-13 + R-13 
R-13 + R-19 

Standing seam roof with two fiberglass insulation 
layers.  
 
The first R-value is for faced fiberglass insulation 
batts draped over purlins. The second R-value is 
for unfaced fiberglass insulation batts installed 
parallel to the purlins. A minimum R-3.5 thermal 
spacer block is placed above the purlin/batt, and 
the roof deck is secured to the purlins. 

ANSI/ASHRAE/IESNA 90.1 
Table A2.3 including Addendum 
"G" 

R-11 + R-19 FC 

Filled cavity fiberglass insulation.  
 
A continuous vapor barrier is installed below the 
purlins and uninterrupted by framing members. 
Both layers of uncompressed, unfaced fiberglass 
insulation rest on top of the vapor barrier and are 
installed parallel, between the purlins. A minimum 
R-3.5 thermal spacer block is placed above the 
purlin/batt, and the roof deck is secured to the 
purlins. 

ANSI/ASHRAE/IESNA 90.1 
Table A2.3 including Addendum 
"G" 

WALLS     
R-16, R-19 Single fiberglass insulation layer.  

 
The construction is faced fiberglass insulation batts 
installed vertically and compressed between the 
metal wall panels and the steel framing. 

ANSI/ASHRAE/IESNA 90.1 
Table A3.2 including Addendum 
"G" 

R-13 + R-5.6 ci 
R-19 + R-5.6 ci 

The first R-value is for faced fiberglass insulation 
batts installed perpendicular and compressed 
between the metal wall panels and the steel 
framing. The second rated R-value is for 
continuous rigid insulation installed between the 
metal wall panel and steel framing, or on the 
interior of the steel framing. 

ANSI/ASHRAE/IESNA 90.1 
Table A3.2 including Addendum 
"G" 

 

502.2.1 Roof assembly. The minimum thermal resistance (R-value) of the 
insulating material installed either between the roof framing or continuously on the 
roof assembly shall be as specified in Table 502.2(1), based on construction 
materials used in the roof assembly.  
 
Exception: Continuously insulated roof assemblies where the thickness of insulation 
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varies 1 inch (25 mm) or less and where the area-weighted U-factor is equivalent to 
the same assembly with the R-value specified in Table 502.2(1).  
 
Insulation installed on a suspended ceiling with removable ceiling tiles shall not be 
considered part of the minimum thermal resistance of the roof insulation. 
 
502.2.2 Classification of walls. Walls associated with the building envelope shall 
be classified in accordance with Section 502.2.2.1 or 502.2.2.2. 
 
502.2.2.1 Above-grade walls. Above-grade walls are those walls covered by 
Section 502.2.3 on the exterior of the building and completely above grade or walls 
that are more than 15 percent above grade. 
 
502.2.2.2 Below-grade walls. Below-grade walls covered by Section 502.2.4 are 
basement or first-story walls associated with the exterior of the building that are at 
least 85 percent below grade. 
 
502.2.3 Above-grade walls. The minimum thermal resistance (R-value) of the 
insulating material(s) installed in the wall cavity between the framing members and 
continuously on the walls shall be as specified in Table 502.2(1), based on framing 
type and construction materials used in the wall assembly. The R-value of integral 
insulation installed in concrete masonry units (CMU) shall not be used in determining 
compliance with Table 502.2(1). "Mass walls" shall include walls weighing at least (1) 
35 pounds per square foot (170 kg/m2) of wall surface area or (2) 25 pounds per 
square foot (120 kg/m2) of wall surface area if the material weight is not more than 
120 pounds per cubic foot (1900 kg/m3). 
 
502.2.4 Below-grade walls. The minimum thermal resistance (R-value) of the 
insulating material installed in, or continuously on, the below-grade walls shall be as 
specified in Table 502.2(1), and shall extend to a depth of 10 feet (3048 mm) below 
the outside finished ground level, or to the level of the floor, whichever is less. 
 
502.2.5 Floors over outdoor air or unconditioned space. The minimum thermal 
resistance (R-value) of the insulating material installed either between the floor 
framing or continuously on the floor assembly shall be as specified in Table 502.2(1), 
based on construction materials used in the floor assembly.  
 
"Mass floors" shall include floors weighing at least (1) 35 pounds per square foot 
(170 kg/m2) of floor surface area or (2) 25 pounds per square foot (120 kg/m2) of 
floor surface area if the material weight is not more than 120 pounds per cubic foot 
(1,900 kg/m3). 
 
