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Residential buildings account for about 21.5% of the nation’s primary energy 

consumption and carbon emissions, and about 38% of electricity use.  The housing stock 

in the United States consists of over 128 million residences with over 60% being 

constructed prior to 1979 when building codes and regulations began standardizing 

building practices.  Seeking an opportunity to understand and reduce consumption, the 

scientific community developed a number of model-driven auditing software.  While 

these computer models have been successful in predicting usage patterns in newer 

residential structures, they have been inaccurate in predicting and analyzing energy use in 

aging housing stock, predominantly homes built prior to 1979.  The problem then 

remains how these homes should be retrofitted and what is the best approach in analyzing 

and understanding consumption patterns, especially those that consume an inappropriate 

amount of energy.  Using a rural community in Iowa, 480 older homes were used to 

expand on the scientific research of residential energy consumption and usage patterns.  

Analysis was accomplished using a three step process. First, historical utility data was 

paired with assessor data to identify BTU per Square Footage rankings using a multiple 

regression analysis together with the stepwise regression.  Second, a qualitative survey 

was administered to identify homeowner perception and current usage patterns.  Lastly, 

the building envelope on existing homes was tested to determine air exchanges per hour 

to the actual energy used.  



 
 

The statistical analysis inferred the necessity of using actual historical utility data 

when determining the current home energy usage instead of computer simulation models.  

Older homes show no significant commonalities in regards to style, year built, condition, 

and/or appraised cost that would allow a precise computer modeled approach to energy 

savings calculations.  The perception survey results supported previous research 

concluding awareness of energy efficiency techniques may actually lower base utility 

consumption.  The on-site analysis indicated the building envelope provided the best 

opportunity for permanent improvement in comparison to other energy offender 

solutions; however, it was determined that more research is needed on the use of blower 

door and effective building envelope improvements.  Even so, strategies were developed 

to address the challenges of residential energy offenders.  It was concluded that actual 

historical data has a higher potential to be more accurate when trying to understand 

energy consumption and patterns. 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

Copyright 2011, Nathan A. Barry 

 

 

 

 

 

 

 

 

 

 

 



 
 

ACKNOWLEDGMENTS 

 I would like to express my sincere gratitude to my advisor, Dr. Charles Berryman 

who continued to push me over the past three years and as a result am a better person.  I 

am proud to not only call him my advisor, but a mentor and a friend.  To my colleagues 

at UNK who provided constant encouragement and assistance so that I could continue my 

doctoral education.  To my parents who encouraged me to follow my passions and 

showed me the importance of selfless work.  To my three wonderful children, Adam, 

Katelynn, and Braden, who are my inspiration to succeed and are a constant reminder that 

each day is an opportunity to create, learn, and explore.   Most importantly: to my wife 

Michelle.  I have been blessed by her compassion and encouragement over the years.  

She has unselfishly put her own personal and professional life on hold so that I could 

pursue and complete my PhD.  She has shown me what unconditional love is and I am 

grateful every day of my life that is shared with her.  

  

 

 

 

 

 

 

 



v 
 

TABLE of CONTENTS 

CHAPTER 1: Introduction …………………………………………………………......1 

 

 1.1 Background of Residential Conservation Programs…………………………..1 

 

1.2 History and Case Studies……………………………...………………………6 

 

1.3 Problem Statement…………………………………………………………….8 

 

1.4 Research Questions…………….……………………………………………...9 

 

1.5 Importance of the Study…………………………………………….......……10 

 

1.6 Scope of the Study……………………………………………………...……11 

 

1.7 Limitations of Research………………………………………...……………12 

 

1.8 Definition of Terms…………………………………………………………..13 

 

CHAPTER 2: Literature Review……………………………………………………...16 

 

