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Executive Summary

A research project in the state of Tennessee identified opportunities to reduce homeowner utility bills in
residential single-family new construction by increasing compliance with the state energy code. The
study was initiated in September 2017 and continued through July 2018. During this period, research
teams visited 138 homes during various stages of construction, resulting in a substantial data set based on
observations made directly in the field. Analysis of the data has led to a better understanding of the
energy features present in homes and indicates over $2.5 million in potential annual savings to Tennessee
homeowners that could result from increased code compliance.

Methodology

The project team was led by the Southeast Energy Efficiency Alliance (SEEA). The team applied a
methodology prescribed by the U.S. Department of Energy (DOE), which was based on collecting
information for the energy code-required building components with the largest direct impact on energy
consumption. These key items are a focal point of the study, and in turn drive the analysis and savings
estimates. The project team implemented a customized sampling plan representative of new construction
within the state, which was originally developed by Pacific Northwest National Laboratory (PNNL), and
then vetted through public meetings with key stakeholders in the state.

Following data collection, PNNL conducted three stages of analysis on the resulting data set

(Figure ES.1). The first stage identified compliance trends within the state based on what was observed
in the field for each key item. The second modeled energy consumption (of the homes observed in the
field) relative to what would be expected if sampled homes just met minimum code requirements. The
third stage then calculated the potential energy savings, consumer cost savings, and avoided carbon
emissions associated with increased code compliance. Together, these findings provide valuable insight
on challenges facing energy code implementation and enforcement, and are intended to inform future
energy code education, training and outreach activities.

Statistical Energy Savings

Analysis Analysis Analysis
Examination ofthe setand Modeling of energy Projection of savings associated
distribution of observations consumption for a simulated with improved compliance

population of homes

Figure ES.1. Stages of Analysis Applied in the Study
Results

The key items with the greatest potential for savings in Tennessee are presented in Table ES.1. The
estimates presented in the table represent the savings potential associated with each measure and are
extrapolated based on projected new construction. These items should be considered a focal point for
compliance-improvement programs within the state, including energy code educational and training
initiatives. In particular, there are significant savings opportunities for wall and ceiling insulation through
improved insulation installation quality (11Q).
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Table ES.1. Estimated Annual Statewide Savings Potential

Total Energy
Savings Potential Total Energy Cost Total State Emissions Reduction
Measure (MMBtu) Savings Potential ($) Potential (MT CO2¢)
Exterior Wall 43,032 904,664 34,119
Insulation
Ceiling Insulation 27,068 588,867 22,810
Lighting 11,805 427,468 21,557
pnvelope Alr 12,561 247,035 8,800
ightness
Duct Leakage 7,653 184,062 7,644
Foundation Insulation 10,367 179,403 5,598
Window SHGC 1,160 21,407 717
TOTAL 113,646 MMBtu $2,552,905 101,245 MT CO2e
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Figure ES.2. Modeled Distribution of Regulated EUI (kBtu/ft*/year)

In terms of overall energy consumption, the analysis shows that homes within the state use less energy
than would be expected relative to homes built to the current minimum state code requirements

(Figure ES.2). Analysis of the collected field data indicates average regulated energy use intensity (EUI)
of 23.47 kBtu/ft*-yr statewide compared to 26.08 kBtu/ft>-yr for homes exactly meeting minimum
prescriptive energy code requirements. This suggests that on average the typical home in the state is
about 10% better than code.
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ACH
AHU
Btu
cfm
CFA
Ccz
DOE
EERE
ERV
EUI
ICC
IECC
11Q
kBtu
MMBtu
NA
PNNL
RESNET
SEEA
SHGC
TN

Acronyms and Abbreviations

air changes per hour

air handling unit

British thermal unit

cubic feet per minute

conditioned floor area

climate zone

U.S. Department of Energy

Office of Energy Efficiency and Renewable Energy
Energy Recovery Ventilator

energy use intensity

International Code Council
International Energy Conservation Code
insulation installation quality

thousand British thermal units

million British thermal units

not applicable

Pacific Northwest National Laboratory
Residential Energy Services Network
Southeast Energy Efficiency Alliance
solar heat gain coefficient