502.2.6 Slabs on grade. The minimum thermal resistance (R-value) of the 
insulation around the perimeter of unheated or heated slab-on-grade floors shall be 
as specified in Table 502.2(1). The insulation shall be placed on the outside of the 
foundation or on the inside of a foundation wall. The insulation shall extend 
downward from the top of the slab for a minimum distance as shown in the table or 
to the top of the footing, whichever is less, or downward to at least the bottom of the 
slab and then horizontally to the interior or exterior for the total distance shown in 
the table. 
 
502.2.7 Opaque doors. Opaque doors (doors having less than 50 percent glass 
area) shall meet the applicable requirements for doors as specified in Table 502.2(1) 
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and be considered as part of the gross area of above-grade walls that are part of the 
building envelope. 

 
502.3 Fenestration (Prescriptive). Fenestration shall comply with Table 502.3.  
 
TABLE 502.3 BUILDING ENVELOPE REQUIREMENTS: FENESTRATION 
 
 

CLIMATE ZONE 3 

U-factor 0.65 

Curtain wall/storefront U-
factor 

0.60 

Entrance door U-factor 0.90 

All other U-factora 0.65 

SHGC: PF < 0.25 0.25 

SHGC: 0.25 ≤ PF < 0.5 0.33 

SHGC: PF ≥ 0.5 0.40 

U-factor 0.65 

SHGC 0.35 

 
  
NR = No requirement. 
PF = Projection factor (see Section 502.3.2). 
a. All others includes operable windows, fixed windows and nonentrance doors. 
 

502.3.1 Maximum area. The vertical fenestration area (not including opaque 
doors) shall not exceed the percentage of the gross wall area specified in Table 
502.3. The skylight area shall not exceed the percentage of the gross roof area 
specified in Table 502.3. 
 
502.3.2 Maximum U-factor and SHGC. For vertical fenestration, the maximum U-
factor and solar heat gain coefficient (SHGC) shall be as specified in Table 502.3, 
based on the window projection factor. For skylights, the maximum U-factor and 
solar heat gain coefficient (SHGC) shall be as specified in Table 502.3.  
 
The window projection factor shall be determined in accordance with Equation 5-1.  
 
PF = A/B              (Equation 5-1)  
 
where:  
 
PF = Projection factor (decimal).  
 
A = Distance measured horizontally from the furthest continuous extremity of any 
overhang, eave, or permanently attached shading device to the vertical surface of 
the glazing.  
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B = Distance measured vertically from the bottom of the glazing to the underside of 
the overhang, eave, or permanently attached shading device.  
 
Where different windows or glass doors have different PF values, they shall each be 
evaluated separately, or an area-weighted PF value shall be calculated and used for 
all windows and glass doors. 

 
502.4 Air leakage (Mandatory).  
 
 

502.4.1 Window and door assemblies. The air leakage of window and sliding or 
swinging door assemblies that are part of the building envelope shall be determined 
in accordance with AAMA/WDMA/CSA 101/I.S.2/A440, or NFRC 400 by an 
accredited, independent laboratory, and labeled and certified by the manufacturer 
and shall not exceed the values in Section 402.4.2.  
 
Exception: Site-constructed windows and doors that are weatherstripped or sealed 
in accordance with Section 502.4.3. 
 
502.4.2 Curtain wall, storefront glazing and commercial entrance 
doors. Curtain wall, storefront glazing and commercial-glazed swinging entrance 
doors and revolving doors shall be tested for air leakage at 1.57 pounds per square 
foot (psf) (75 Pa) in accordance with ASTM E 283. For curtain walls 
and storefront glazing, the maximum air leakage rate shall be 0.3 cubic foot per 
minute per square foot (cfm/ft2) (5.5 m3/h × m2) of fenestration area. For 
commercial glazed swinging entrance doors and revolving doors, the maximum air 
leakage rate shall be 1.00 cfm/ft2 (18.3 m3/h × m2) of door area when tested in 
accordance with ASTM E 283. 
 
502.4.3 Sealing of the building envelope. Openings and penetrations in the 
building envelope shall be sealed with caulking materials or closed with gasketing 
systems compatible with the construction materials and location. Joints and seams 
shall be sealed in the same manner or taped or covered with a moisture vapor-
permeable wrapping material. Sealing materials spanning joints between 
construction materials shall allow for expansion and contraction of the construction 
materials. 
 
502.4.5 Outdoor air intakes and exhaust openings. Stair and elevator shaft 
vents and other outdoor air intakes and exhaust openings integral to the building 
envelope shall be equipped with not less than a Class I motorized, leakage-rated 
damper with a maximum leakage rate of 4 cfm per square foot (6.8 L/s · C m2) at 
1.0 inch water gauge (w.g.) (1250 Pa) when tested in accordance with AMCA 500D.  
 
