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1. Executive Summary
Effective January 1st, 2013 the State of Illinois adopted the 2012 Illinois Energy Conservation
code (IECC 2012) to regulate statewide code requirements for commercial and residential new
construction and renovation projects. The IECC 2012 is an Illinois specific amended version of
the 2012 International Energy Conservation Code. ADM Associates was tasked with conducting
a study to determine the statewide baseline level of code compliance of new construction
projects, as the Illinois Department of Commerce and Economic Opportunity Energy Recycling
Office (DCEO) seeks to achieve energy savings from implementation of the Building Energy
Code Compliance Program (BECP). The BECP provides training and technical assistance to
individuals in the residential and non-residential building industry. The study was designed to
accomplish the following goals:






Determine the baseline statewide compliance for both residential and non-residential new
construction projects;
Determine the baseline energy consumption for new construction projects;
Identifying common areas of non-compliance; and
Provide recommendations to DCEO on future BECP training alterations.

During the effort to determine the baseline level of code compliance, ADM Associates was
assisted by CCJM Engineering in contacting building officials and collecting building
construction information for a statistically relevant sample of new construction projects. A
sample of new construction projects was generated using the Department of Energy State Sample
Generator Tool1. The resulting sample included 44 residential and 42 non-residential sites. The
assessment of code compliance included evaluation of 30 residential and 13 non-residential new
construction sites.
The ADM team initially contacted 96 building jurisdictions across the state through the use of
the ADM and DCEO co-written letter of intent. The letter of intent detailed the scope of the
compliance study and requested the participation of jurisdictions as the study was not mandatory.
After a notification period, follow up calls were to each jurisdiction were made. In the event that
contact was not established, messages were left along with follow up emails. Throughout the
study additional calls were made to the unresponsive jurisdictions. Even with the additional
contact attempts ADM was unable to obtain a full sample. ADM attributes the reduced sample to
the following factors:




Unwillingness of individual jurisdictions to participate;
Jurisdiction failure to enforce an energy code; and
Projects canceled after being sampled.

The recentness of the adoption of IECC 2012 also hindered the number of qualifying new
construction sites, as the study was limited to projects permitted after January 1 st, 2013. Most
construction projects experience a delay in starting as ground is not typically broken as soon as

1

https://energycode.pnl.gov/SampleGen/
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permits are issued. This resulted in a number of sites not being far enough along in the
construction process to allow for an accurate assessment of code compliance.
Individual compliance rates for each new construction project were determined through the use
of the Department of Energy’s Pacific Northwest National Laboratory (PNNL) “Score + Store”
forms. Each site level “Score + Store” form was filled out through documentation review with
building officials as well as site visits to the construction sites.
Residential statewide compliance is based on a straight average of the individual compliance
rates, while statewide non-residential compliance rate is based upon a weighted average of the
three building size stratums. Through the online “Score + Store” tool, it was determined that the
participating residential new construction projects have an overall compliance with IECC 2012
of 81.3%. A compliance rate for non-residential projects was unable to be determined due to the
lack of statewide new construction projects and participation along with the determination of
baseline energy consumption for the initial adoption of IECC 2012.
Reduced residential compliance was most commonly attributed to 1) failure to perform duct
blasting tests when necessary and 2) failure to provide and perform ACCA Manual J and S
HVAC sizing calculation (which also prevented the verification of HVAC sizing and equipment
at location).
The initial baseline energy consumption for residential projects in regards to IECC 2012 was
determined through the use of the BECP residential prototype models developed by The Pacific
Northwest National Laboratory (PNNL). Using information collected during visits to both the
building department and the construction sites, a pair of prototypical models was derived to
represent current construction practices in the two weather zones located in Illinois. From these
models it was determined that an average residential home in Weather Zone 4 consumed 130.92
Million Metric British Thermal units (MMBtu) resulting in 2.87 MMBTU or 2.2% more than a
100% compliant home located in the same weather zone. The typical home in Weather Zone 5
consumed 137.23 MMBtu annually which is 3.08 MMBtu or 2.2% less than a 100% compliant
home located in the same weather zone.
Energy simulations illustrate that a higher level of compliance does not necessarily indicate a
higher level of energy efficiency. There are number of sections within the PNNL checklists that
do not have a direct impact on the energy consumption of projects. This leads to sites that have a
reduced energy code compliance rate but have an annual energy consumption that is less than or
equal to an IECC 2012 compliant site, meaning that the home uses less energy than allowed by
the energy code.
The similar annual energy consumption of the prototypical models as compared to the
compliance models cans be attributed to natural market adoption and social trends. “Energy
Efficiency” and “Green” are prevalent subject manners in today’s society. Home builders are
using this as a selling point for new construction homes which leads to the increase of more
efficient homes in the market place.
Due to the nature of the study, the participating sampled sites cannot be considered strictly
random. In jurisdictions for which energy codes are not enforced, sites were not sampled due to
the lack of project documentation and/or administrative resources to assist in the study. Smaller
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jurisdictions that were unable to enforce building energy codes were also not sampled due to the
lack of compliance documents needed to perform the study. This is also the case for jurisdictions
that refused to cooperate with the study. This leads ADM to believe that the PNNL BECP
methodology for determining statewide compliance will tend to skew the results slightly upward.
That is, the energy code compliance rate for the state is likely lower than 81.3%. In order for this
to be remedied, the participation by all state jurisdictions would need to be mandatory.
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2. Introduction
This purpose of this report is to present the results of the Baseline Compliance Study for the
Building Energy Code Compliance Program that the Illinois Department of Commerce and
Economic Opportunity (DCEO) offer to building professionals. This report estimates baseline
energy consumption of new residential homes and non-residential facilities and compares their
performance to an IECC 20122 minimally compliant building. This comparison is used to review
the current statewide compliance to IECC 2012 and estimate energy use impacts due to noncompliance.
2.1