Tennessee

vii






Contents

EXECULIVE SUIMIMATY ...ccuviiiiiiieiieiieeieeie ettt ettt et e esteesteestaessaesssessseasseassaesseessaessaesseesssesssesssesssesssennsennsens il
ACKNOWIEAGMENTS......ooiiiiiiieciie ettt e et eb e e st e ete e e sbeessbeessseeessseessseesnseeensseesseesnseesseenn v
ACTONYMS and ADDIEVIATIONS .....eevvieriieriieeiieiie ettt et et et et esteesteesatesatesateenteebeebeesseasseesseesseesnsesnseensennne vii
1.0 TIHTOUCTION ...ttt b ettt bt et e bt e at et e bt e st et e s bt e m e e besbeemeebeeneeneeeene 1.1
L1 BACKEIOUNG .....viiiiiieiiieceeetes ettt ettt ettt e e st e e etae e tbeesssaeessaeessseessseeensaeensseenssenns 1.1

R o (o) <ot < ' s RO PP 1.1

1.3 Stakeholder INTETESES .......ecueieieuieteetieiete ettt ettt et sttt e st e e e ne et e neeeneeneas 1.2

2.0 MEthOAOIOZY ... .ueiiiiiiiiieeiee ettt ettt e et e et e e et e e e tee e tbeesabeeessaeessbeessseeasssaesssaesssaeensssessseesssanans 2.1
2.1 OVEIVIEW .ttt ettt ettt ettt e et e et e e et e e e beeeatee e tbeesabeeeteeesssesasesenbaeesseeasseesnsesesseesasens 2.1

2.2 SHALE STUAY -eeveerieieetieiee ettt ettt ettt sttt ettt e et e a e n et e bt et et e et ent e bt eneenteeseeneeneees 2.2
2.2. 1 SAMPINE .evieiiiiiiiieciie ettt ettt st e et e et e e sabe e e tee e tbeeeebeeebaeeesbeeanbaeesaeesebaearaaans 2.2

2.2.2  Data CoOlIECHIOMN. .....eruieuiitieiieiestee ettt ettt ettt ettt sttt sbe et e sbe s b entenbeeaeenes 2.2

B B D - - 0N 1 -1 4] TSRS 2.3
23,1 Statistical ANALYSIS ...eeoviruiriitiriiiiee ettt sttt 2.4

2.3.2 ENEIEY ANALYSIS ..eovvieeiiiiieiieiieiteieesieestesttesetesressbeesseesseesseessaesseasssesssesssesssesssesssessseenns 2.5

2.3.3  SAVINES ANALYSIS c..eeeiuiiiiiieieeie ettt ettt ettt sttt e ee e 2.5

2.4 LIMILATIONS ..utieitieiieieeiiesieesteeetesteeteeteesseesteesseesseesseesssesnsesnsesnseenseesseessessseesseesnsesnsesnsesnsesssenns 2.6
2.4.1 Applicability Of RESUILS......c.oioiiiieiieeiieceecee ettt e 2.6

2.4.2 Definition and Determination of CoOmpliance .........c.ccecvreviieiiieeciiienieeciee e e 2.7

2.4.3  Sampling SUDSHIEULIONS ... .ccuveiieiieereetietieteeieesteesteesieesteesteessaesseesssesssessseesseesseesseensesnns 2.7

244 STEE ACCESS .eeuuveuieeutieie et et et et e st e st e st e st te s at e eat e ea e e eab e e be e bt e bt e bt e bt e bt e sbeesheesatesabeeareeaee 2.7

2.4.5 Analysis MEthodS ......ccooiiiiiiiiiiiiieeee et 2.7

2.4.6 Presence Of Tradeofts. .....ccoieieiiiiiieiee e 2.7

3.0 State RESUILS ..uviiiiiiiciiecie ettt et e et e e b e et eeebe e e tbeessbeeeabeeeebeeesbeeentaeesbaeanreeenraaanns 3.1
3.1 Field ODSETVATIONS. ...c..eeutiiiriieieiietteieete ettt ettt ettt b st e e bt et et sbt et e b st et nbe e e enees 3.1
T B B () 20 175310 TP URRURUPRRTRPS 3.1

3.1.2 Additional Data TteIMS .....cc.eeruiertiiriiiiieiie ettt 3.17

3.2 ENEIZY INLENSILY ..ueevvieeeieeiieiieieeieeie et et esteeste st e staesesessseesseesseesseesseesseesseeseesssesssesssenssenssenns 3.18