Exception: Gravity (nonmotorized) dampers are permitted to be used in buildings 
less than three stories in height above grade. 
502.4.6 Loading dock weather-seals. Cargo doors and loading dock doors shall 
be equipped with weather-seals to restrict infiltration when vehicles are parked in the 
doorway. 
 
502.4.7 Vestibules. A door that separates conditioned space from the exterior shall 
be protected with an enclosed vestibule, with all doors opening into and out of the 
vestibule equipped with self-closing devices. Vestibules shall be designed so that in 
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passing through the vestibule it is not necessary for the interior and exterior doors to 
open at the same time.  
 
Exceptions: 
 
1. Buildings in climate Zones 1 and 2 as indicated in Figure 301.1 and Table 301.1. 
 
2. Doors not intended to be used as a building entrance door, such as doors to 
mechanical or electrical equipment rooms. 
 
3. Doors opening directly from a sleeping unit or dwelling unit. 
 
4. Doors that open directly from a space less than 3,000 square feet (298 m2) in 
area. 
 
5. Revolving doors. 
 
6. Doors used primarily to facilitate vehicular movement or material handling and 
adjacent personnel doors. 
 
502.4.8 Recessed lighting. Recessed luminaires installed in the building thermal 
envelope shall be sealed to limit air leakage between conditioned and unconditioned 
spaces. All recessed luminaires shall be IC-rated and labeledas meeting ASTM E 283 
when tested at 1.57 psf (75 Pa) pressure differential with no more than 2.0 cfm 
(0.944 L/s) of air movement from the conditioned space to the ceiling cavity. All 
recessed luminaires shall be sealed with a gasket or caulk between the housing and 
interior wall or ceiling covering. 

 

SECTION 506 TOTAL BUILDING PERFORMANCE  
 
506.1 Scope. This section establishes criteria for compliance using total building 
performance. The following systems and loads shall be included in determining the total 
building performance: heating systems, cooling systems, service water heating, fan 
systems, lighting power, receptacle loads and process loads.  
 
506.2 Mandatory requirements. Compliance with this section requires that the criteria 
of Sections 502.4, 503.2, 504 and 505 be met.  
 
506.3 Performance-based compliance. Compliance based on total building performance 
requires that a proposed building (proposed design) be shown to have an annual energy 
cost that is less than or equal to the annual energy cost of the standard reference 
design. Energy prices shall be taken from a source approved by the code official, such as 
the Department of Energy, Energy Information Administration's State Energy Price and 
Expenditure Report. Code officials shall be permitted to require time-of-use pricing in 
energy cost calculations. Nondepletable energy collected off site shall be treated and priced 
the same as purchased energy. Energy from nondepletable energy sources collected on site 
shall be omitted from the annual energy cost of the proposed design.  
 
Exception: Jurisdictions that require site energy (1 kWh = 3413 Btu) rather than energy 
cost as the metric of comparison.  
 
506.4 Documentation. Documentation verifying that the methods and accuracy of 
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compliance software tools conform to the provisions of this section shall be provided to 
the code official.  
 
 

506.4.1 Compliance report. Compliance software tools shall generate a report that 
documents that the proposed design has annual energy costs less than or equal to 
the annual energy costs of the standard reference design. The compliance 
documentation shall include the following information: 
 
1. Address of the building; 
 
2. An inspection checklist documenting the building component characteristics of 
the proposed design as listed in Table 506.5.1(1). The inspection checklist shall show 
the estimated annual energy cost for both the standard reference design and 
the proposed design; 
 
3. Name of individual completing the compliance report; and 
 
4. Name and version of the compliance software tool. 
 
506.4.2 Additional documentation. The code official shall be permitted to require 
the following documents: 
 
1. Documentation of the building component characteristics of the standard 
reference design; 
 
2. Thermal zoning diagrams consisting of floor plans showing the thermal zoning 
scheme for standard reference design and proposed design. 
 
3. Input and output report(s) from the energy analysis simulation program 
containing the complete input and output files, as applicable. The output file shall 
include energy use totals and energy use by energy source and end-use served, total 
hours that space conditioning loads are not met and any errors or warning messages 
generated by the simulation tool as applicable; 
 
4. An explanation of any error or warning messages appearing in the simulation tool 
output; and 
 
5. A certification signed by the builder providing the building component 
characteristics of the proposed design as given in Table 506.5.1(1). 

 

506.5 Calculation procedure. Except as specified by this section, the standard reference 
design and proposed design shall be configured and analyzed using identical methods and 
techniques.  