Program Description

The Building Energy Code Compliance Program offered by DCEO is designed to help buildings
achieve a 90% compliance rate in accordance with the enforced energy code for all new
construction and renovation projects. The explanation of the program and the methodology
utilized to determine the statewide baseline compliance of the IECC 2012 and baseline energy
consumption is as follows. The Building Energy Code Compliance Program (BECP) provides
training to individuals in the residential and non-residential building industry. The objective of
the program is to increase the understanding and compliance with the IECC 2012, effective as of
January 1st 2013, and insure that the state of Illinois achieves a 90% compliance rate. Increased
compliance with the code is intended to produce energy savings through the construction of more
efficient buildings.
The DCEO BECP training currently offers energy compliance training to interested parties. This
training is broken into five separate courses in which the following topics are covered;
Compliance and Documentation of IECC 2012, Using REM/RateTM and REM/DesignTM as
Compliance Tools, Right-Sized HVAC Design for Code Compliance, and two courses on
Commercial Energy Modeling. An up to date list and in-depth explanation of DCEO’s current
training offerings can be found on their website3.
2.2

Baseline Compliance Study

The DCEO seeks to determine the state’s energy compliance rates using a methodology
developed by the Department of Energy’s Pacific Northwest National Laboratory (PNNL). The
PNNL methodology includes a description of how to develop samples for the assessment of code
compliance and a standardized checklist approach for assessing code compliance. The
standardized checklists are referred to as “Score + Store,” forms and are designed to create a
homogenous method for determining code compliance using a three tier points system, which are
awarded on a pass/fail criterion. Upon the evaluation of a full sample, individual compliance
rates are combined using a weighted average method to determine the overall statewide
compliance for residential and non-residential new construction projects. If the statewide
2

The 2012 Illinois Energy Conservation Code (IECC 2012) went into effect on January 1 st, 2013.

3
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compliance rate is above 90%, the state is considered to be compliant to the IECC 2012 energy
code.
The overall objective for the Baseline Compliance Study is to assess the statewide compliance of
the IECC 2012 and the baseline energy consumption of residential and non-residential new
construction projects.
The approach for the Baseline Compliance Study had the following main features.












Utilizes the U.S. Department of Energy’s Building Energy Codes Program’s (BECP)
methodology and tools to assess compliance in new non-residential and residential
buildings with the 2012 IECC.
Building Departments from the sampled counties were contacted using the provided
intent letter from DCEO, in order to gain access to current new construction projects.
Available documentation (e.g., construction dockets, REScheckTM and COMcheckTM, etc)
for projects permitted after January 1st, 2013 were reviewed for code compliance.
When possible, projects that were currently under construction were visited to ensure
code compliance was maintained throughout the construction process.
“Score + Store” were used to determine individual project compliance along with
statewide compliance.
Department of Energy prototypical models were used to calculate the baseline energy
consumption for residential new construction projects.
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3. Code Compliance Assessment Methodology
This chapter addresses the methodology used to estimate statewide non-compliance and the
baseline energy consumption for residential and non-residential new construction projects. The
study focuses on projects permitted after January 1st, 2013 (the date at which IECC 2012 went
into effect state-wide).
3.1

Sample Selection

The sample for this study was generated using the PNNL methodology. Sampling was performed
for residential new construction and nonresidential new construction projects. The objective of
this study was to sample a minimum of 44 residential buildings and 42 nonresidential buildings.
However, due to reservations within individual municipalities and limitations with new
construction projects, ADM was only able to secure 30 residential buildings and 13
nonresidential buildings. 31 residential sites were originally sampled; however, during a follow
up interview it was discovered that one project was canceled due to financial reasons. Due to the
project not going to construction ADM opted to remove the site from the sample.
3.1.1

Residential Building Sample

Residential construction includes one- and two-family attached and detached dwellings, town
homes, and multifamily structures three stories or less above grade and containing dwelling
units. All other residential construction, including buildings such as hotels and motels, were
considered commercial buildings.
The Department of Energy State Sample Generator Tool4 was used to generate a sample of
residential buildings distributed across jurisdictions and ASHRAE Weather Zone 4 and Weather
Zone 5. Table 3-1 shows the recommended sample created from the sample generator tool based
on 2009 and 2010 new construction starts. 44 buildings are prescribed for the sample. The
sample is designed with 5% precision at the 95% confidence interval.