3.3 Savings POteNtial.......cccuiciiiiiiiiciiciieeece sttt ettt s aaesraesraeerae e 3.19

4.0 CONCIUSIONS ...eviiiiiieeiiieetee et e etee et e et e e eeteeeeteeeetaeeeabee e seeeseseeeabesessseesseesasesansseessseesssesesssessseeasaeans 4.1
5.0 RETEIEIICES ...ttt ettt ettt ettt e a et bt e et et e e st et e st e es et e saeest et e eneeneeneene 5.1
Appendix A — Stakeholder PartiCIPation ............cc.ceciiiiciieeciiriiiieciee ettt etee e re e eeeaeeeeveeas Al
Appendix B — State Sampling Plan...........ccocoviiiiiiiiiii e B.1
Appendix C — Additional Data..........cc.eceviiiiiiiiiiiiiieeiesteseste et eereebeebe e beessaesteeseaesssessnessreens C.1

X



Figures

Figure 2.1, SAmMPIe GTaPR ....cceiiiiiieiieiieerere ettt ettt stee st e setessbessbeessaesseesseesseesseessnenssenns 24
Figure 3.1. Envelope Tightness fOr TENNESSEE ......c.vevviirierieiiiiieeieeriereesreesreesteestaeseaeseneesreessessseesseesseens 3.2
Figure 3.2. Window SHGC fOr TENNESSEE .....cc.erueeririiriiiiiniiniieierieeitenie sttt st ettt esestesbe e seesbeennens 33
Figure 3.3. Window U-Factor fOr TeNNESSEE.........cccccierieriierierieeieeieeteeieesieesieeseaeseaessnesssesssessseesseesseens 34
Figure 3.4. Frame Wall R-Value (Cavity) for TENNESSEE .......cccuveecviiiriieiiieeieeeieeeevee e eieeeseveesveesvaeens 3.5
Figure 3.5. Wall U-Factors fOr TENNESSEE .......cc.erueriiriiriiieriiniieiesteeetete sttt ettt et sae e 3.6
Figure 3.6. Ceiling R-Values fOr TeNNESSCE ......c.cccviiviieriieriieiiecieciecte et ere e esteesaesenesreseressseessessseens 3.7
Figure 3.7. Ceiling U-Factors fOr TENNESSEE .........ccvviiiriieiiieeiieeiieecteeeteeestteesteesreeereeesaseeseseessseeessseenes 3.8
Figure 3.8. High-Efficacy Lighting Percentages for TENNESSEE .........ceevviereienierirrieeieeie e eieeieeieeneens 3.9
Figure 3.9. Duct Tightness (Unadjusted) Values for TeNNeSSee.........ccvevvieviievierierienienieere e eve e 3.10
Figure 3.10. Adjusted Duct Tightness Values for TENNESSEE ........ccceeeveviiiiieeiiieeiieeree et 3.11
Figure 3.11. S1abs fOr TE@NNESSEE .....ccvevveeieerieiieiieteeitesteesteeseeestreseressessbeesseesseessaesseessaesseessnesssesssennss 3.13
Figure 3.12. Tennessee Floor Cavity R-ValUues .........cccoccuiriiiiiiiiiiiiie et 3.14
Figure 3.13. Floor U-Factors for TENNESSEE .......c.cerueruirieriiriirienienieetenieeit ettt st sbe e 3.15
Figure 3.14. Crawlspace Wall U-Factors for TENNESSEE........ccverrierierierieeieeriereereereesreesseeseeesenesenenens 3.16
Figure 3.15. Statewide EUIL ANALYSIS......ccciiiiiiiiiiiiiiieeiie ettt ettt sveeeveeeireesaseessreeenvaeessveesaneas 3.19