506.5.1 Building specifications. The standard reference design and proposed 
design shall be configured and analyzed as specified by Table 506.5.1(1). Table 
506.5.1(1) shall include by reference all notes contained in Table 502.2(1).  
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TABLE 506.5.1(1) SPECIFICATIONS FOR THE STANDARD REFERENCE AND 
PROPOSED DESIGNS  

BUILDING COMPONENT 
CHARACTERISTICS STANDARD REFERENCE DESIGN 

PROPOSED 
DESIGN 

Space use classification Same as proposed 

The space 
use 
classification 
shall be 
chosen in 
accordance 
with Table 
505.5.2 for 
all areas of 
the building 
covered by 
this permit. 
Where the 
space use 
classification 
for a 
building is 
not known, 
the building 
shall be 
categorized 
as an office 
building. 

Roofs 

Type: Insulation entirely above deck 
Gross area: same as proposed  
U-factor: from Table 502.1.2  
Solar absorptance: 0.75  
Emittance: 0.90 

As proposed 
As proposed 
As proposed 
As proposed 
As proposed 

Walls, above-grade 

Type: Mass wall if proposed wall is mass; otherwise 
steel-framed wall  
Gross area: same as proposed  
U-factor: from Table 502.1.2  
Solar absorptance: 0.75  
Emittance: 0.90 

As proposed 
As proposed 
As proposed 
As proposed 
As proposed 

Walls, below-grade 

Type: Mass wall  
Gross area: same as proposed  
U-Factor: from Table 502.1.2 with insulation layer on 
interior side of walls 

As proposed 
As proposed 
As proposed 

Floors, above-grade 
Type: joist/framed floor  
Gross area: same as proposed  
U-factor: from Table 502.1.2 

As proposed 
As proposed 
As proposed 

Floors, slab-on-grade Type: Unheated  
F-factor: from Table 502.1.2 

As proposed 
As proposed 
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Doors 
Type: Swinging  
Area: Same as proposed  
U-factor: from Table 502.2(1) 

As proposed 
As proposed 
As proposed 

Glazing 

Area:  
(a) The proposed glazing area; where the proposed 
glazing area is less than 40 
     percent of above-grade wall area.  
 
(b) 40 percent of above-grade wall area; where the 
proposed glazing area is 40 
     percent or more of the above-grade wall area.  
 
U-factor: from Table 502.3  
SHGC: from Table 502.3 except that for climates with no 
  requirement (NR) SHGC = 0.40 shall be used  
External shading and PF: None 

As proposed 
  
  
  
  
  
As proposed 
As proposed 
As proposed 

Skylights 

Area:  
(a) The proposed skylight area; where the proposed 
skylight 
     area is less than 3 percent of gross area of roof 
assembly.  
 
(b) 3 percent of gross area of roof assembly; where the 
proposed 
     skylight area is 3 percent or more of gross area of 
roof assembly.  
 
U-factor: from Table 502.3  
SHGC: from Table 502.3 except that for climates with no 
  requirement (NR) SHGC = 0.40 shall be used 

As proposed 

  

  

  

  

As proposed 

As proposed 

  

Lighting, interior 

The interior lighting power shall be determined in 
accordance with Table 505.5.2. Where the occupancy of 
the building is not known, the lighting power density shall 
be 1.0 Watt per square foot (10.73 W/m2) based on the 
categorization of buildings with unknown space 
classification as offices. 

As proposed 

Lighting, exterior 

The lighting power shall be determined in accordance 
with 
  Table 505.6.2(2). Areas and dimensions of tradable 
and 
  nontradable surfaces shall be the same as proposed. 

As proposed 
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TABLE 506.5.1(1)-continued SPECIFICATIONS FOR THE STANDARD REFERENCE AND 
PROPOSED DESIGNS  

BUILDING 
COMPONENTCHARACTERISTICS 

STANDARD REFERENCE 
DESIGN PROPOSED DESIGN 

Internal gains Same as propose 

Receptacle, motor and 
process loads shall be 
modeled and estimated 
based on the space use 
classification. All end-use 
load components within and 
associated with the building 
shall be modeled to include, 
but not be limited to, the 
following: exhaust fans, 
parking garage ventilation 
fans, exterior building 
lighting, swimming pool 
heaters and pumps, 
elevators, escalators, 
refrigeration equipment and 
cooking equipment. 

