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_____________________________________________________________________________________________ 

 

Modifications to the standards stated by International Energy Conservation Code (IECC) and 

ASHRAE Standard 90.1 are ongoing in response to growing performance expectations beyond the 

construction industry. As these standards are increasingly stringent, clients are often concerned 

primarily with cost constraints over energy performance. Can the mere substitution of one rigid 

insulation type for another pay for itself?  Research compiled within this study sought to clearly and 

conveniently compile basic performance and necessary standards as they pertain to building 

envelope design, as well as a brief comparison of potential insulation types for professional 

reference in a manner that is easily accessible. 

_____________________________________________________________________________________________ 
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INTRODUCTION TO ENERGY CODES & STANDARDS 

The structure of the International Energy Conservation Code (IECC) and ASHRAE Standard 90.1, as 

well as their respective development and adoption processes, parallels and variances in 

performance values are crucial to the full understanding of the implications of alterations to such 

standards. Though the summarized information provided is meant to summarize sections pertaining 

solely to the building envelope, the given information and research is intended to focus primarily on 

the Upper Midwestern United States. For this report, the region has been defined as northern Iowa, 

the upper peninsula of Michigan, Minnesota, North Dakota, South Dakota and Wisconsin. 

CODE ADOPTION & DEVELOPMENT, MIDWEST STATE ADOPTION STATUS ANALYSIS  

Energy code adoption typically accompanies a wider set of codes within the built environment; 

typically, they are adopted at state and local jurisdiction levels. Through legislative action or 

“regulatory agencies authorized by the authoritative legislative body…once adopted through 

regulation, the code becomes law within the particular…jurisdiction” (US Department of Energy, 

2012). Legislative action follows the initial code adoption proposal, which typically includes public 

commentary, hearings and revisions. The process concludes with the final approval of both the 

jurisdiction’s elected official and the commanding voting body, thereby writing the adopted codes 

into effective statutory law. 

Typically preferred by local professionals, regulatory action encourages public opinion. State and 

local government-appointed committees of related industry professionals assess code 

requirements and provisions. The proposal, along with the committee’s remarks, undergoes public 

review, where necessary alterations and further remarks are included for final approval.  

Regardless of whether or not a state-wide building code has been adopted, the building energy 

code is considered to be “adopted and enforced at the jurisdictional level where building 

construction and permitting take place” (Cort & Butner, 2012). Jurisdictional levels include counties 
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or local municipalities; as there are countless thousands of such jurisdictions, it is nearly impossible 

to track the status and adoption of each. Instead, the Building Energy Codes Program of the 

Department of Energy tracks the code adoption status at the state level.  

 

 

 

 

 

 

 

States within the Midwest Energy Efficiency Alliance (MEEA) which were examined in a 2012 study 

for the Building Energy Codes Program by Pacific Northwest National Laboratory to determine the 

effective code adoption rate at a local level and possible influential factors. North Dakota, Iowa, 

Illinois, Kansas and Missouri were examined; of the five states only North Dakota, Kansas and 

Missouri have not adopted a state-wide energy code, reporting smaller jurisdiction area adoption 

rates of 68%, 39% and 88%, respectively. Iowa and Illinois report with rates of 81% and 84%, 

respectively. It was concluded those with a statewide adopted energy code typically presented with 

significantly higher rates of jurisdiction code adoption than those without a statewide energy code. 

Although neither North Dakota nor Missouri have statewide adopted energy codes, results indicated 

adoption rates comparable to the averages of those with statewide codes (Cort & Butner, 2012). 

When these codes are adopted statewide, they are either implemented as mandatory statewide 

code or as statewide code with jurisdictional adoption flexibility. The latter allows for flexibility through 

exemptions for specific locations or legislative structure in keeping with state tradition. Mandatory 
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statewide codes by comparison are far more rigid, flexible only in that jurisdictions may be permitted 

to adopt alternative codes provided they meet or exceed the adopted statewide code (Cort & Butner, 

2012). 

Much like adoption procedures, the development process of the International Energy Conservation 

Code (IECC) in addition to all other I-Codes also allows for public discussion and input critical to the 

encouragement of widespread regulation acceptance, trust and compliance. All I -Codes are 

developed and written into law in a manner comparable to societal bylaws. This governmental 

consensus process includes open public forum, decision transparency, representation of interests, 

due process, appeals and majority consensus are all fundamental means with which the 

International Code Council (ICC) code development process is directed (International Code Council, 

n.d.). 