Tables

Table 3.1. Tennessee ENvelope TIGNtNESS .....c.cccviiviiiriiiiieiiesie ettt ettt steestee s resaesreeereesseessaesreens 3.2
Table 3.2. Tennessee WINdOw SHGC .........ooiiiiiiiiiieeie ettt ettt st ettt et 33
Table 3.3. Tennessee WIndoW U-FaCtOT............ccveciiriiirieniesiesieeieeie et eie et esieesiaeseessnessesnsesnseesseenseens 34
Table 3.4. Tennessee Frame Wall R-ValUe ..........ccooviiiiiiiiiiiiiie ettt eveesveeveeree s 3.5
Table 3.5. Tennessee Above Grade Wall TTQ ........ccooiiiiiiiiiiiiiiee et 3.6
Table 3.6. Tennessee Wall U-FaCtors ........ccoccvriiiiieiieiieeeseeste ettt eteeteesia e ae e s eesesesssessseenseens 3.7
Table 3.7. Tennessee Ceiling R-ValUe.........ccc.oiiiiiiiiiiiiiiccie ettt 3.8
Table 3.8. Tennessee ROOTIIQ ........ooiiiiiiiiiiii ettt ettt et e e te s e tee e aveesaveeenreeenes 3.8
Table 3.9. Tennessee Ceiling U-Factor........ccccooviiiiiiiiiiiiieeiecieseesre e ere et e ste e ae v e seveseneesveesseens 3.9
Table 3.10. Tennessee High-Efficacy Lighting Percentages .........c.ccoecveeeiievciieeciieniieciee e 3.10
Table 3.11. Tennessee Duct Tightness Values (Unadjusted).........cccveveerienienierienienieeieeie e 3.11
Table 3.12. Tennessee Adjusted DUCt TIZNINESS .....ecvievieriieiieiieiie ettt sreesre s ere e eenes 3.11
Table 3.13. TENNESSEE SIADS ......ooecuiiiiiiiciie ettt ettt e et e vt eesabeeereeetaeeeseesareeenreeas 3.13
Table 3.14. Tennessee FI00r TTQS .....cc.voiiiiiiiiiiceeeee ettt et eveeeeane s 3.14
Table 3.15. Tennessee FIoOT U-FaCtOrs .......cccuoiiiiiiiiiiieieieeseeee et 3.15
Table 3.16. Tennessee Crawlspace Wall TIQS .......coooieviiniiiinininiinieeeeeee et 3.16



Table 3.17. Tennessee Crawlspace Wall U-Factors...........cccieriiiiiieeiiiiiiieriee et 3.17

Table 3.18. Conditioned FIOOT ATEA (F12) .......voveveeeeeeeeeeeeeeee oo eee e 3.17
Table 3.19. NUMDET OF STOTIES ....ceveitieieieieieiee ettt ettt ettt et e et e st et este e st etesbeeseenseeneeneenes 3.17
Table 3.20. Statewide Annual Measure-Level Savings Potential ............coceoiviriininiinininnencneeeenn 3.21
Table 3.21. Breakdown of Foundation Measure Level Savings Potential .............ccccevvvevienieneenvennnne, 3.22

Table 3.22. Five-years, Ten-years, and Thirty-years Cumulative Annual Statewide Savings Potential . 3.23
Table 4.1. Annual Statewide Savings Potential ............ccceviiiiiiriiiiiinietceeeeeeee e 4.1

X1






1.0 Introduction

A research project in the state of Tennessee investigated the energy code-related aspects of unoccupied,
newly constructed, single family homes across the state. The study followed a DOE-prescribed
methodology, which allowed the project team to build an empirical data set based on observations made
directly in the field. The data was then analyzed to identify compliance trends, their impact on statewide
energy consumption, and calculate savings that could be achieved through increased code compliance.
Study findings can help to justify additional support for energy code education and training activities, as
well as catalyze future investments in compliance improvement programs.

The Tennessee field study was initiated in September 2017 and continued through July 2018. During this
period, research teams visited 138 homes across the state during various stages of construction. At the
time of the study, the state code was an amended version of the 2009 International Energy Conservation
Code (IECC)'. The study methodology, data analysis and resulting findings are presented throughout this
report.

1.1 Background

This project was built upon the U.S. Department of Energy’s (DOE) field study, “Strategies to Increase
Residential Energy Code Compliance Rates and Measure Results”.?> The purpose of this study is to
gather field data on energy code measures, as installed and observed in actual homes and through the
subsequent analysis to identify trends and issues, which eventually can inform energy code training and
other compliance-improvement programs.

Energy codes for residential buildings have advanced significantly in recent years, with today’s model
codes approximately 30% more efficient than codes adopted by the majority of U.S. states. ** Hence, the
importance of ensuring code-intended energy savings, so that consumers reap the benefits of improved
codes—something which will happen only through high levels of compliance. More information on
overall DOE interest in compliance is available on the DOE Building Energy Codes Program website.’

1.2 Project Team

The Tennessee project was led by the Southeast Energy Efficiency Alliance (SEEA), with field data
collected by Southface. The Pacific Northwest National Laboratory (PNNL) defined the methodology,
conducted data analysis, and provided technical assistance to the project team. Funding and overall
program direction was provided by the DOE Building Energy Codes Program as part of a broader
initiative being conducted across several U.S. states. More information on the organizations comprising
the project team is included in the Acknowledgements section of this report.

