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ABSTRACT 

The Ellergt] Policy Act of 1992 established fire 1992 Model 
Ellergt] Code (MEC) as the target of several energtj-related 
requirements. The U.S. Department of Ho//Sing and Urban 
Development (HUD) loall guaralltee program requires compli
ance with the MEC. The Ruml Ecollomic and Commullity 
Developmellt (RECD, formerly the Fanller's Home Admillistra
tiOIl) loall gtlnralltee program requires that sillglejamily /lOmes 
comply with the MEC. Several states alld local jurisdictiolls have 
also adopted the MEC as tlreir /~sidelltial ellergt] code. 

III lespollse to complaillts that the MEC is difficult to use, 
a U.S. laboratory developed MEC compliallce materials at the 
request of the U.S. Departmellt of Ellergt]. These materials 

INTRODUCTION 

The 1992 Model Energy Code (MEC)! contains 
energy-related building requirements that apply to 
many new u.s. residences. A major focus of ti,e MEC 
provisions is on building envelope insulation and win
dow requirements, which are more stringent in colder 
climates. Other requirements focus on the heating and 
cooling system (including ducts), ti,e water-heating sys
tem, and air leakage. 

In an effort to simplify its use, a U.s. laboratory, 
under U.s. Department of Energy guidance, developed 
compliance and training materials for the MEC. These 
materials include a compliance and enforcement man
ual for all the MEC requirements, as well as prescriptive 
packages, a trade-off worksheet, and software to help 
comply with the thermal envelope requirements. The 
materials are currently available to interested parties 
free of charge. 

Stalus of States 

The Energy Policy Act of 1992 (EPAct) required 
states to review their residential building code to deter-

IThe MEC is a building energy code maintained by the Council of 
American Building Officials (CABO). CABO is made up of the Build· 
ing Officials and Code Administrators International, Inc. (BOCA), the 
International Conference of Building Officials (ICBO), and the South
ern Building Code Congress International, Inc. (SBCCl). 

were developed to simplify the builder's or designer's task in 
demonstrating compliallce and to assist HUD, RECD, states, 
and local jurisdictions with .ellforcemellt of MEC require
mellts. The materials illclude a compliance alld enforcement 
mallual for dl the MEC requiremellts, as well as three themlal 
shell compliance OptiOIlS: prescriptive packages, trade-off 
worksheet, alld software. 

This paper discusses how the MEC requiremellts were 
revamped illto all easy-to-use alld ellforceable format more 
appropriate for tlse by builders, desigtlers, and code officials. 
Also discussed are the objectives alld methodology applied ill 
developillg the materials. 

mine if it was appropriate to update the code to meet or 
exceed the 1992 MEC. In response to EPAct, several state 
and local governments adopted the MEC or are moving 
to do so in the near future. Thus, compliance with the 
MEC is a matter of increasing interest to the federal, 
state, and local governmental agencies responsible for 
oversight of residential construction and to designers 
and builders who must meet its requirements. 

There are differences in how states adopt the MEC. 
Tennessee, Utah, and Virginia adopted it by direct refer
ence for the entire state. Arkansas, Georgia, and Mon
tana adopted it with amendments. In some cases, these 
amendments loosen ti,e requirements, resulting in an 
energy code that is less stringent. For example, Arkansas 
adopted ti,e MEC but modified the wall requirements, 
resulting in a less stringent code. Texas, Illinois, Nevada, 
and many other states have local jurisdictions that 
adopted the MEC, though it is not mandatory statewide. 
In addition, some states and utilities plan to use it as a 
baseline for home energy rating systems (HERS), incen
tive or rebate programs, or for qualifying energy-effi
cient mortgages. 