2.1 United States Housing Stock ………………………………………………..16 

2.2 Woodbine, Iowa…………………………………………………………...…18 

2.3 Residential Energy Audits…………………………………………………...20 

2.4 Utility Companies and Conservation………………………………………...24 

2.5 Utility Data Analysis…………………………………………………………26 

2.6 Customer Perceptions toward Sustainability………………………………...28 

2.7 Blower Door Usage on Building Envelopes…………………………………30 

CHAPTER 3: Research Methodology………………………………………………...34 

3.1 Introduction…………………………………………………………….…….34 

3.2 Context & Access……………………………………………………………34 

3.3 Participants: Number, Relevant Demographics, Sampling Methods………..35 

3.3.1 City of Woodbine, IA Demographics……………………………………...36 



vi 
 

3.3.2 Research Participants………………………………………………………37 

3.3.3 Sampling Methods…………………………………………………………37 

3.3.3.1 BTU/SqFt/DD Participants………………………………………………37 

3.3.3.2 Homeowner Perceptions Survey Participants……………………………38 

3.3.3.3 Selection of On-Site Analysis Participants………………………………38 

3.4 Procedure…………………………………………………………………….38 

3.4.1 BTU/SqFt/DD Calculations………………………………………………..38 

3.4.1.1 Assessor Data Collection………………………………………………...39 

3.4.1.2 Historical Utility Data Collection………………………………………..39 

3.4.1.3 Historical Weather Data Collection……………………………………...40 

3.4.2 Homeowner Perceptions Survey ...………………………………………...40 

3.4.3 On-Site Analysis …………………...………………………………….…..41 

3.5 Instrumentation………………………………………………………………42 

3.5.1 BTU/SqFt/DD……………………………………………………….……..42 

3.5.2 Homeowner Perceptions Survey ………...………………………………...45 

3.5.3 On-Site Analysis …………………………………...………………….…..45 

3.5.3.1 Blower Door Use…………………………………………………….…..47 

3.6 Data Analysis………………………………………………………………...48 

3.6.1 BTU/SqFt/DD……………………………………………………………...48 

3.6.1.1 BTU/SqFt/DD Spreadsheet………………………………………………48 

3.6.1.2 BTU/SqFt/DD and Assessor Data Correlations………………………….48 

3.6.2 Homeowner Perceptions Survey ...………………………………………...49 

3.6.3 On-Site Analysis ………………………………...……………………...…50 



vii 
 

3.7 Ethical Considerations………………………………………………….……51 

CHAPTER 4: Results and Research Findings……………………………………..…52 

4.1 Intent of Data Analysis………………………………………………………52 

4.1.1 BTU/SqFt/DD Analysis…………...……………………………………….52 

4.1.2 Homeowner Perceptions Survey ………………………...……………...…52 

4.1.3 On-Site Analysis ……………………………………...………………...…53 

4.2 Data Inputs and Tables………………………………………………….……53 

4.2.1 BTU/SqFt/DD Ranking…………...………………………………….……53 

4.2.1.1 Correlation Analysis……….………………………………….…………53 

4.2.1.2 Multiple Regression Analysis…………………………………...….……55  

4.2.1.3 Stepwise Regression Analysis……..…………………………….………57 

4.2.1.4 Residuals Analysis….……………………………………………………59 

4.2.2 Homeowner Perceptions Survey Results ………………...……..…………60 

4.2.2.1 Question 10 Results………………………………………………...……61 

4.2.2.2 Question 14 Results………………………..……………………….……63 

4.2.2.3 Positive Responses to both Question 10 and 14 Results…………...….…65 

4.2.3 On-Site Analysis Results …………………………………...……………..76 

CHAPTER 5: Conclusions…………………………..…………………………………79

 5.1 Research Purpose …………………………………………………………... 79 

5.2 Research Question #1 Conclusion………………………………………...…79 

5.3 Research Question #2 Conclusion…………………………………..……….80 

5.4 Research Question #3 Conclusion…………………………………..……….81 

5.5 Problem Statement Conclusion…………………………………..…………..82 



viii 
 

5.6 Discussion……………………………………………………………...…….83 

5.7 Directions for Future Research……………………………………...……….84 

REFERENCES…………………………………………………………..……...………87 

APPENDIX A BTU/SQFT/DD Data…………..……………………………….…..……94 

APPENDIX B Homeowner Perception Survey Data…………………………..………153 

APPENDIX C On-Site Analysis Data………...…………..……………………………184 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ix 
 

LIST of TABLES 

TABLE 2.1: Breakdown of Residential New Homes……………………………………17 

TABLE 3.1: Woodbine, IA Demographic Information…………………………….……36 

TABLE 3.2: Woodbine, IA Residential New Housing Information……………….……37 

TABLE 4.1: Blower Door to BTU/SqFt/DD Comparison………………………………76 

TABLE 4.2: Linear Regression Results of ACH50………………………………...……77 

TABLE A.1: Completed Ranking of Woodbine BTU/SQFT/DD Results………………97 

TABLE A.2: Year Built Correlation Table……………………………..………………109 

TABLE A.3: House Style Correlation Table……………………...……………………120 

TABLE A.4: House Condition Correlation Table………………………...……………131 

TABLE A.5: Assessed Value Correlation Table……………………………….………142 

TABLE B.1: Individual Survey Results Questions 1-10………………….……………158 

TABLE B.2: Individual Survey Results Questions 11-13……...………………………164 

TABLE B.3: Individual Survey Results Questions 14-15……………………...………169 

TABLE B.4: Individual Survey Results Questions 16-20………………………...……173 

TABLE B.5: Individual Survey Question Breakdown…………………………………179 

TABLE B.6: Question 10 and 14 Survey Result Calculations…………………………181 

TABLE C.1: Blower Door Reading to Air Exchange Calculations……………………208 

 