Schedules Same as proposed 

Operating schedules shall 
include hourly profiles for 
daily operation and shall 
account for variations 
between weekdays, 
weekends, holidays and any 
seasonal operation. 
Schedules shall model the 
time-dependent variations in 
occupancy, illumination, 
receptacle loads, thermostat 
settings, mechanical 
ventilation, HVAC 
equipment availability, 
service hot water usage and 
any process loads. The 
schedules shall be typical of 
the proposed building type 
as determined by the 
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designer and approved by 
the jurisdiction. 

Mechanical ventilation Same as proposed As proposed, in accordance 
with Section 503.2.5. 

Heating systems 

Fuel type: same as proposed 
design  
Equipment typea: from Tables 
506.5.1(2) and 506.5.1(3) 
Efficiency: from Tables 
503.2.3(4) and 503.2.3(5)  
Capacityb: sized proportionally 
to the capacities in the 
proposed design based on 
sizing runs, and shall be 
established such that no 
smaller number of unmet 
heating load hours and no 
larger heating capacity safety 
factors are provided than in the 
proposed design. 

As proposed 
As proposed 
As proposed 
As proposed 

  
  

  

Cooling systems 

Fuel type: same as proposed 
design  
Equipment typec: from Tables 
506.5.1(2) and 506.5.1(3) 
Efficiency: from Tables 
503.2.3(1), 503.2.3(2) and 
503.2.3(3) 
Capacityb: sized proportionally 
to the capacities in the 
proposed design based on 
sizing runs, and shall be 
established such that no 
smaller number of unmet 
cooling load hours and no 
larger cooling capacity safety 
factors are provided than in the 
proposed design. 
Economizerd: same as 
proposed, in accordance 
with Section 503.4.1. 

As proposed 
As proposed 
As proposed 
As proposed 

  

  
As proposed 

Service water heating 

Fuel type: same as proposed  
Efficiency: from Table 504.2  
Capacity: same as proposed  
Where no service water hot 
water system exists or is 
specified in the proposed 
design, no service hot water 
heating shall be modeled. 

As proposed 

As proposed 

As proposed 
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a. Where no heating system exists or has been specified, the heating system shall be 
modeled as fossil fuel. The system characteristics shall be identical in both the 
standard reference design and proposed design. 
  
b. The ratio between the capacities used in the annual simulations and the capacities 
determined by sizing runs shall be the same for both the standard reference design 
and proposed design. 
  
c. Where no cooling system exists or no cooling system has been specified, the 
cooling system shall be modeled as an air-cooled single-zone system, one unit per 
thermal zone. The system characteristics shall be identical in both the standard 
reference design and proposed design. 
  
d. If an economizer is required in accordance with Table 503.3.1 (1), and if no 
economizer exists or is specified in the proposed design, then a supply air 
economizer shall be provided in accordance with Section 503.4.1. 
 
 
TABLE 506.5.1(2) HVAC SYSTEMS MAP  

CONDENSER 
COOLING 
SOURCEa 

HEATING 
SYSTEM 

CLASSIFICATIONb 

STANDARD REFERENCE DESIGN HVC SYSTEM TYPEc 
Single-

zoneResidential 
System 

Single-zone  
Nonresidential 

System All Other 

Water/ground 

Electric resistance System 5 System 5 System 1 

Heat pump System 6 System 6 System 6 

Fossil fuel System 7 System 7 System 2 

Air/none 

Electric resistance System 8 System 9 System 3 

Heat pump System 8 System 9 System 3 

Fossil fuel System 10 System 11 System 4 
 
  
a. Select "water/ground" if the proposed design system condenser is water or evaporatively 
cooled; select "air/none" if the condenser is air cooled. Closed-circuit dry coolers shall be 
considered air cooled. Systems utilizing district cooling shall be treated as if the condenser 
water type were "water." If no mechanical cooling is specified or the mechanical cooling 
system in the proposed design does not require heat rejection, the system shall be treated 
as if the condenser water type were "Air." For proposed designs with ground-source or 
groundwater-source heat pumps, the standard reference design HVAC system shall be 
water-source heat pump (System 6).  
 
b. Select the path that corresponds to the proposed design heat source: electric resistance, 
heat pump (including air source and water source), or fuel fired. Systems utilizing district 
heating (steam or hot water) and systems with no heating capability shall be treated as if 
the heating system type were "fossil fuel." For systems with mixed fuel heating sources, the 
system or systems that use the secondary heating source type (the one with the smallest 
total installed output capacity for the spaces served by the system) shall be modeled 
identically in the standard reference design and the primary heating source type shall be 
used to determine standard reference design HVAC system type.  
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c. Select the standard reference design HVAC system category: The system under "single-
zone residential system" shall be selected if the HVAC system in the proposed design is a 
single-zone system and serves a residential space. The system under "single-zone 
nonresidential system" shall be selected if the HVAC system in the proposed design is a 
single-zone system and serves other than residential spaces. The system under "all other" 
shall be selected for all other cases. 
 