MEC Editions 

Although the materials initially focused on the 1992 
MEC, there are two subsequent editions available for 
adoption by states: the 1993 and 1995 editions. The MEC 
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follows a three-year code-adoption cycle, but was pub
lished in 1993 because of the large number of changes 
introduced in 1992. The 1993 edition introduced more 
stringent multifamily wall Uo-value requirements, has 
new requirements for duct insulation, and adopts by 
reference the American Society of Heating, Refrigerating 
and Air-Conditioning Engineers/Illuminating Engineer
ing Society of North America (ASHRAE/IES) Standard 
90.1-1989 for commercial buildings (ASHRAE/JES 1989). 
The 1995 edition added a reference to the National Fenes
tration Rating COlUlcil procedure (NFRC 1991) for ther
mal properties of glazing assemblies, eliminated the 
potential for insulating the walls of a ventilated crawl
space, and adopted by reference the codified version of 
the ASHRAE/IES Standard 90.1-1989. 

Within one year of the release of a new MEC edition, 
EPAct requires the Secretary of Energy to determine 
whether the new edition" ... would improve energy effi
ciency in residential buildings." The states have two 
years after this determination to certify that they have 
reviewed their energy codes to determine whether it is 
appropriate to revise their codes to meet or exceed the 
new edition. On July 15, 1994, a Federal Register notice 
declared that the 1993 MEC was more energy efficient 
than the 1992 MEC. This determination implies that the 
states must make this certification by July 1996. 

Additionally, within one year of the release of a new 
edition, EPAct requires the Secretary of Housing and 
Urban Development and the Secretary of Agriculture to 
amend their standards to meet or exceed the require
ments of tile new edition if they determine that the 
requirements of the new edition would increase energy 
efficiency. 

DESIGN OBJECTIVES 

AltilOugh tile MEC allows a great deal of flexibility, 
this flexibility is offered at the expense of simplicity and 
enforceability. The compliance materials were devel
oped under the premise tllat tile most accurate and flexi
ble codes will fail if they are not easily used and 
understood by builders and enforcement personnel. The 
following objectives were applied to the development of 
the materials. 

• Simplicity-The materials must be easy to use, with 
mininlal calculations and a short learning curve. 

• Understandable--The materials must be written in 
the language of builders and code officials, not the 
language of engineers and researchers. 

• Enforceable--The materials must be enforceable. 
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Requirements that cannot be verified in the field 
Calmot be enforced. Such requirements must be 
identified and recast into a format that is unambigu
ous and that can be validated by enforcement 
persOlulcl. 

• Documentable--The materials must include forms 
and reports that can be used to verify compliance 
with the MEC. 

• SeJf-Contained-The materials must be self-con
tained, not referencing other documents. The 
MEC lists more than 24 references, some of which 
are extremely technical. Some references contain 
few (if any) actual code requirements and others are 
optional. Additionally, some of the documents ref
erenced in the 1992 MEC are now outdated and dif
ficult to obtain. 

USER OBJECTIVES 
The primary users of the compliance materials were 

determined to be builders and code officials. Other 
intended users include utilities, designers (architects 
and energy consultants), subcontractors and suppliers 
(insulation, window, and mechanical), and federal and 
state agencies. Some of our perceptions about these 
users have greatly influenced the resulting materials 
and the development objectives. 

Speaking the Builder's Language 
The MEC specifies thermal envelope requirements in 

U-factors, locations exempt from the vapor retarder 
requirement in terms of wet-bulb temperatures, and 
duct insulation requirements based on duct air and 
design temperatures. These terms are not commonly 
known by builders. Builders understand R-values. 
Many do not understand the thermal transmission or 
weather data terms used by engineers. One of the most 
challenging aspects in developing the materials was to 
convert the MEC requirements into terms readily under
stood by builders and code officials. 

Level of Interest 
Builders typically do not have the background or 

level of interest in energy-efficient buildings that energy 
code developers do. Builders are motivated primarily by 
homebuyers and code officials to provide energy-effi
cient features. In attempting to implement and enforce 
an energy code, it is a mistake to try to force the builder 
to become an expert on energy efficiency. For example, 
builders may not have an interest in understanding the 
distinction betw'een convective, radiant, and conductive 
heat transfer. Inlplementation materials should be 
developed and training should be conducted from their 
perspective, not ours. 