 

 

 

 



x 
 

LIST of FIGURES 

FIGURE 3.1: BTU/SQFT/DD Spreadsheet Example……………………..…………….44 

FIGURE 3.2: On-Site Analysis Checklist………………...……………………………..46 

FIGURE 3.3: Air Change per Hour at 50 Pascals (ACH50) Formula…………..….……51 

FIGURE 4.1: Scatterplot of Assessed Value and Year Built….…………………………54 

FIGURE 4.2: Correlation Matrix of Variables…………………………………….…….54 

FIGURE 4.3: Multiple Regression Analysis Calculations………………………………55 

FIGURE 4.4: Stepwise Regression Analysis Calculations………………………………57 

FIGURE 4.5: Histogram of Residuals...…………………………………………………59 

FIGURE 4.6: Scatterplot of Variables……………………………………………….…..60 

FIGURE 4.7: Homeowner Perception Survey Question 7…………………..…..………68 

FIGURE 4.8: Homeowner Perception Survey Question 8……………………....…....…68 

FIGURE 4.9: Homeowner Perception Survey Question 9……………………..…..……69 

FIGURE 4.10: Homeowner Perception Survey Question 10…………………......…..…69 

FIGURE 4.11: Homeowner Perception Survey Question 11…………......………..…....70 

FIGURE 4.12: Homeowner Perception Survey Question 11A………..…………..…….70 

FIGURE 4.13: Homeowner Perception Survey Question 12…………..….….....……....71 

FIGURE 4.14: Homeowner Perception Survey Question 13…………..…...…....……...71 

FIGURE 4.15: Homeowner Perception Survey Question 14………………...….....……72 

FIGURE 4.16: Homeowner Perception Survey Question 14A………………......……...72 

FIGURE 4.17: Homeowner Perception Survey Question 15………………..…....……..73 

FIGURE 4.18: Homeowner Perception Survey Question 16………………...…...…..…73 

FIGURE 4.19: Homeowner Perception Survey Question 17………………..…....…..…74 



xi 
 

FIGURE 4.20: Homeowner Perception Survey Question 18………………………....…74 

FIGURE 4.21: Homeowner Perception Survey Question 19………………..………..…75 

FIGURE 4.22: Homeowner Perception Survey Question 20………………....…………75 

FIGURE 4.23: Scatterplot of AC@50 Results…………..……..…………………….….77 

FIGURE 4.24: Sample On-Site Summary Report……………..……..………...………..78 

FIGURE A.1: Beacon Online Appraiser Data Example…...………………...…………..95 

FIGURE B.1: Notification of Upcoming Perceptions Survey………………...………..154 

FIGURE B.2: Informed Consent Form…………………………………………………155 

FIGURE B.3: Homeowner Perceptions Survey………………………………...………156 

FIGURE C.1: Selected Residents Invitation Letter…………………………………….185 

FIGURE C.2 Property #1…………………….…………………………......…………..186 

FIGURE C.3: Property #2……………………………………………………………....187 

FIGURE C.4: Property #3………………………………………………………………188 

FIGURE C.5: Property #4…………………...………………………………………….189 

FIGURE C.6: Property #5……………………………………………...……………….190 

FIGURE C.7: Property #6………………………………………………………………191 

FIGURE C.8: Property #7………………………………………………………………192 

FIGURE C.9: Property #8…………………..……………………………….………….193 

FIGURE C.10: Property #9…………………………………………….……………….194 

FIGURE C.11: Property #10……………………………………………………………195 

FIGURE C.12: Property #11……………………………………………………………196 

FIGURE C.13: Property #12……………………………………………………...…….197 

FIGURE C.14: Property #13…………………………………..………………………..198 



xii 
 

FIGURE C.15: Property #14………………………………………………...………….199 

FIGURE C.16: Property #15…………………………………………………………....200 

FIGURE C.17: Property #16…………………………………………………………....201 

FIGURE C.18: Property #17…………………………………………………………....202 

FIGURE C.19: Property #18…………………………………………………………....203 

FIGURE C.20: Property #19…………………………………………………………....204 

FIGURE C.21: Property #20…………………………………………………………....205 

FIGURE C.22: Property #21…………………………………………………………....206 

FIGURE C.23: Property #22…………………………………………………………....207 

 