! Available at https://publications.tnsosfiles.com/rules/0780/0780-02/0780-02-23.20170202.pdf

2 Available at https://www.energycodes.gov/compliance/residential-energy-code-field-study.

3 National Energy and Cost Savings for New Single- and Multifamily Homes: A Comparison of the 2006, 2009, and
2012 Editions of the IECC, available at http://www.energycodes.gov/development.

4 Available at http://www.energycodes.gov/adoption/states.

3 Available at https://www.energycodes.gov/compliance.
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1.3 Stakeholder Interests

The project started with the formation of a stakeholder group comprised of interested and affected parties
within the state. The project team maintained active communication with the stakeholders throughout the
course of the project. Stakeholders were sought from the following groups:

o Building officials

e Homebuilders

o Subcontractors

e Material supply distributors
e Government agencies

o Energy efficiency advocates
o Utilities

o Other important entities identified by the project team.
A description of the stakeholders who participated in the project to date is included in Appendix A.

Members of these and other groups are critical to the success of the project, as they hold important
information (e.g., building officials have the lists of homes under construction and are therefore key to the
sampling process), control access to homes needed for site visits, are targets for training, or, as is often the
case with government agencies, have oversight responsibilities for code adoption and implementation.
Utilities were also identified as a crucial stakeholder, and often have direction from state regulatory
bodies (e.g., the public utility commission) to achieve energy savings. Many utilities have expressed an
increasing interest in energy code investments and are looking at energy code compliance as a means to
provide assistance and generate additional savings. The field study is aimed specifically at providing a
strong, empirically-based case for such utility investment.
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2.0 Methodology

2.1 Overview

The Tennessee field study was based on a methodology developed by DOE to identify savings
opportunities associated with increased energy code compliance. This methodology involves gathering
field data on energy code measures, as installed and observed in actual homes. In the subsequent
analysis, trends and issues are identified, which can help to inform energy code training and other
compliance improvement programs.

Highlights of the methodology:

e Focuses on individual code requirements within new single-family homes
e Based on a single site visit to reduce burden and minimize bias

o Prioritizes key items with the greatest impact on energy consumption

e Designed to produce statistically significant results

e Data confidentiality built into the experiment—no occupied homes were visited, and no personal data
shared

e Results based on an energy metric and reported at the state level

PNNL identified the code-requirements (and associated energy efficiency measures) with the greatest
direct impact on residential energy consumption. ' These key items drive sampling, data analysis, and
eventual savings projections:

1. Envelope tightness (ACH at 50 Pascals)
Windows (U-factor & SHGC)

Wall insulation (assembly U-factor)
Ceiling insulation (R-value)

Lighting (% high-efficacy)

Foundation insulation (R-value)2

A o

Duct tightness (cfm per 100 ft* of conditioned floor area at 25 Pascals)

PNNL evaluated the variability associated with each key item, and concluded that a minimum of 63
observations would be needed for each one to produce statistically significant results at the state level.
Both the key items themselves and the required number of observations were prescribed in the DOE
methodology.

The following sections describe how the methodology was implemented as part of the Tennessee study,
including sampling, data collection, and resulting data analysis. More information on the DOE data

! Based on the mandatory and prescriptive requirements of the International Energy Conservation Code (IECC).
2 Floor insulation, basement wall insulation, crawlspace wall insulation, and slab insulation are combined into a
single category of foundation insulation.

2.1



collection and analysis methodologies is published separately from this report (DOE 2018) and is
available on the DOE Building Energy Codes Program website.?

2.2 State Study

The prescribed methodology was customized for Tennessee to reflect circumstances unique to the state,
such as state-level code requirements and regional construction practices. Customization also ensured
that the results of the study would have credibility with stakeholders.

221 Sampling

PNNL developed a statewide sampling plan statistically representative of recent construction activity
within the state. The samples were apportioned to jurisdictions across the state in proportion to their
average level of construction compared to the overall construction activity statewide. This approach,
known as a proportional random sample, was based on the average of the three most recent years of
Census Bureau permit data®. The plan specified the number of key item observations required in each
selected jurisdiction (totaling 63 of each key item across the entire state).

An initial sample plan was first developed by PNNL, and then vetted by stakeholders within the state.
Special considerations were discussed with stakeholders, such as state-specific construction practices or
systematic differences across county boundaries. These considerations were taken into account and
incorporated into the final statewide sample plan shown in Appendix B.