Time to Devote to Energy-Efficiency Features 

When inspecting for the standard phunbing, 
mechanical, and structural requirements applicable in 
his or her jurisdiction, the code official is first and fore
most considering fire, health, and safety requirements. 
The amount of time available to inspect energy features 
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will vary by location but is small. Therefore, compliance 
requirements should be easy to enforce within this time 
frame. It is not appropriate to argue the technical merit 
of features that require a substantial amount of time and 
effort to verify. For example, there are several energy
saving features of windows that are difficult to verify in 
the field, such as argon gas fill and shading coefficient. If 
extra credit is to be given for such features, a simple 
method for verifying their installation must be pro
vided. 

COMPLIANCE MATERIALS 
Building shell requirements can be determined using 

any of three compliance approaches: the prescriptive 
packages, the trade-off worksheet, or the software. In 
addition to the three compliance approaches, the man
ual discusses the basic requirements that all buildings 
must meet. The basic requirements include provisions 
that lin1it air leakage through the building envelope and 
regulate heating and cooling systems and duct insula
tion levels. 

The materials are based on a whole-house V-factor X 

area (VA) calculation that allows building components 
to be traded off against each other, thus allowing a wide 
variety of home designs to comply. Requirements, how
evel~ are given fl'OIll the user's perspective. For example, 
building shell requirements are given in terms of the 
insulation R-value, not the component V-factor. 

The VA approach compares a proposed building VA 
to a code building VA (the code building has the same 
din1ensions and features as the proposed building but is 
built to the V-factor requirements specified in the MEC). 
Although the MEC specifies V-factor requirements for 
individual building components, a whole-house VA 
tradeoff is widely used and accepted, and is justified by 
the inclusion of the following text in the MEC (section 
502.1.1): 

The stated Va' V, or R value of an assembly may 
be increased or the stated Va' V, or R value of an 
assembly may be decreased, provided the total 
heat gain or loss for the entire building does not 
exceed the total resulting from conformance to 
the values specified in Table Nos. 502.2.1 and 
502.3.1. 

The materials allow tradeoffs between ceiling, wall, 
floO!; basement wall, slab-edge, and crawlspace wall in
sulation as well as window V-factor and area. The soft
ware and prescriptive packages approaches also allow a 
tradeoff between the building envelope and heating 
and/or cooling equipment. The software approach also 
allows the user to trade off the depU1 of the foundation 
insulation. 

All three of the thermal shell compliance approaches 
ask the user to specify insulation R-values and window 
and door V-factors. The compliance approaches provide 
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• 
Construction Buikling 

According 
to Plans 

Figura' Compllonce path. 

a V-factor or F-value2 that corresponds to the insulation 
R-value entered. For the prescriptive packages and soft
ware approaches, this is invisible to the user. For the 
trade-off worksheet approach, the user looks up the 
V-factors in tables that provide R-value to V-factor con
versions. In all three cases, some basic construction 
assumptions were necessary to make these conversions. 
For example, to derive a 2 x 6 wood-framed wall 
V-factor from an insulation R-value, one has to assume a 
framing factor and provide default values for the resis
tance of siding, drywall, air spaces, and other construc
tion materials. 

Figure 1 illustrates the process presented by the mate
rials for determining and documenting compliance. 

Compliance Materials Manual 

The compliance materials manual provides guidance 
on how to meet the 1992 MEC requirements using all of 
the materials. It is not necessary to have a copy of the 
MEC or any other references to use it. The manual 

• describes which buildings must comply and pro
vides a summary of how the materials are used to 
demonstrate this compliance; 

• includes a description of the checklists and forms 
that accompany the manual and can be used to 
determine and document compliance; 

• discusses all of the basic requirements, including 
provisions that limit air leakage through the build-

2The slab-edge UA is determined by multiplying an F~value (Btu/ 
h·ft·°F) by the perimeter (ft). 
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I. Find your 
climate zone. 

Prescriptive Packages - Zone 8 2. Select a 
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3. Complete the 
Prescriptive 
Package 
Worksheet. 

Figure 2 Prescriptive packages approach. 

ing envelope and regulate heating and cooling sys
tems and duct insulation levels; 

• offers three alternative thermal shell compliance 
approaches: prescriptive packages, the trade-off 
worksheet, and the software; and 

• provides plan check and field inspection guidelines. 