 

 

 

 

 

 

 

 

 

 

 

 



1 
 

CHAPTER I 

INTRODUCTION 

 

1.1 Background of Residential Conservation Programs 

As researchers around the country are now aware, the housing stock consumes 

over 49% of our entire energy supply in the building sector and over 50% of our 

electrical supply (1).  What is perhaps more disheartening is that it is estimated almost 

20% of the energy usage is caused by poor homeowner habits and historically poor 

building practices (2).  While the commercial sector seemed to effortlessly convert to 

using “green” building practices, the residential sector has been stagnant with specific 

pockets or communities gaining momentum only to lose it due to economic slowdown or 

lack of government funding (3) (4) (5). 

On its face, the residential building community is often blamed for this lack of 

sustainable transition, but as more and more character differences are discovered between 

the commercial and residential sectors, it is unfair of us as researchers to expect the same 

standards and results from what can truly be defined as two very different business 

models and industries.  While the commercial sector is often supported (33% in 2008-

2010) by government funding of building i.e. schools, government offices, libraries, etc., 

the residential sector is almost completely funded by individual private investors or 

homeowners.  This characteristic difference allows the governing body to impose “green” 

or LEED (Leadership in Energy and Environmental Design) building standards on the 

commercial builder.  Acknowledging the potential for future business, many of these 
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commercial firms have made sustainable practices standard which ultimately influences 

the building attributes of their privately invested structures.  This government influence 

has positively changed the commercial sector indefinitely. 

The residential building sector has been less affected by these governmental 

influences than its commercial counterpart for a multitude of reasons.  With government 

funded residential properties accounting for less than 1% of the entire building portfolio 

(2), it has had little to no influence on the building practices.  Another character 

difference between the two sectors is the number of influential players involved.  The top 

400 contractors in the commercial sector capture almost 50% of the total revenue in the 

United States (7), while the top 100 builders across the country supply less than 5% of 

the housing stock (2).  When trying to influence and change century old building 

practices, accessing and educating the commercial sector becomes a much more 

obtainable and effective task.  Educating and training a residential sector in which 95% of 

the firms employee less than 10 people has often been linked to the lack of green 

momentum in the home building industry (3).  Finally, the budget allocation for energy 

use has not been taken into account until recent years.  A commercial building can incur 

yearly utility bills in the tens of thousands of dollars.  When commercial investors are 

looking at a useful life expectancy in the building for over 50 years, the investment to 

save 15-20% of those utility costs makes energy efficient upgrades financially viable.  

These budget opportunities quickly become constraints in the residential sector.  With the 

average stay in a home being less than seven years (6) and utility costs reaching only a 

few thousand dollars per year, the budget and salability of energy efficient upgrades 

become difficult. 
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Understanding that the residential building community has constraints differing 

from those in the commercial sector does not allow researchers to ignore the rising 

energy consumption problem.  In fact, it is the duty of the applied sciences to investigate 

the current limitations and identify potential solutions to the residential energy crisis.  

While wind and solar technologies are advancing at institutions across the country, today 

kWh production from these sources range from $0.8 to $0.20 (4).  This does not include 

the infrastructure costs and grid updates needed to accept this energy source on large 

scale programs.  With utility companies across the country reaching infrastructure 

capacity during peak demand season, many are aggressively looking for ways to reduce 

demand.  It may seem counter-productive for a company to actively look for ways to sell 

less of their product, but with unknown future government mandates, the option to invest 

$10 billion dollars on a new coal or nuclear plant is a decision that board members are 

unwilling to make.  This opportunity for conservation has been seen as the solution with 

utility companies such as Nebraska Public Power District (NPPD), which is willing to 

invest up to $0.015 per kWh in conservation programs and incentives (5).  Programs 

across the country have allowed residents to invest in loans for HVAC upgrades, perform 

energy audits, and become more educated on habitual changes that can lower their energy 

consumption and ultimately their monthly costs. 

The issue at hand is that the research completed regarding what and where the 

best retrofit energy efficiency upgrades are in a home is still being analyzed and tested.  It 

has been shown that upgrading HVAC systems, changing out old windows, and installing 

higher efficiency appliances can drastically reduce the consumption, but often at 

unreasonable prices.  Attempting to convince enough of the marketplace to invest 
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thousands of dollars into upgrades that often have little return on investment is difficult 

and realistically unsustainable without consistent government assistance.  Educating 

homeowners on simple homeowner maintenances such as turning down the water heater, 

setting back their thermostat, and changing out old light bulbs with new CFL’s has been 

seen as influential (3).  However, the calculated savings are unknown and begin to 

diminish as homeowners forget or simply choose to return to their old habits (4). 