  

 

 

 

 

 

 

The cyclical eight-step development process accommodates early public input; any individual may 
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any are free to attend, debate and testify. Following floor discussion of proposals, committee action 

provide the code development committee opportunity to make recommendations on code change 

proposal settlements. The hearing then concludes with assembly action, where committee actions 

may be challenged by present ICC members (International Code Council, n.d.).  

Results of the public hearing are posted and circulated; the code development committee then 

seeks public comment or challenge of the dispositions given by committee or assembly action. Any 

code modifications that received comments are included in the public comment agenda in addition 

to any code modifications with successful assembly action. Any code changes that without public 

comment or assembly action are subjected to simple majority block votes; all remaining f inal 

decisions on code change proposals are also subjected to votes cast by those whom the ICC refers 

to as “eligible voters consisting of designated Governmental Member Voting Representatives and 

Honorary Members”. Proposed code changes are included in the following edition of the respective 

I-Code, where each edition is revised on a three-year rotation with specific code groups due for 

revision each year (International Code Council, n.d.).  

The IECC and all other I-Codes are recognized as “the first and only set of coordinated, consistent, 

and comprehensive construction, fire and energy codes” (International Code Council, n.d.), 

indicative of the development cycle’s effectiveness. 

ASHRAE standards utilize a similar development process, following measures set by the American 

National Standards Institute (ANSI) for both standards development and due process.  ANSI 

provides the ASHRAE standards development process with the same neutrality, open involvement 

and information sharing as the governmental consensus process utilized by the ICC for I -Code 

development. The institute does not create standards, but accredits compliant standard developing 

organizations. Once accredited, the organization is given “formal recognition that a body or person 

is competent to carry out specific tasks”, as defined by the ISO / IEC Guide 2: 2004. 



6 

 

IECC 2012 & ASHRAE 90.1-2010: A COMPARISON 

The 2012 IECC and ASHRAE Standard 90.1 both provide minimum performance standards and 

principles of construction practice, though they are not necessarily adopted at the same frequency. 

Construction Technology Laboratories, Inc. reports that ASHRAE Standard 90.1 is more frequently 

adopted for commercial building code than IECC (VanGeem, 2010). 

The International Building Code (IBC) energy conservation requirements depend on the technical 

provisions of the IECC as these provisions apply to all buildings, whereas the Standard specifically 

addresses high-rise residential, new commercial construction, additions and renovations to existing 

buildings, equipment and systems alone; where the energy code exempts new work with historic 

buildings, the Standard does not. The IECC also addresses low-rise residential construction, where 

Standard 90.1 does not.  

The IECC and Standard 90.1 separate standards for each respective building system type. Specific 

to the thermal performance of wall assemblies within building envelope, the following are significant 

variances between the IECC and Standard 90.1 (Makela, E., Makela, E., & Williamson, 2011): 

 HEATED / SEMIHEATED SPACES. The IECC sets no delineation between the two 

spaces. Standard 90.1 sets separate standards for heated and semiheated with less 

rigorous assembly requirements for the latter. As the IECC considers all spaces to be 

heated, the building envelope standards are considerably more stringent than those set 

by Standard 90.1. 

 GENERAL and MANDATORY PROVISIONS. The technical requirements or general / 

mandatory provisions of Standard 90.1 are organized into six sections; for components 

to be inspected, these provisions are more detailed than what is required in the IECC. 
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 THERMAL REQUIREMENTS for OPAQUE ASSEMBLIES. Though designated climate 

zones are the same, U- and R-values are not always the same between Standard 90.1 

and the IECC. Within these requirements, one is not typically more stringent than the 

other. Figure 4 indicates variance in all classes of construction with the exception of 

insulation entirely above deck and metal building roofs in climate zones six and seven; 

attic roofs (and other), climate zone six; wood framed (and other) above grade, climate 

zones six and seven; below grade walls, climate zone five. 