Prescriptive Packages 
Existing state codes were reviewed to determine pre

felTed code formats. The results of this review supported 
the use of prescriptive packages based on climate zones. 
The prescriptive packages in the materials were devel
oped using this same formal. They are the simplest of the 
three thermal shell compliance approaches. With this 
approach, a package of insulation and window require
ments is selected from a list of packages developed for a 
specific climate zone. Each package specifies insulation 
levels, window areas, window U-factors, and sometimes 
heating and cooling equipment efficiency. Figure 2 illus
trates this process. 

Each state was divided into climate zones drawn 
along county boundaries to coincide with jurisdictional 
bOtmdaries. These divisions were considered more 
enforceable Ulan the MEC's heating degree-day (HDD)
based requirements. For each zone, a variety of pre
scriptive insulation packages meeting the MEC were 
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developed. The packages were presented as combina
tions of insulation R-values and window U-factors. 
Builders may choose any prescriptive package in their 
zone. In meeting the prescriptive requirements of the 
chosen package, they will be determined to comply with 
the thermal envelope requirements. 

The state climate zones were established based on 
HDD boundaries in the MEC requirements. The most 
important of these HDD boundaries in the MEC require
ments were determined to fall at HDD = 500, 1000, 1500, 
2500,6000,7000,8500,9000, 11500, and 13000. For exam
pie, the unheated slab insulation requirements begin at 
HDD = 2500, and change from a required depth of 24 to 
48 in. at HDD = 6000. 

An HDD average was assigned to each county based 
on climate and location data obtained from the National 
Oceanic and Atmospheric Administration (NCDC 1992) 
and weighted by population data obtained from the U.S. 
Bureau of the Census (1988). The state maps show the 
zone to which each county is assigned. 

The prescriptive packages were generated based on 
commercially available insulation levels. Existing state 
codes were examined to provide information on the 
most commonly used insulation levels and component 
combinations. The packages were selected based on 

Thermal Envelopes VI/Design Tools and Software-Practices 



Trade-Off Worksheet 
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The trade-off worksheet allows the direct 
entry of U-factors for all components, while 
the software approach only allows the entry 
of U-factors for windows and doors. The 
worksheet is therefore more amenable to less 
conunon constructions that require custom 
U-factors to be computed. For this same rea
son, the trade-off worksheet is more difficult 
to use because it requires the entry of 
U-factors and the calculation of a UA for each 
building component. The worksheet also 
does not provide for additional tradeoffs, 
such as for high-efficiency heating and cool
ing equipment. 
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Figure 3 Example Trade-Off Worksheet 

several criteria, including common practice, reviewers' 
input,3 and cost effectiveness. 

Trade-Off Worksheet 

The trade-off worksheet is a "pencil-and-paper" 
approach that allows insulation- and window-efficiency 
levels to be traded off in different parts of the building. 
The worksheet guides the user through a UA computa
tion for the user's proposed building and for the code 
(required) building. If the proposed building UA is less 
than or equal to the required building UA, the proposed 
building meets the insulation and window require
ments. Figure 3 illustrates a completed trade-off work
sheet. 

3Review conunenls on all of the materials were solicited from key stake
holders, induding representatives from the U.S. Department of Energy, 
Ole U.S. Department of Housing and Urban Development, the Rural 
Economic and Community Development, the National Association of 
Home Builders, the National Multi Housing Council, the North Ameri
can Insulation Manufacturers Association, state energy offices, and the 
building industry (builders, consultants, and enforcement personnel), 

Thefmal Envelopes VI/Design Tools and Software-Proctlces 

The MEC-required Uo-values for building 
envelope components are based solely on the 
HDD of the proposed building location. The 
required Uo-values used in the trade-off 
worksheet are obtained from a table that lists 
Uo-value requirements for each climate zone 
(corresponding to the zones described for the 
prescriptive packages approach). 