 
TABLE 506.5.1(3) SPECIFICATIONS FOR THE STANDARD REFERENCE DESIGN HVAC 
SYSTEM DESCRIPTIONS 
 

SYSTEM 
NO. SYSTEM TYPE 

FAN 
CONTROL 

COOLING 
TYPE HEATING TYPE 

1 Variable air volume with parallel 
fan-powered boxesa VAVd Chilled watere Electric resistance 

2 Variable air volume with reheatb VAVd Chilled watere Hot water fossil fuel 
boilerf 

3 Packaged variable air volume 
with parallel fan-powered boxesa VAV Direct 

expansionc Electric resistance 

4 Packaged variable air volume 
with reheatb VAVd Direct 

expansionc 
Hot water fossil fuel 
boilerf 

5 Two-pipe fan coil 
Constant 
volumei Chilled watere Electric resistance 

6 Water-source heat pump 
Constant 
volumei 

Direct 
expansionc 

Electric heat pump 
and boilerg 

7 Four-pipe fan coil 
Constant 
volumei Chilled watere Hot water fossil fuel 

boilerf 

8 Packaged terminal heat pump 
Constant 
volumei 

Direct 
expansionc Electric heat pumph 

9 Packaged rooftop heat pump 
Constant 
volumei 

Direct 
expansionc Electric heat pumph 

10 Packaged terminal air 
conditioner 

Constant 
volumei 

Direct 
expansion 

Hot water fossil fuel 
boilerf 

11 Packaged rooftop air conditioner 
Constant 
volumei 

Direct 
expansion Fossil fuel furnace 

 
For SI: 1 foot = 304.8 mm, 1 cfm/ft2 = 0.0004719, 1 Btu/h = 0.293/W, °C = [(°F) -
32/1.8]. 
  
a. VAV with parallel boxes: Fans in parallel VAV fan-powered boxes shall be sized 
for 50 percent of the peak design flow rate and shall be modeled with 0.35 W/cfm 
fan power. Minimum volume setpoints for fan-powered boxes shall be equal to the 
minimum rate for the space required for ventilation consistent withSection 503.4.5, 
Exception 5. Supply air temperature setpoint shall be constant at the design 
condition. 
  
b. VAV with reheat: Minimum volume setpoints for VAV reheat boxes shall be 0.4 
cfm/ft2 of floor area. Supply air temperature shall be reset based on zone demand 
from the design temperature difference to a 10°F temperature difference under 
minimum load conditions. Design airflow rates shall be sized for the reset supply air 
temperature, i.e., a 10°F temperature difference. 
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c. Direct expansion: The fuel type for the cooling system shall match that of the 
cooling system in the proposed design. 
  
d. VAV: Constant volume can be modeled if the system qualifies for Exception 
1, Section 503.4.5. When the proposed design system has a supply, return or relief 
fan motor 25 horsepower (hp) or larger, the corresponding fan in the VAV system of 
the standard reference design shall be modeled assuming a variable speed drive. For 
smaller fans, a forward-curved centrifugal fan with inlet vanes shall be modeled. If 
the proposed design's system has a direct digital control system at the zone level, 
static pressure setpoint reset based on zone requirements in accordance with Section 
503.4.2 shall be modeled. 
  
e. Chilled water: For systems using purchased chilled water, the chillers are not 
explicitly modeled and chilled water costs shall be based as determined inSections 
506.3 and 506.5.2. Otherwise, the standard reference design's chiller plant shall be 
modeled with chillers having the number as indicated in Table 506.5.1(4) as a 
function of standard reference building chiller plant load and type as indicated in 
Table 506.5.1(5) as a function of individual chiller load. Where chiller fuel source is 
mixed, the system in the standard reference design shall have chillers with the same 
fuel types and with capacities having the same proportional capacity as the proposed 
design's chillers for each fuel type. Chilled water supply temperature shall be 
modeled at 44°F design supply temperature and 56°F return temperature. Piping 
losses shall not be modeled in either building model. Chilled water supply water 
temperature shall be reset in accordance with Section 503.4.3.4. Pump system 
power for each pumping system shall be the same as the proposed design; if the 
proposed design has no chilled water pumps, the standard reference design pump 
power shall be 22 W/gpm (equal to a pump operating against a 75-foot head, 65-
percent combined impeller and motor efficiency). The chilled water system shall be 
modeled as primary-only variable flow with flow maintained at the design rate 
through each chiller using a bypass. Chilled water pumps shall be modeled as riding 
the pump curve or with variable-speed drives when required in Section 
503.4.3.4. The heat rejection device shall be an axial fan cooling tower with two-
speed fans if required in Section 503.4.4. Condenser water design supply 
temperature shall be 85°F or 10°F approach to design wet-bulb temperature, 
whichever is lower, with a design temperature rise of 10°F. The tower shall be 
controlled to maintain a 70°F leaving water temperature where weather permits, 
floating up to leaving water temperature at design conditions. Pump system power 
for each pumping system shall be the same as the proposed design; if the proposed 
design has no condenser water pumps, the standard reference design pump power 
shall be 19 W/gpm (equal to a pump operating against a 60-foot head, 60-percent 
combined impeller and motor efficiency). Each chiller shall be modeled with separate 
condenser water and chilled water pumps interlocked to operate with the associated 
chiller. 
  