 

 ABOVE / BELOW GRADE WALLS. Required values for above- and below-grade walls are 

nearly the same between the IECC and Standard 90.1, but guidelines for determining 

whether a wall is above or below grade are not. The IECC maintains that any wall up to 

OPAQUE THERMAL ENVELOPE REQUIREMENTS 

IECC 2012 / ASHRAE 90.1-2010 

  CLIMATE ZONE 5 CLIMATE ZONE 6 CLIMATE ZONE 7 

INSULATION - INSULATION ENTIRELY ABOVE DECK ( U ) 0.039 0.032 
0.032 0.032 0.028 0.028 

ROOF - METAL BUILDING ( U ) 0.035 0.037 
0.031 0.031 0.029 0.029 

ROOF - ATTIC & OTHER ( U ) 0.027 0.021 
0.021 0.021 0.021 0.017 

MASS WALLS - ABOVE GRADE ( U ) 0.078 0.09 0.078 0.08 0.061 0.071 

MTL BUILDING - ABOVE GRADE ( U ) 0.052 0.05 0.052 0.05 0.052 0.044 

MTL FRAMED WALLS - ABOVE GRADE ( U ) 0.064 0.055 
0.064 0.049 0.064 0.049 

WD FRAMED & OTHER - ABOVE GRADE ( U ) 0.064 0.051 
0.051 0.051 0.051 0.051 

BELOW GRADE WALL ( C ) 0.119 0.119 
0.119 0.092 0.092 0.063 

MASS FLOORS ( U ) 0.074 0.057 0.064 0.051 0.055 0.042 

MTL JOIST FRAMED FLOORS ( U ) - 0.038 - 0.032 - 0.032 

JOIST/FRAMING - FLOORS ( U ) 0.033 - 
0.033 

- 
0.033 

- 

WD FRAMED & OTHER - FLOORS ( U ) - 0.033 - 
0.027 

- 
0.027 

UNHEATED SLAB ON GRADE FLOOR ( F ) 0.54 0.52 
0.54 0.51 0.400 0.510 

HEATED SLAB ON GRADE FLOOR ( F ) 0.58 0.688 0.58 0.688 0.550 0.671 

SWINGING OPAQUE DOOR  ( U ) 0.37 0.5 0.37 0.5 0.37 0.5 

ROLL-UP or SLIDING  ( U ) 0.21 - 0.21 - 0.21 - 

NONSWINGING OPAQUE DOOR  ( U ) - 0.5 - 0.5 - 0.5 

Fig. 4 – OPAQUE THERMAL REQUIREMENTS, COMPARE IECC TO ASHRAE. SHADED CELLS INDICATE COMMON VALUES; 

WHITE INDICATES VARIANCE BETWEEN THE IECC AND STANDARD 90.1 
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15% above grade and 85% or more below grade is considered a below-grade wall. 

Standard 90.1 allows any portion of a wall above- or below-grade to be treated as such, 

regardless of the wall’s above- to below-grade area ratio. Where the wall is above-grade, 

the assembly is to meet above grade wall requirements, as with below-grade. 

 THERMAL REQUIREMENTS for RESIDENTIAL BUILDINGS. While both documents make 

a differentiation between residential and nonresidential values, both define residential 

construction differently. In general, Standard 90.1 is more likely that buildings may be 

determined residential; the IECC, commercial. 

COMPARING the NEAR FUTURE & RECENT PAST of IECC & ASHRAE 

2013                          2014                    2015                               2016 
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 Zone six received more stringent thermal performance values for all opaque assembly 

requirements but mass walls above grade and nonswinging opaque doors. 

 Zone seven received more stringent values for all except mass walls above grade, 

swinging and nonswinging opaque doors. 

UPCOMING: ASHRAE 90.1-2013  

The recently published form of Standard 90.1-2013 includes revisions 40 to 50% more stringent 

than 90.1-2004, including over 100 modifications to 90.1-2010 (Pearson, 2013). Specifically, 

Regulated Loads only include the 50% target with “only regulated energy end-use loads as 

included in the 90.1-2004 baseline” (Liu, 2012), whereas the whole building approach includes 

a 40% reduction target including all energy end uses. 