4
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Table 3-1 Sample Size for Residential New Construction Based on 2009-2010 Annual
Construction Starts
Location

Total Permits

Sample Size

State Total

8,149

44

Climate Zone 4 Total

1,837

10

Bond County

31

1

Clinton County

117

2

Madison County

430

2

Shelby County

64

1

St. Clair County

596

3

Union County

32

1

6,312

34

Calhoun County

14

1

Champaign County

287

4

Cook County

814

4

DuPage County

433

1

Grundy County

63

1

Henderson County

17

1

Jo Daviess County

41

1

Kane County

529

3

La Salle County

72

2

Lake County

462

2

Macon County

95

1

McLean County

327

1

Peoria County

242

4

Sangamon County

324

2

Tazewell County

238

2

Will County

489

1

Winnebago County

210

3

Climate Zone 5 Total

3.1.2

Nonresidential Building Sample

The PNNL methodology stratifies non-residential buildings across three size categories (small,
medium, and large) in addition to county. Two additional size categories are strata (x-large and
xx-large) where appropriate; however, these were not found necessary in this compliance
assessment. The following are definitions for the size categories:


Small: 1-2 stories, single zone, up to 25,000 ft2 in conditioned area;



Medium: Larger than 25,000 ft2 and up to 60,000 ft2;



Large: Larger than 60,000 ft2 and up to 250,000 ft2.
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The Department of Energy State Sample Generator Tool5 was used to generate a sample of nonresidential buildings stratified across jurisdictions, climate zones, and building size. Table 3-2
shows the sample created by the sample generator tool based on 2009 and 2010 new construction
starts. 42 buildings are prescribed for the non-residential sample. The sample is designed with
5% precision at the 95% confidence interval.
Table 3-2 Sample Size for Non-residential New Construction Based on 2009-2010 Annual
Construction Starts

Location
State Total

3.1.3

Construction
Starts
581

Building Size Strata
Sample Size
Sample Size
Sample Size
Small
Medium
Large
14
14
14

Climate Zone 4 Total

76

2

2

2

Jackson County

8

-

1

-

Jefferson County

3

1

-

-

Madison County

15

1

1

1

St. Clair County

15

-

-

1

Climate Zone 5 Total

505

12

12

12

Adams County

6

-

1

-

Champaign County

20

1

-

-

Coles County

5

1

-

-

Cook County

164

2

7

7

Dupage County

41

3

2

1

Grundy County

5

1

-

-

Henry County

5

2

-

-

Kane County

27

-

1

2

Lake County

29

1

-

1

Peoria County

11

-

1

1

Tazewell County

7

1

-

-

Calculating Statistical Confidence for Compliance Rate

Confidence intervals were calculated at a 95% confidence level using the following equation:
𝑠
x̅ ± 1.645 ×
√𝑛
Where,
x̅ = mean
𝑠 = standard deviation
𝑛 = number of buildings in sample (in this case, the number of obtained sites)
5
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From a statistical perspective, we are 95% confident that the compliance rate for the population
falls within the confidence interval. If the confidence interval contains 0.9 we can conclude that
the sample of buildings evaluated gives evidence that Illinois has demonstrated a 90%
compliance rate.
3.2

Data Collection and Analysis

Data necessary for determining baseline compliance and annual energy usage was acquired
through interviews with building officials, reviewing project documentation, and visits to the
construction sites. This allowed ADM to review compliance throughout the construction process
and identify areas in which improvements and additional training are needed. Annual baseline
energy consumption for typical residential constructions was calculated through the use of the
BECP residential prototype models developed by The Pacific Northwest National Laboratory
(PNNL) which operate on the EnergyPlus platform. Baseline energy consumption for nonresidential new construction sites was calculated through the development of site specific eQuest
models. The results of the individual models were then to be aggregated to the number of new
construction starts shown in Table 3-2.
3.2.1

Documentation Review and Data Collection Procedures

ADM followed the methodology set forth by the U.S. Department of Energy’s Building Energy
Codes Program’s (BECP) in documentation review and data collection. The BECP methodology
relies on a library of data collection forms. Specific forms are available for residential and nonresidential new construction projects, the energy code(s) against which compliance is being
assessed, and the weather zone(s) in which the projects are located. The “Score + Store,” forms
are designed to create a homogenous method for determining code compliance using a three tier
points system, which are awarded on a pass/fail criterion.
Each section of the “Score + Store” form is separated into two categories; one for plan
verification and the other for site verification. The plan verification section is populated based
upon documentation reviews performed at the municipality offices. The provided document
types included: REScheckTM, REM/RateTM, and COMcheckTM reports. Architectural plans were
also reviewed to determine that all of the appropriate information was entered into the fore
mentioned compliance programs.
Where site visits were permitted, field staff completed the second category of the “Score +
Store” form. During site visits, staff was accompanied by building department officials, and/or
the builder. On site, information collected during the initial plan check was compared to the
actual practices being employed during the construction process. Note that not all equipment
and/or envelope components could be verified during a single site visit as sites were visited at
various stages of completion. Multiple site visits and follow up interviews were performed when
permitted in an effort to collect post construction data (for example blower door testing and duct
blasting results).
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3.2.2
Method Used to Determine Compliance and Estimate Energy Consumption in
Residential New Construction
Compliance rates for residential new construction project were determined using the “Score +
Store” forms. Data collected on the “Score + Store” forms allowed ADM to quantify site code
compliance according to its compliance path. Possible compliance paths include: prescriptive,
trade-off, and performance. The compliance path must be considered carefully when assessing
code compliance – particularly when a site utilizes the trade-off or performance path. A
particular component may not pass the prescriptive requirements but is ultimately deemed
compliant due to trade-off allowances. An example of this is as follows:


A residential construction project achieves compliance through the use of the UA tradeoff method. Because of this, the contractor installed R-19 in the walls as opposed to the
prescriptive requirement of R-21. The reduction in wall insulation is then compensated
for by installing increased insulation in the attic, thus allowing the envelope to pass UA
trade-off requirements.