2.2.2 Data Collection

Following confirmation of the sample plans, the project team obtained lists of homes recently permitted
for each of the sampled jurisdictions. These lists were then sorted using a random drawing process and
applicable builders were contacted to gain site access. That information was then passed onto the data
collection team who arranged a specific time for a site visit. As prescribed by the methodology, each
home was visited only once to avoid any bias associated with multiple site visits. Only installed items
directly observed by the field teams during site visits were recorded. If access was denied for a particular
home on the list, field personnel moved onto the next home on the list.

2.2.21 Data Collection Form

The field teams relied on a data collection form customized to the mandatory and prescriptive
requirements of Tennessee’s energy conservation code. The final Tennessee data collection form is
available in spreadsheet format on the DOE Building Energy Codes Program website.” The form
included all energy code requirements (i.e., not just the key items), as well as additional items required
under the prescribed methodology. For example, the field teams were required to conduct a blower door
test and duct leakage test on every home where such tests could be conducted, using RESNET® protocols.

3 Available at https://www.energycodes.gov/compliance/residential-energy-code-field-study.

4 Available at http:/censtats.census.gov/ (select the “Building Permits” data).

3 Available at https://www.energycodes.gov/compliance/residential-energy-code-field-study and based on the forms
typically used by the REScheck compliance software._Tennessee used the 2009 IECC data collection form.

® See http://www.resnet.us/standards/RESNET Mortgage_Industry National HERS_Standards.pdf.
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Additional data was collected beyond the key items which was used during various stages of the analysis,
or to supplement the overall study findings. For example, insulation installation quality (IIQ) impacts the
energy-efficiency of insulation and was therefore used to modify that key item during the energy
modeling and savings calculation. Equipment such as fuel type and efficiency rating, and basic home
characteristics (e.g., foundation type) helped validate the prototype models applied during energy
simulation. Other questions, such as whether the home participated in an above-code program, can assist
in understanding whether other influencing factors are at play beyond the code requirements. In general,
as much data was gathered as possible during a given site visit. However, data on the key items were
prioritized given that a specified number was required for fulfillment of the sampling plan.

The data collected were the energy values observed, rather than the compliance status. For insulation, for
example, the R-value was collected, for windows the U-factor. The alternative, such as was used in
previous studies, simply stated whether an item did or did not comply (i.e., typically assessed as “Yes’,
‘No’, ‘Not Applicable’ or ‘Not Observable’). The current approach provides an improved understanding
of how compliance equates to energy consumption and gives more flexibility during analysis since the
field data can be compared to any designated energy code or similar baseline.

2.2.2.2 Data Management and Availability

Once the data collection effort was complete, the project team conducted a thorough quality assurance
review. This included an independent check of raw data compared to the information provided to PNNL
for analysis, and helped to ensure completeness, accuracy and consistency across the inputs. Prior to
submitting the data to PNNL, the team also removed all personally identifiable information, such as
project site locations and contact information. The final dataset is available in spreadsheet format on the
DOE Building Energy Codes Program website.’

2.3 Data Analysis

All data analysis in the study was performed by PNNL, and was applied through three basic stages:

1. Statistical Analysis: Examination of the data set and distribution of observations for individual
measures

2. Energy Analysis: Modeling of energy consumption for a simulated population of homes

3. Savings Analysis: Projection of savings associated with improved compliance

The first stage identified compliance trends within the state based on what was observed in the field for
each key item. The second modeled energy consumption (of the homes observed in the field) relative to
what would be expected if sampled homes just met minimum code requirements. The third stage then
calculated the potential energy savings, consumer cost savings, and avoided carbon emissions associated
with increased code compliance. Together, these findings provide valuable insight on challenges facing
energy code implementation and enforcement, and are intended to inform future energy code education,
training and outreach activities.

The following sections provide an overview of the analysis methods applied to the field study data, with
the resulting state-level findings presented in Section 3.0, State Results.

7 Available at https://www.energycodes.gov/compliance/residential-energy-code-field-study.
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2.3.1

Statistical Analysis

Standard statistical analysis was performed with distributions of each key item plotted by climate zone.
This approach enables a better understanding of the range of data, and provides insight on what energy-
efficiency measures are most commonly installed in the field. It also allows for a comparison of installed
values to the applicable code requirement, and for identification of any problem areas where potential for
improvement exists. The graph below represents a sample key item distribution, and is further explained
in the following paragraph.
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Figure 2.1. Sample Graph

Each graph is set up in a similar fashion, identifying the state, climate zone, and specific item being
analyzed. The total sample size (n)