IECC BUILDING ENVELOPE REQUIREMENTS: 2009 TO 2012 

From 2009 to 2012, the IECC underwent substantial changes to restructure the provisions for 

both residential and commercial buildings. The two types were divided, resulting in entirely 

separate administrative provisions, general provisions, definitions, climate zones and reference 

standards (Mapes & Conover, 2012). The “distinction(s) between framing materials, thermal 

breaks, and curtain walls/storefronts with respect to thermal requirements” (Mapes & Conover, 

2012) were removed from the code entirely. Though not thoroughly examined in this report, 

tables with required values for fenestration components in commercial construction were 

replaced by a simplified table which categorizes all fenestrations as either fixed, operable or 

entrance doors (Mapes & Conover, 2012). 

Opaque thermal envelope assembly components, defined by ASHRAE as “all areas in the 

building envelope except fenestration and building service openings such as vents and grilles”, 
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were examined. These values for climate zones of the Upper Midwest were modified in the 

following manner: 

 Zone five requirements received increased performance requirements for insulation 

above deck, metal building roofs, mass walls above grade, metal buildings above-grade, 

unheated and heated slabs-on-grade, and swinging and nonswinging opaque doors; all 

others remained at 2009 values. 

 Zone six requirements received increased performance requirements for insulation above 

deck, metal building roofs, attics, mass walls above-grade, metal buildings above-grade, 

wood framed / other walls above-grade, mass floors, heated slabs-on-grade, and both 

swinging and nonswinging opaque doors; all others remained at 2009 values. 

 Zone seven requirements received increased performance requirements for insulation 

above deck, metal building roofs, attics, mass walls above grade, below-grade walls, 

mass floors, unheated slabs-on-grade; all others remained at 2009 values. 

UPCOMING: IECC 2015 

Proposals for the IECC are divided into three categories; CA, proposals that increase energy 

efficiency; CB, proposals that extend flexibility and usability of the code; and E, proposals 

applicable to the IEBC. As of 18 October 2013, the Summary of Final Action Group B Changes 

was published; the approved proposals will then move on to face authoritative approval.  

Proposals that increase energy efficiency include the simplification of opaque envelope tables to 

include only one requirement for each assembly type, replacement of all IECC Commercial 

provisions, instead citing and requiring compliance with ASHRAE/IES Standard 90.1. In addition, 

the modification of the continuous air barrier requirements was proposed in order to compare all 

three compliance options (U.S. Department of Energy, 2013).  
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There are a significant number of proposals intended to aid in the facilitation of compliance. A 

compliance checklist with ample forms and documentation are included; in addition, details 

which govern the construction inspection are to be improved. Specific building project types are 

excluded from commercial compliance and may receive criteria specific to an exempt buildings 

category. 

PROMOTING ENERGY CODE COMPLIANCE 

Certain utility companies offer extra services in which businesses may take advantage of 

renewable energy, energy conservation, energy management and billing studies for new 

construction. Following the completion of simulated energy audit predictions, design 

recommendations are offered order to reduce energy consumption and increase project 

energy-cost savings.  

Autodesk Simulation CFD was utilized as a potential means of performing these same 

simulations in completed research. Designed to determine computational fluid dynamics for 

both thermal and fluid flow simulation, CFD performs several analyses: steady-state heat 

transfer, transient heat transfer, steady fluid flow, unsteady fluid flow, flow through porous 

media, open channel flow, and mass transfer analysis. 

RESEARCH METHODOLOGY 

Fourteen typical wall assemblies were presented and analyzed with the substitution of 

varying rigid insulation types at 2- and 3-inch thicknesses. Wall assembly types include: 

 CMU with face brick (CB-1) 

 CMU with EIFS (CE-1) 

 CMU with stone veneer (CST-1) 
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 CMU with precast concrete panels (CP) 

 CMU with precast concrete panel and furring (CP-1) 

 CMU and CMU (CC-2) 

 CMU with metal panel (CM-1) 

 Precast concrete panel (PCS) 

 Metal stud with EIFS (SE-1) 

 Metal Stud with metal panel (SM-1) 

 Metal stud with face brick (SB-1) 

 Metal stud with precast panel (SP-1) 

 Wood stud with face brick (WB-1) 

 Wood stud with wood siding (WS-1) 

and examined insulation types include expanded polystyrene (EPS), extruded polystyrene 

(XPS), polyisocyanurate, spray-applied polyurethane, and mineral wool. Further 

investigation was completed for EPS, XPS and polyisocyanurate rigid insulation board; 

each selected type of EPS, XPS and polyisocyanurate at 2- and 3-inch thicknesses was 

substituted into the assembly U-value of each wall type. This allowed for the clear 

determination of the best and worst thermal performance among all of the provided wall 

assemblies. 