Construction details collected by the forms are ranked on a three tier system according to their
impact on code compliance. Tier I sections of code are considered “high impact” and if a Tier I
parameter is found to be compliant then the section of code is awarded three points. Tier II
sections are considered “medium impact” and are awarded two points. Tier III sections are
considered “low impact” and are awarded one point when found compliant. In the advent that it
is determined that a construction is non-compliant, zero points are awarded for the applicable
section of code. Upon the scoring of each applicable section of code, all awarded points point are
divided by the possible number of points to determine the compliance rate for a given project.
The statewide compliance is then determined by averaging the compliance rates across all
sampled homes. If the compliance rate is determined to be above 90%, the state is considered
compliant in regards to the enforced energy code. It should be noted that since the checklists use
a tiered point structure, 90% compliant does not mean that the state or a particular home is
compliant with 90% of the applicable sections of code.
The statewide baseline energy consumption, in reference to IECC 2012, for residential new
construction projects was determined using the BECP residential prototype models, developed
by The Pacific Northwest National Laboratory (PNNL). The PNNL compliance models represent
a typical constructed home that is 100% energy compliant in regards to the requirements set forth
by IECC 2012. ADM modified the PNNL model to create two reference model variants. One
code-compliant and one prototypical construction model were developed for each of the two
weather zones. The compliance model represents a typically size home as determined by the data
collection efforts, and is considered 100% compliant in regards to IECC 2012. The prototypical
construction model represents a typically sized home which is constructed according to the
average verified U-factors identified during the study. These modified versions of the PNNL
models were informed by site specific construction details collected during ADM’s plan review
and on-site inspections. Site specific details were normalized to conditioned area and envelope
surface areas in order to incorporate them into the reference models. The following site specific
details were used in the normalization process:
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Conditioned Area
Home Orientation
Ceiling Insulation Area and U-factors
Above Ground Wall Insulation Area and U- factors
Window Area and U- factors
Door Area and U- factors
Basement Wall Insulation Area and U- factors
Floor Insulation Area and U- factors
Blower Door Results (Air Changes Per Hour)
Duct Blasting Results (CFM/100ft2)
HVAC Duct R-Values

Each compliance and prototypical reference model was then run using the appropriate TMY3
Climate Zone 4 and 5 weather file.
Modifications to the PNNL models were necessary to determine the effects of the duct leakage
and insulation as the original models did not include a detailed duct system. ADM modified the
models to utilize the air flow network component of EnergyPlus. This allows for the
specification of the duct work: length, R-value, and leakage.
3.2.3
Method Used to Determine Baseline Compliance and Estimate Energy Consumption
in Non-Residential New Construction
Compliance rates for residential new construction project were determined using the “Score +
Store” forms. Data collected on the “Score + Store” forms allowed ADM to quantify site code
compliance according to its compliance path. Possible compliance paths include: prescriptive,
trade-off, and performance. Consideration of the compliance path must be given when assessing
code compliance in a similar manner as described in Section 3.2.2. Scoring of the non-residential
forms is performed in an identical manner as the residential forms. Upon the scoring of each
applicable section of code, all awarded points point are divided by the possible number of points
to determine the compliance rate for a given project. Once the compliance of each of the sampled
projects has been determined, the statewide percent compliance is determined by applying a
weighted average method. The weighted average is based upon the number of construction starts
in a building size stratum. If the overall compliance rate is determined to be above 90%, the state
is considered compliant in regards to the enforced energy code. It should be noted that since the
checklists use a tiered point structure, 90% compliant does not mean that the state or a particular
building is compliant with 90% of the applicable sections of code.
Baseline energy consumption for the non-residential new construction projects was quantified
using site specific eQuest models. The site specific models were informed by building
construction data collected during ADM’s documentation review and on-site inspections. The
models could not be calibrated to billed energy usage (as is standard practice) due to lack of
sufficient billing data. This also impacted model inputs such as operating schedules and
temperature set points which had not yet been established for the reviewed facilities. If schedules
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where not readily available, schedules and set points from the Database of Energy Efficient
Resources (DEER) prototypical models were used
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4. Code Compliance Findings
This chapter presents the findings of the baseline compliance study. This chapter includes the
overall energy compliance rate for the state and baseline energy consumption of residential new
construction projects.
4.1

Jurisdictional Participation

The initial statewide compliance of IECC 2012 was determined through the use of the PNNL
“Store + Store” forms. The assessment of code compliance included the review of 30 residential
and 13 non-residential new construction projects. A full sample of residential and non-residential
locations was not able to be obtained due to a multitude of reasons. The most common
limitations were an unwillingness of some jurisdictions to participate, non-response from
contacted officials, and a lack of new construction projects at the time of the study.
During the initial contact phase of the baseline study, 96 jurisdictions were contacted to inquire
about potential qualifying sites and willingness to participate in the study. During the surveys of
individual jurisdictions, it became evident that many departments were either not willing or did
not have the available resources to participate in the study. Some departments also stated that
they did not have the “man power” to enforce an energy code, and because of this, the
documentation needed to perform the study would not be available. This occurred predominantly
in smaller counties (with an average population of less than 45,000). A majority of these
jurisdictions indicated that they had not yet adopted IECC 2012, which is likely one of the
contributors for non-participation. It should also be noted that some jurisdictions within larger
counties were also unwilling to participate; however, due to a greater number of jurisdictions
within larger counties, sample points were able to be obtained from other jurisdictions that were
willing to participate.
The nature of the study also contributed to the low participation rates. IECC 2012 was adopted
by the state of Illinois on January 1st, 2013. Because of this, sites could only be sampled if they
were issued a permit after January 1st, 2013. This limited the number of qualifying new
construction projects due to the typical construction time frame for non-residential projects.
Table 4-1 provides a summary of responses received from the contacted jurisdictions during the
baseline compliance study.
Table 4-1 Jurisdiction Establishment of Contact