Software 

The software approach is the most flexible 
of the three compliance approaches. The soft
ware allows tradeoffs between all building 
envelope components and heating and cool
ing equipment efficiencies. Unlike the pre
scriptive packages and trade-off approaches, 
the software approach enables basement wall, 
slab-edge, and crawlspace wall insulation 
depths to be traded off as well as insulation 
R-values. 

As with the other approaches, the software approach 
compares a proposed building UA against a code build
ing UA to determine compliance. Figure 4 shows the 
software's main screen. The building components that 
comprise the building envelope are selected by the user 
and displayed on this screen. The user supplies the areas 
and insulation R-values to be installed in these compo
nents, and the software does the UA calculations based 
on common construction asswnptions. 

The software contains a list of more than 3,000 cities. 
Each city is associated with an HDD and cooling degree
hour (CDH) value. The HDD value is used to determine 
the requirements for that city; the CDH value is used in 
the implementation of the high-efficiency cooling equip
ment tradeoff. 

A tradeoff for high-efficiency heating and! or cooling 
equipment is also offered. This credit is applied as a per
centage increase in the code building UA. Figure 5 
shows the heating and cooling efficiency screen, where 
the user enters equipment efficiencies. The methodology 
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Some of the mandatory require
ments were considered too complex to 
be practical and/or enforceable. To 
make them usable, they were restruc
tured to reduce ambiguity. The presen
tation of some of these requirements no 
longer resembles that given in the MEC. 
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Insulation R-Value 

where 

!J.t 
= 15 

fl.t = design temperature differen
tial between the air in the duct 
and the duct surface (OF). 

This calculation is not intuitive, does 
not usually result in commercially 
available ,duct R-values, and can also 
vary within a home. Additionally, it is 
not clear what is meant by the duct 
surface temperature, which for uninsu
lated ducts is close to the ambient tem
perature when the system is off and is 
close to the temperature of the air 
inside the ducts when the system is on. 

Because of the complexity of deter
mining the duct insulation require
ments, a simple table of minimum 
R-values was established. The duct 
surface temperature was assumed to 
be equal to the temperature of the air 
outside the ducts, and seasonal outside 

Figure 5 Heating and Cooling Efficiency Screen 
design temperatures for approximately 
700 cities were used to estimate this 
temperature. Temperatures of 55°F and 

used to implement the equipment 
described later in this paper. 

METHODOLOGY 

tradeoff is briefly 

Basic Requirements Methodology 

The MEC specifies basic requirements that are man
datory for all buildings. Some of these requirements 
apply to a building's heating and cooling system (in
cluding ducts) and hot water system. Other require
ments apply to material and equipment identification 
and to sealing the building envelope. 
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130°F were assumed for supply ducts 
in the cooling and heating seasons, respectively. Return 
duct R-value requirements were set equal to supply duct 
requirements for simplicity and to reduce confusion at 
the job site. Duct insulation R-value requirements were 
then established for each of the cities based on these tem
peratures and the duct location (different assumptions 
were made for the ambient air temperature in uncondi
tioned basements than for that in the other uncondi
tioned spaces). The resulting R-values were weighted by 
new housing starts and averaged for each of the 17 cli
mate zones. Table 1 shows the resulting duct insulation 
requirements as they appear in the manual. 
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TABLE 1 Duct tnsulation R-Value Requirements 

Ducts Located In Attics, 
Zone Crawlspaces, Exterior 

Number Cavilles, Outside 

Zones 1-8 R-6 
Zones 9-16 R-8 
Zone 17 R-9 

Basement and Crawlspace 
Wall UA Methodology 

Ducts Located 
In Unheated 
Basements 

R-6 
R-6 
R-6 

The UA calculation for below-grade basement and 
crawlspace walls considers the effect of the soil in deter
mining the heat loss through the walls, even though the 
MEC Uo-value requirements are specified in terms of the 
wall and air films only. To consider the impact of the sur
rounding soil in the tradeoff, the insulation R-value 
requirement for the code building based on the MEC
specified Uo is first determined without considering the 
soil. Then, the heat loss is computed for both the code 
building (insulated to the required level) and the pro
posed building. Both computations consider the sur
rolmding soil and are based on walls the same depth 
below grade. 