f. Fossil fuel boiler: For systems using purchased hot water or steam, the boilers 
are not explicitly modeled and hot water or steam costs shall be based on actual 
utility rates. Otherwise, the boiler plant shall use the same fuel as the proposed 
design and shall be natural draft. The standard reference design boiler plant shall be 
modeled with a single boiler if the standard reference design plant load is 600,000 
Btu/h and less and with two equally sized boilers for plant capacities exceeding 
600,000 Btu/h. Boilers shall be staged as required by the load. Hot water supply 
temperature shall be modeled at 180°F design supply temperature and 130°F return 
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temperature. Piping losses shall not be modeled in either building model. Hot water 
supply water temperature shall be reset in accordance with Section 503.4.3.4. Pump 
system power for each pumping system shall be the same as the proposed design; if 
the proposed design has no hot water pumps, the standard reference design pump 
power shall be 19 W/gpm (equal to a pump operating against a 60-foot head, 60-
percent combined impeller and motor efficiency). The hot water system shall be 
modeled as primary only with continuous variable flow. Hot water pumps shall be 
modeled as riding the pump curve or with variable speed drives when required 
by Section 503.4.3.4. 
  
g. Electric heat pump and boiler: Water-source heat pumps shall be connected to 
a common heat pump water loop controlled to maintain temperatures between 60°F 
and 90°F. Heat rejection from the loop shall be provided by an axial fan closed-
circuit evaporative fluid cooler with two-speed fans if required inSection 
503.4.2. Heat addition to the loop shall be provided by a boiler that uses the same 
fuel as the proposed design and shall be natural draft. If no boilers exist in the 
proposed design, the standard reference building boilers shall be fossil fuel. The 
standard reference design boiler plant shall be modeled with a single boiler if the 
standard reference design plant load is 600,000 Btu/h or less and with two equally 
sized boilers for plant capacities exceeding 600,000 Btu/h. Boilers shall be staged as 
required by the load. Piping losses shall not be modeled in either building model. 
Pump system power shall be the same as the proposed design; if the proposed 
design has no pumps, the standard reference design pump power shall be 22 
W/gpm, which is equal to a pump operating against a 75-foot head, with a 65-
percent combined impeller and motor efficiency. Loop flow shall be variable with flow 
shutoff at each heat pump when its compressor cycles off as required by Section 
503.4.3.3. Loop pumps shall be modeled as riding the pump curve or with variable 
speed drives when required bySection 503.4.3.4. 
  
h. Electric heat pump: Electric air-source heat pumps shall be modeled with 
electric auxiliary heat. The system shall be controlled with a multistage space 
thermostat and an outdoor air thermostat wired to energize auxiliary heat only on 
the last thermostat stage and when outdoor air temperature is less than 40°F. 
  
i. Constant volume: Fans shall be controlled in the same manner as in the 
proposed design; i.e., fan operation whenever the space is occupied or fan operation 
cycled on calls for heating and cooling. If the fan is modeled as cycling and the fan 
energy is included in the energy efficiency rating of the equipment, fan energy shall 
not be modeled explicitly. 
 
 
TABLE 506.5.1(4) NUMBER OF CHILLERS  

TOTAL CHILLER PLANT 
CAPACITY NUMBER OF CHILLERS 
≤ 300 tons 1 

> 300 tons, < 600 tons 2, sized equally 

≥ 600 tons 2 minimum, with chillers added so that no chiller is larger than 
800 tons, all sized equally 

 
For SI: 1 ton = 3517 w. 
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TABLE 506.5.1(5) WATER CHILLER TYPES  

INDIVIDUAL CHILLER PLANT 
CAPACITY 

ELECTRIC CHILLER 
TYPE FOSSIL FUEL CHILLER TYPE 

≤ 100 tons Reciprocating Single-effect absorption, direct fired 

> 100 tons, < 300 tons Screw Double-effect absorption, direct fired 

≥ 300 tons Centrifugal Double-effect absorption, direct fired 
 
For SI: 1 ton = 3517 w. 
 