Code Compliance Findings

Response

Number of
Jurisdictions

Contacted

96

Participated

24

No New Construction

17

No Energy Code Enforced

14

Unresponsive

28

Unwilling to Participate

2
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4.2

Baseline Statewide Residential Compliance

The baseline compliance rates for each residential new construction project was determined
using PNNL “Store + Score” forms. A simple average of the individual compliance rates resulted
in an overall compliance rate of 81.3%, in regards to the minimum construction requirements set
forth by IECC 2012. Of the reviewed projects, the builders and building departments utilized
one of three methods in order to document energy compliance: prescriptive, trade-off, and
performance. During the study it was identified that the most common software used to
document compliance for the trade-off method was REScheckTM, while Rem/RateTM was used
for performance based compliance. Figure 4-1 shows the distribution of the residential
compliance approaches verified during the baseline study.
Figure 4-1 Residential Compliance Approach Distribution
7%

24%

69% - REScheck
24% - REM/Rate
7% - Prescriptive

69%

4.2.1

Statistical Confidence for Compliance Rate

From a statistical perspective, we are 95% confident that the compliance rate for the population
falls within the confidence interval. We are 95% confident that the compliance rate is between
78.1% and 84.5%. Table 4-2 below summarizes the mean, standard deviation, number of
observations, margin of error, and the upper and lower bounds of the confidence interval.
Table 4-2 Sample Statistics

Code Compliance Findings

Statistic

Value

Mean

0.813

Standard Deviation

0.089

Number of Observations

30

Margin of Error

0.027

Upper Bound

0.845

Lower Bound

0.781
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Because the confidence interval does not contain the value 0.9, we conclude with 95%
confidence that Illinois has not demonstrated a 90% compliance rate.
4.2.2

Baseline Residential Energy Consumption

During the baseline compliance study, the construction details of each residence were recorded
through the use of a tracking database. Collected construction details included; surface areas of
walls, windows, doors, floors and ceilings, along with corresponding U-factor for each. Using
the data collected on site and through documentation reviews, the typical construction for a
residence in ASHRAE Weather Zone 4 and Weather Zone 5 was calculated using a weighted
average method based upon conditioned area. Table 4-3 and Table 4-4 compare the prototypical
and compliant constructions seen in the two weather zones. Prototypical construction refers to
the typical construction identified throughout Illinois during the data collection process, while
IECC 2012 represents a home that is built to the exact specifications set forth by the enforced
energy code.
Table 4-3 ASHRAE Weather Zone 4 Residential Construction
IECC 2012
Conditioned Area

4,161

Orientation

165o

Total UA

502.79
2

Ceiling
Walls

Windows

Doors
Basement Walls
Floors

HVAC

Code Compliance Findings

Prototypical

Area (ft )
U-Factor
Area (ft2)
U-Factor
Area (ft2)
U-Factor
SHGC
Area (ft2)
U-Factor
Area (ft2)
U-Factor
Area (ft2)
U-Factor
Blower Door (ACH@50 Pa)
Duct R-Value
Duct Leakage (CFM/100ft2)

478.98
2,265

0.0260

0.0260
2,379

0.0570

0.0733
413

0.3500
0.4000

0.3053
0.2764
39

0.3500

0.2288
1,953

0.0730

0.0546
158

0.0470
5.00
6.00
4.000

0.0248
3.02
6.00
3.514
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Table 4-4 ASHRAE Weather Zone 5 Residential Construction
IECC 2012

Prototypical

Conditioned Area

3,864

Orientation

122o

Total UA

468.41

442.83

2

Area (ft )
2,093
U-Factor
0.0260
0.0267
2
Area (ft )
2,802
Walls
U-Factor
0.0570
0.0603
2
Area (ft )
429
Windows
U-Factor
0.3200
0.2810
SHGC*
0.4000
0.4000
2
Area (ft )
42
Doors
U-Factor
0.3200
0.2401
Area (ft2)
1,562
Basement Walls
U-Factor
0.0620
0.0524
2
Area (ft )
135
Floors
U-Factor
0.0330
0.0280
Blower Door (ACH@50 Pa)
5.00
3.92
HVAC
Duct R-Value
6.00
5.85
2
Duct Leakage (CFM/100ft )
4.000
3.792
*Note: There are no SHGC requirements for Zone 5. Therefore both models were run with a SHGC of 0.4000.
Ceiling

The above inputs were entered into the PNNL prototypical models using parametric runs. This
allowed for the determination of the current energy consumption for a typical home construction,
along with the reference energy consumption for a 100% compliant home. For instances in
which a construction could not be visually verified on site, ADM sourced construction details
from the energy compliance documentation and/or construction plans to be used as model inputs.
Each set of models was run using the appropriate weather file. The comparisons of energy usage
for IECC 2012 compliant and prototypical baseline models can be seen below in Table 4-5 and
Table 4-6.
Table 4-5 ASHRAE Weather Zone 4 Residential Energy Consumption
IECC 2012

Prototypical
Baseline

Difference
Above Code

Total Usage
(MMBtu/yr)

128.06

130.92

2.87

Annual Usage
(kWH/yr)

13,772

13,642

-129

Annual Usage
(Therms/yr)

810.65

843.72

33.07
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Table 4-6 ASHRAE Weather Zone 5 Residential Energy Consumption
IECC 2012