The soil was included in the UA calculation for 
below-grade walls because it provides more accuracy in 
estimating the impact of increasing or decreasing insula
tion levels above or below the MEC-required level. The 
inclusion of soil in U,e software UA calculation allows 
the user to trade off insulation depUl by more accurately 
accessing the impact of partially insulating a below
grade wall. The heat loss through the lower uninsulated 
portion of a partially insulated wall has much less 
impact if that portion of the wall is below grade. 

Addition of Cavity Insulation 
and Insulating Sheathing 

A problem with the wall presentation in the pre
scriptive packages and trade-off worksheet was U,e 
question of how to present the many possible combina
tions of wall cavity insulation and insulating sheathing. 
This problem was solved by allowing the builder to add 
U,e two together to arrive at a total wall R-value. The 

TABLE 2 Combinations of Wall Cavity Insula lion Plus 
Insulating Shealhlng 

Wall R-Value + Shealhlng R-Value U-Value 

R-II +R-2 0.076 
R-13 0.075 

R-ll + R-4 0.068 
R-13+R-2 0.069 
R-15 0.069 

R-13+R-6 0.057 
R-15+ R·4 0.058 
R-19 0.054 
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sheathing was assumed to cover 80% of the building, 
with the remaining 20% covered by structural sheathing 
with an R-value of 0.83. Table 2 indicates that the error 
introduced by this method is marginal for reasonable 
combinations. For example, an R-19 requirement can be 
met with any of the last three combinations listed in 
Table 2 with an error of at most 7%. 

Healing and Cooling Equipment 
Trade-Off Methodology 

The National Appliance Energy Conservation Act of 
1987 (NAECA 1987) establishes minimum allowable 
efficiencies for residential-style heating and cooling 
equipment. The materials include an option for trading 
heating or cooling efficiency above these NAECA mini
mums for lowered envelope efficiency. The software 
gives proportional credit to any heating or cooling 
equipment above the NAECA minimums. The prescrip
tive packages include high-efficiency heating packages 
developed under the assumption of a furnace armual 
fuel utilization efficiency (AFUE) of 90% or more or a 
heat pump heating seasonal performance factor (HSPF) 
or 7.8 or more. They also include high-efficiency cooling 
packages developed under the assumption of a seasonal 
energy efficiency ratio (SEER) of 12 or more. 

The high-efficiency equipment tradeoff was devel
oped as follows: 

1. For each climate zone, a baseline house configuration 
that just meets the MEC was identified and its overall 
coefficient of conductive heat transfer (Uo) was calcu
lated. 

2. Software developed by Lortz and Taylor (1989) was 
used to calculate the total armual energy consump
tion of the baseline prototype in each of 881 cities, 
assuming NAECA minimum heating and cooling 
efficiencies. 

3. For each location and each of several possible 
increased efficiencies, the amount that the prototype 
Uo could be relaxed (increased) while keeping total 
armual energy consumption at or below that of the 
baseline prototype was determined. 

4. For each efficiency level, the ratio of the fractional Uo 
change to the fractional efficiency change was calcu
lated. This is the trade-off ratio that is applied as a 
percent increase to the code UA or a decrease to the 
proposed UA. 

CONCLUSIONS 

The U.S. Department of Housing and Urban Devel
opment, U,e Rural Economic and Community Develop
ment program, and many states have recently adopted 
the MEC, and several other states are actively working 
to do so. The successful implementation of the MEC 
depends on the builders' and code officials' understand
ing of U,e requirements. The compliance materials were 
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developed as an aid to implementing and gaining sup
port for the MEC. In addition to making the MEC easier 
to understand and enforce, the materials alleviate some 
of the resistance to the code by making it comprehensi
ble to users. For example, the prescriptive packages 
allow builders to see at a glance the general impact the 
code will have on their current construction practices, 
which may be minimal. We believe that user-friendly, 
simplified materials will create more universal accep
tance of the code, thereby leading to increased energy 
savings. 
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