506.5.2 Thermal blocks. The standard reference design and proposed design shall 
be analyzed using identical thermal blocks as required in Section 
506.5.2.1, 506.5.2.2 or 506.5.2.3. 
 
506.5.2.1 HVAC zones designed. Where HVAC zones are defined on HVAC design 
drawings, each HVAC zone shall be modeled as a separate thermal block.  
 
Exception: Different HVAC zones shall be allowed to be combined to create a single 
thermal block or identical thermal blocks to which multipliers are applied provided: 
 
1. The space use classification is the same throughout the thermal block. 
 
2. All HVAC zones in the thermal block that are adjacent to glazed exterior walls face 
the same orientation or their orientations are within 45 degrees (0.79 rad) of each 
other. 
 
3. All of the zones are served by the same HVAC system or by the same kind of 
HVAC system. 
 
506.5.2.2 HVAC zones not designed. Where HVAC zones have not yet been 
designed, thermal blocks shall be defined based on similar internal load densities, 
occupancy, lighting, thermal and temperature schedules, and in combination with the 
following guidelines: 
 
1. Separate thermal blocks shall be assumed for interior and perimeter spaces. 
Interior spaces shall be those located more than 15 feet (4572 mm) from an exterior 
wall. Perimeter spaces shall be those located closer than 15 feet (4572 mm) from 
an exterior wall. 
 
2. Separate thermal blocks shall be assumed for spaces adjacent to glazed exterior 
walls: a separate zone shall be provided for each orientation, except orientations 
that differ by no more than 45 degrees (0.79 rad) shall be permitted to be 
considered to be the same orientation. Each zone shall include floor area that is 15 
feet (4572mm) or less from a glazed perimeter wall, except that floor area within 15 
feet (4572 mm) of glazed perimeter walls having more than one orientation shall be 
divided proportionately between zones. 
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3. Separate thermal blocks shall be assumed for spaces having floors that are in 
contact with the ground or exposed to ambient conditions from zones that do not 
share these features. 
 
4. Separate thermal blocks shall be assumed for spaces having exterior ceiling or 
roof assemblies from zones that do not share these features. 
 
506.5.2.3 Multifamily residential buildings. Residential spaces shall be modeled 
using one thermal block per space except that those facing the same orientations are 
permitted to be combined into one thermal block. Corner units and units with roof or 
floor loads shall only be combined with units sharing these features. 

 

506.6 Calculation software tools. Calculation procedures used to comply with this 
section shall be software tools capable of calculating the annual energy consumption of all 
building elements that differ between the standard reference design and the proposed 
design and shall include the following capabilities.  

1. Computer generation of the standard reference design using only the input for 
the proposed design. The calculation procedure shall not allow the user to directly 
modify the building component characteristics of the standard reference design. 
 
2. Building operation for a full calendar year (8760 hours). 
 
3. Climate data for a full calendar year (8760 hours) and shall 
reflect approved coincident hourly data for temperature, solar radiation, humidity 
and wind speed for the building location. 
 
4. Ten or more thermal zones. 
 
5. Thermal mass effects. 
 
6. Hourly variations in occupancy, illumination, receptacle loads, thermostat settings, 
mechanical ventilation, HVAC equipment availability, service hot water usage and 
any process loads. 
 
7. Part-load performance curves for mechanical equipment. 
 
8. Capacity and efficiency correction curves for mechanical heating and cooling 
equipment. 
 
9. Printed code official inspection checklist listing each of the proposed 
design component characteristics from Table 506.5.1(1) determined by the analysis 
to provide compliance, along with their respective performance ratings (e.g., R-
value, U-factor, SHGC, HSPF, AFUE, SEER, EF, etc.). 
 
506.6.1 Specific approval. Performance analysis tools meeting the applicable 
subsections of Section 506 and tested according to ASHRAE Standard 140 shall be 
permitted to be approved. Tools are permitted to be approved based on meeting a 
specified threshold for a jurisdiction. The code official shall be permitted to approve 
tools for a specified application or limited scope. 
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506.6.2 Input values. When calculations require input values not specified 
by Sections 502, 503, 504 and 505, those input values shall be taken from 
an approved source. 

	  