Prototypical
Baseline

Difference
Above Code

Total Usage
(MMBtu/yr)

140.31

137.23

-3.08

Annual Usage
(kWH/yr)

12,215

12,278

63

Annual Usage
(Therms/yr)

986.30

953.36

-32.94

The energy consumption difference between the IECC 2012 compliant model and the
prototypical model in ASHRAE Weather Zone 4 can be attributed to the reduced window solar
heat gain coefficient (SHGC) values. Through the comparisons of the parametric run outputs, it
was determined that the lower SHGC of the prototypical windows resulted in higher heating
costs due to the solar heating gains through windows being significantly reduced. This negative
impact outweighs the overall benefit of a lower total UA for a residence.
The results of ASHRAE Weather Zone 5 can be attributed to the insulative properties that soil
has on basement walls. When comparing the total UA values of the ceiling, above ground walls,
and basement walls, the prototypical model has an overall lower UA. However, the increased Ufactor of the ceiling and above ground walls cannot be offset by the observed decrease in
basement U-factor, from a heat transfer point of view. This is due to the reduced temperature
difference between the soil and conditioned space of the basement, as ground temperature is
warmer than outdoor air during the winter and cooler in the summer. ASHRAE Weather Zone 5
is dominated by heating loads due to the lower average temperatures, which exaggerates the
negative impacts of the reduced above ground insulation.
The results of the prototypical simulations suggest that residential energy consumption is not
directly related to the percent compliance of a home as defined by the PNNL “Score + Store”
forms. This can be attributed to some sections within the forms having little to no impact on the
energy consumption of the home.
Section R303.1 requires all installed insulation to have labels or documentation of installed Rvalues. If this information cannot be verified, it will trigger non-compliance; however, this will
have no impact on the overall energy consumption of the home. For this particular measure, it is
possible to verify the installed R-values using other verification methods such as measuring
insulation depth or consulting purchase invoices. It is usually the case that though labels are not
always present, the insulation did in fact meet minimum code requirements.
This is also demonstrated in section R303.1.1.1 which specifies that, for blown-in insulation
installations, the attic shall be marked every 300 ft2 in which the marker faces the attic hatch. If
one is to enforce the code verbatim, simply having depth markers not facing the attic hatch
would trigger non-compliance. Again, this does not impact energy consumption of the residence.
The markers simply help to ensure that proper depth of insulation has been installed. If it were
permissible for the inspector to verify without the necessity of depth markers, the insulation
installation would likely meet the code requirement.
Other sections of IECC 2012 that contain specifications that have no impact on energy
consumption are contained in section R401.3 which requires the posting of the compliance
certificate in the electrical panel. Additionally, section R303.3 requires the mechanical and water
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heating equipment manuals to be presented to the home owner. These sections are assigned Tier
II and III scores within the compliance form and do not have an impact on the annual energy
consumption of the home.
4.2.3

Common Areas of Non-Compliance

During the baseline documentation reviews and field inspections there were common areas of
non-compliance discovered, along with errors that presented false compliance. Non-compliance
presented itself in both the documentation review and in current construction practices. The
identified issues are discussed in the subsections below.
4.2.3.1.

REScheck Ceiling Insulation Inputs

When entering ceiling insulation R-values into REScheckTM, there are two available input fields.
These input fields include “Cavity” and “Continuous” for potential insulation installation types.
During the documentation review process, it was common to see the ceiling insulation R-value
being divided among the two software entry fields. This most commonly occurred when the
builder/contractor opted to install loose-fill/blow-in insulation. According to the REScheckTM
help file, the entire R-value for blown-in insulation shall be entered in the “Cavity” field. The
practice of dividing the installed insulation across the two fields results in an overall lower Ufactor, which can result in an inaccurate representation of compliance. This is due to the
REScheckTM UA-Trade Off method where installed envelope insulation requirements are
distributed among the loose-fill insulation installed in the interstitial roof-joist-cavities and the
loose-fill piled on-top of those very same roof joists below. An example of this inaccuracy, or
false compliance, can be seen in Table 4-7 below:
Table 4-7 REScheck Ceiling Insulation

4.2.3.2.

Insulation

Example #1

Example #2

Cavity R-Value

18

48

Continuous R-Value

30

-

Total R-Value

48

48

Overall U-Factor

0.020

0.026

ACCA Manual S and J HVAC Sizing Calculations

Of the 30 sampled sites, six (6), supplied Manual S and Manual J calculations performed by
software “Powered by ACCA Manual J”. For sites documenting compliance through the use of
REM/RateTM, which follows the performance path (i.e., Section 405 analysis), it was common to
see the HVAC equipment selections being accepted for IECC 2012 Sections R302.1 and R403.6
requirements. The afore mentioned sections require heating and cooling equipment to be sized in
accordance with ACCA Manual S where home heating and air-conditioning loads have been
calculated in accordance with ACCA Manual J. According to the ACCA acceptable software
page6, REM/RateTM is not accepted software for performing residential HVAC sizing
calculations. Of the seven residential sites that used REM/RateTM, only one site provided
additional Manual S and Manual J sizing calculations. For homes that used REM/RateTM outputs

6

http://www.acca.org/standards/software/
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for HVAC sizing, the home would be considered non-compliant for the applicable section of
IECC 2012 and receive zero points in the scoring section.
The available information discussing the impacts that right sizing has on annual energy
consumption is somewhat limited. A publication submitted to the 2008 ACEEE Summer Study
on Energy Efficiency in Buildings conference claims that “oversizing air conditioners by 100 to
150% above ACCA Manual J can increase peak demand by 20 to 50% and increase energy use
by 2 to 5%.”7 Quantifying the impacts that right-sizing home heating and air-conditioning
systems compared to those homes without would have within the state of Illinois would need to
be calculated on a site by site basis and would require an additional study. Sizing calculations are
not able to be performed with the collected compliance documentation. Due to this and state
specific right-sizing home heating and air-conditioning impacts not being readily available,
ADM opted to assume home were right-sized in the energy simulations.
4.2.3.3.