It appeared that Polyisocyanurate Type I, Class 1 and Expanded Polystyrene Type XI were 

consistently the best and worst performing insulation, respectively. Though a discrepancy 

later arose regarding the correct determination of metal stud, wood stud and metal furring 

R-values, this method of determining high and low performing insulation still remains 

valuable. 

DEVELOPING A SIMULATION TESTING MATRIX 

Testing methods for the thermal performance of building materials are set forth by ASTM 

Standard C1363-11; it is used for “large homogenous or non-homogenous specimens… 
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[and] applies to building structures or composite assemblies of building materials for 

which it is possible to build a representative specimen that fits the testing apparatus”.  

Note that this method replaces Testing Methods C236 and C976. 

In order to tailor thermal performance results to the environments in which a hypothetical 

project would be built, one centrally-located city was selected from within each climate zone 

in the defined Upper Midwest states. The average high and low temperatures in the warmest 

and coldest months of the year at each climate zone were consolidated; an overall average 

high temperature and overall average low temperature are set as exterior temperatures. 

Interior temperatures remain at 67 degrees Fahrenheit (19 deg C). 

DIGITAL SIMULATION & TESTING 

Each of the 14 wall assemblies were modeled as two-foot square components in Revit 

Architecture 2014. At this step, materials were not yet applied as only generic geometries 

were necessary.  

Fig. 4 – Example Clip of Modified Testing Matrix for Upper Midwest Climate zones 
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Typically, materials such as face brick masonry or concrete masonry unit (CMU) structural 

walls were modeled without mortar joints, simply as a solid extruded box at the proper 

nominal thickness, whereas steel studs and metal furring were modeled true to their form, 

spaced at 24 inches and 16 inches respectively.  Each wall assembly was modeled twice; 

separate geometries were required for each assembly with the original 2-inch rigid insulation 

in place, and a substitution 3-inch of the same insulation type. 

The digital models were then exported as Spatial ACIS files (.SAT), a solid modeling format 

in which a text file stores three-dimensional geometric information in order to exchange data 

between multiple software programs. Once the .SAT model has been imported into the 

design study, materials may be applied; this occurs during the Setup phase. In this case, 

new "Solid Materials" were added to the library for each type of rigid insulation examined. 

Values and characteristics required for these newly created materials are specific heat, 

thermal resistivity, and density. Initial conditions are applied to the face of the air volume in 

contact with the exterior finish face of the assembly; here the specific temperature may be 

set. The process is repeated to set initial conditions for the interior air volume. 

A digital Hot Box apparatus, the manner in which Simulation CFD may apply varied 

boundary and initial conditions renders it comparable to that of a dual-chamber Hot Box 

apparatus described in ASTM C1363. 

Though Simulation CFD is a highly powerful program and bears the well-known interface 

typical to other Autodesk software, other alternative software may likely produce more easily 

obtainable data for thermal heat transfer. The software is entirely capable of producing the 
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needed output values, but simple and timely simulations are better suited for Revit 

Architecture’s thermal analysis tools. 

CONCLUSION  

PROJECTION OF RESEARCH FINDINGS, POTENTIAL IMPACTS 

Though the intent of the conducted research was to ultimately apply the requirements set 

by the IECC and Standard 90.1 to assemblies used in practice,  

the cyclical nature of energy code and standard development, while intentionally set in 

sequence to allow manufacturers and related professionals to adapt to developments, 

demands the attention and understanding of all involved industry parties. 

The performance curve set in place within the past decade are becoming exponentially more 

rigid, lean and stringent. Clear explanation and accessibility of applicable energy standards 

are absolutely necessary. The greatest downside to the conducted and compiled research 

was the time investment required to become adequately familiarized with the building 

envelope requirements in order to begin exploring insulation specifications, preparing and 

dissecting simulations. 
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