HVAC Duct Leakage

Duct leakage has a large impact on the energy efficiency of a home due to conditioned air
escaping into unconditioned spaces. Section R403.2.2 requires that the leakage across the system
be no greater than 4 cfm/100ft2 of conditioned space. However, if the ducts are located entirely
within conditioned space, the duct network is exempt from this requirement. Figure 4-2
illustrates the results of the residential duct leakage effort.
Figure 4-2 Residential Duct Leakage Compliance
13%

43%
23%
43% - Does Not Comply
20% - Construction In-Progress
23% - Complies
13% - Not Applicable
20%

During the baseline study it was discovered that a majority of the homes’ duct work was not
tested and as a result, failed compliance for the section as duct leakage test are required for all
duct work located in non-conditioned spaces. However, of the homes that supplied duct blasting
results, all of the reported leakage rates were below the maximum allowable leakage of 4.00
7

Pg. 1-205: http://aceee.org/files/proceedings/2008/data/papers/1_692.pdf
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cfm/100ft2, with the exception of one home that had a reported leakage of 4.32 cfm/100ft2. The
home with the reported leakage above the maximum allowable threshold, fails compliance due to
not meeting set requirements. From the reported duct blasting results it leads ADM to believe
that the current common construction practices being performed within the state result in duct
work having less leakage than the maximum allowed by IECC 2012.
Of the sites that did not comply with duct blasting and leakage requirements, all failed to require
and/or perform duct blasting except for three. For those three sites, it was noted that all of the
duct work was located in conditioned areas; therefore, duct sealing requirements were not
applicable. However, during sites inspections it was discovered that each of the three homes
contained ducts that were located in the unconditioned attic portion of the home. Since these
ducts were located in unconditioned spaces, duct blasting tests are required. Because of this, the
sites failed compliance for this requirement.
4.3

Baseline Statewide Non-Residential Compliance

Due to low participation in the non-residential category, a statewide compliance rate was not
determined. This is due to the number of sampled sites not being statically relevant. ADM felt it
was necessary to document the areas of non-compliance in the non-residential sampled sites,
which are discussed in the following sections.
4.3.1

Common Areas of Non-Compliance

During field inspections and baseline documentation reviews there were common areas of noncompliance discovered, along with errors that presented false compliance. Non-compliance was
identified in both the envelope and lighting systems of the sampled new construction projects.
The identified issues are discussed in the subsections below.
4.3.1.1.

COMcheck Lighting Inputs

Non-residential lighting presented the most common area in which errors were made when
documenting compliance. The most significant energy impacting error came from sites
improperly using space-by-space lighting power densities (LPD) when whole building LPD
would have been a more appropriate approach.
An example of this was identified in a newly constructed health clinic. The provided energy
compliance documentation showed that the allowable whole building LPD was claimed to be 1.7
w/ft2. Through further review of IECC 2012 it was discovered that the referenced LPD of 1.7
w/ft2 is to be used for healthcare clinic and hospital exam rooms when utilizing a space by space
method. This would have been an acceptable approach if each space within the facility had been
broken out. Instead, the whole facility was claimed as if they were exam rooms. Had the whole
building method been appropriately selected, the allowable LPD would have been 1.0 w/ft2. This
caused the site to fail interior lighting compliance, as the installed whole building LPD was
actually closer to 1.64 w/ft2.
It was also discovered that the flooring area within the lighting section of the COMcheck was
generally over stated as compared to the area being reported in the envelope section. When this
practice was discovered for a given site, it was determined through plan reviews that the claimed
area in the envelope portion of the COMcheck was typically correct. This overestimation of area
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in the lighting portion allowed buildings to increase their maximum allowable wattage and pass
interior lighting requirements. When the reported floor area was corrected, sites would fail IECC
2012 interior lighting requirements.
4.3.1.2.

COMcheck Envelope Inputs

It was occasionally discovered that not all surfaces of a building were entered into the envelope
portion of COMcheck. In one such instance it was identified that the building’s glass entry doors
were not included in the UA-trade off calculation. Through on-site verification and interviews
with the building’s architect it was determined that the addition of the glass entry doors would
cause the site to fail the envelope portion of the COMcheck.
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5.

Conclusions & Recommendations

This chapter reports the key conclusion and recommendations resulting from the Baseline Code
Compliance Study.
5.1

Key Conclusions

Due to the nature of the study, the participating sampled sites cannot be considered strictly
random. In jurisdictions for which energy codes are not enforced, sites were not sampled due to
the lack of project documentation and/or administrative resources to assist in the study. This is
also the case for jurisdictions that refused to cooperate with the study. This leads ADM to
believe that the BECP methodology for determining statewide compliance will tend to skew the
results slightly upward. That is, the residential compliance rate in regards to IECC 2012
construction requirements for the state is likely lower than 81.3%. In order for this to be
remedied, the participation by all state jurisdictions would need to be mandatory.
Smaller jurisdictions, primarily located in southern Illinois, are particularly limited in their
abilities to enforce building codes. Building departments maintained that due to the lack of
departmental budgets and available resources, many builders were left to their own accord to
build to energy code requirements. Some jurisdictions also stated that they did not foresee
current or near-future adoption of IECC 2012 as they felt it would hinder new construction
projects in the area.
The recentness of the adoption of IECC 2012 appeared to hinder the number of qualifying nonresidential new construction sites. Due to the slow pace at which non-residential sites are
typically permitted and constructed, the evaluation team was informed by many jurisdictions that
there were projects in the design phase but final permits had yet to be granted. This limited the
number of potential sample sites available for the study.
A higher level of compliance does not necessarily indicate a higher level of energy efficiency.
This is demonstrated in the prototypical model results in Section 4.2.2 which estimates the
difference in energy consumption between prototypical and IECC 2012 code-compliant
residences. This can be attributed to some constructions resulting in higher efficiency than
others; however, this is not reflected in the compliance rate.
To provide an example, assume two buildings are identical in layout, square footage and
construction. Building “A” however, has installed R-13 in above ground walls and R-21 in
basements walls, while Building “B” installed R-21 in above ground walls and R-13 in
basements walls. Both homes would pass the REScheckTM UA Trade-off method and would
result in the same compliance rates. Due to above ground walls experiencing higher outside air
temperature swings compared to the basement walls, building “B” would ultimately be more
energy efficient. This is due to above ground walls having a higher heat transfer potential, and
therefore a greater impact on energy consumption.
The example above also demonstrates that the UA Trade-off method is not always an appropriate
determination of energy compliance as a determinate of energy consumption.
It is believed by ADM that the similar annual energy consumption of the prototypical models as
compared to the compliance models cans be attributed to natural market adoption and social
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trends. “Energy Efficiency” and “Green” are prevalent subject manners in today’s society. Home
builders are using this as a selling point of new construction homes which leads to the increase of
more efficient homes in the market place. Other contributors to natural market adoption are the
window manufacturers. Manufacturers are no longer creating inefficient windows in respect to
the various energy codes being enforced across the nation. This in itself is helping to guide
newly constructed homes on a path of overall energy efficiency.
5.2

Recommendations

The amount of time that has elapsed after the adoption of an updated energy code affects the
number of possible sites that are available to sample for evaluation purposes. Sites available for
sample selection were limited to projects that were permitted after the adoption date (in this case,
after January 1, 2013). For future evaluations, waiting until a longer period of time has elapsed
after the adoption date would ensure the following:




Greater likelihood for a higher number of potential sample sites and therefore a higher
number of sites in each sample (residential and non-residential)
Construction projects would likely be farther along and not in early building stages
(projects closer to completion result in higher compliance accuracy)
Many jurisdictions encounter delays with regard to code enforcement

For a higher level of accuracy within each individual new construction project, city and county
building departments would need to notify evaluators after each completed phase of project. This
would help to lessen or eliminate having to select “non-observable” for codes that cannot be
verified as compliant as the construction of the project is too far along.
Changes to REScheckTM should be made which inform users that ceiling blown-in insulation Rvalues shall only be entered in the “Cavity” field. Currently, users must read through the
REScheckTM help file to obtain the necessary information to correctly fill in this section. This
could be achieved by adding a “Pop-Up” similar to the one that appears when a user enters floor
insulation when basement wall insulation has been specified. The “Pop-Up” could simply state
the correct practice when entering blown-in ceiling insulation. PNNL has been aware of this
issue through discussions with DCEO and is hoping to make the suggested changes to the
REScheckTM in the next software update.
Due to the issues of the UA Trade-off method for basement walls as discussed in Sections 4.2.2
and 5.1, it is recommended that a correction factor be applied to the UA of basement walls when
determining the overall compliance of a home. This would ensure that the home is compliant in
terms of code as well as energy consumption. Energy simulation models could be used to
develop an interactive correction factor need to correct this issue.
ADM opted to assume that for homes in which duct and envelope leak testing was not
performed, the maximum allowable leakage rate by code would be used for the energy
simulation process. ADM felt that it would be biased to assume that the leakage rates for the
homes in which the test were not performed to be higher than the leakage rates allowed by code.
In order to quantify the energy impacts for sites in which blower door and duct blasting test were
not performed, evaluators of future studies could take this upon themselves. After the completion
of this study, PNNL informed us of the release of a new residential compliance methodology
which places the responsibilities of performing blower door and duct blast testing on the
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evaluators involved in determining compliance prior to occupancy. ADM believes this will help
mitigate the availability of blower door and duct blasting results in future compliance studies,
thus increasing certainty in the calculated potential energy savings for increased code
compliance.
A similar methodology could also be implemented for sampled homes in which ACCA Manual J
and Manual S HVAC sizing calculations were not performed. There are currently a few white
papers discussing the matter. However, none of them are Illinois specific; therefore ADM opted
to not include these impacts in the modeling analysis. It should be noted that PNNL’s new
residential compliance methodology, no longer considers ACCA sizing requirements for the
determination of energy code compliance rates and typical home energy consumption.
ADM recommends that participation in DCEO offered BECP training be considered mandatory
for future compliance evaluators. Evaluators would receive the same up to date training as local
building professionals and be able to determine what topics are not being practiced in the field
and/or lost in translation. This would allow for a continuous feedback system allowing for a
constant evolution of the training program.
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