Unlike their commercial counterparts, the residential building team rarely consists 

of professional architects, owner-investor groups, and general contractors. Instead, the 

residential sector focuses on a personal one on one relationship with one owner and one 

builder wearing different “hats” or job descriptions.  With the residential builder acting as 

the owner’s representative, the general, the laborer, and sometimes the designer, there is 

little opportunity to develop or implement new building practices or opinions outside the 

production builders.  The residential builder is viewed as the building expert to the 

owner, so suggestions or procedures made are often approved by the owner without 

another consulting opinion.  This building relationship, while personable, has hindered 

the movement towards green building and design.   

Over 95% of the builders across the country employ less than 10 employees and 

have little to no formal training in terms of engineering and design (3).  Many builders 

have been trained in the field by family or friends that introduced them to the home 

building business.  Along with the hands on craftsmanship that has passed down from 

generation to generation, poor training on energy efficient habits have also been adopted.   

While many owners perceive the compliance of codes process as a quality control 

procedure, the building inspector is responsible for minimum safety and fire code 
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standards.  In some areas the inspector often ignores energy efficiency procedures that the 

builder may or may not be using.  With builders facing minimal profit margins and 

lacking the knowledge of building efficiency practices, energy efficient homes are not 

replacing the current housing stock at an effective rate, and the housing stock remains the 

leading cause of wasteful energy consumption (8).   

Understanding that today’s housing stock stands at over 128 million homes (6) 

and is currently replacing older homes at a pace of 500,000/year (2), the development of 

a truly market-driven residential retrofit business model is not only possible, but 

necessary.  Prior to the energy crisis in 1979 which led to insulation and building 

envelope standards, it was common for homes to purposely be constructed for 

breathability which we consider today to be envelope leakage.  The inefficiency of 

HVAC systems and the inexpensive energy costs made this envelope leakage desirable to 

allow for proper indoor air quality with little added cost to the occupant.  While building 

practices post-1980 used proper building envelope sealing and mechanical ventilation 

systems, over 64% of the current housing stock is pre-1980 (6). 

With unstable and rising energy costs and the acknowledgement that petroleum, 

natural gas, and coal supplies are being consumed at growing rates, the consumption of 

these energy supplies has turned the focus to residential retrofits.  Unlike a “cash for 

clunkers” program, it is unrealistic to believe that citizens will demolish their inefficient 

home for a new, higher efficiency model.  Homes, like family heirlooms, are passed 

down from generation to generation holding sentimental value as well as permanency of 

location at a time when people struggle to find an identity in this global world.  The 
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challenge then becomes finding the best approach to retrofit enough of the housing stock 

to affect the current and future consumption rate of residential housing. 

To further calculate diminishing returns, this study expands on the research of 

valuing today’s sustainability market.  With the help of the commercial building sector, 

many people are going to work in “green” offices and recognize the benefits.  

Furthermore, marketers in the automobile industry, building materials, and a variety of 

other industries are using “green” as a selling tool and actually creating value.  From this 

collaborative environment, the building sciences are considered to be at the crest of a 

“tipping point” in which actual value will be added to properties that utilize proven 

sustainable techniques (15) (16).    

1.2 History and Case Studies 

Private investors, non-profits, utility, and government based programs have all 

attempted to infuse energy retrofit models into the residential sector, some with more 

success than others.  Private companies often struggle with payback projections and 

workforce training that makes their business unsustainable when any sort of government 

rebate or tax incentive runs out (4).  The non-profit based groups tend to focus on senior 

citizens or low-income families by making improvements to homes.  These groups are 

most often mission based and narrow in focus.  The utility based programs often attempt 

to work with the homeowners and financial loan programs.  While some of these 

programs are effective, they are state specific and still require a large financial 

commitment from the consumer.  The long-standing government retrofit programs have 

exclusively targeted low-income housing, leaving 80% of the population unable to access 

these programs (7) (8).  This “middle” class is the majority of homeowners that are 
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considered too wealthy to qualify for government assistance but too poor to afford any 

substantial out-of-pocket upgrades.  Highlighted in the following are a few examples of 

programs being implemented in the Midwest. 

The South Central Kansas Environmental Development District developed a 

retrofit program in 2007 that made it possible for residents within a 13-county region to 

have an energy audit performed on their home and then retrofit it (9).  The basis of the 

program was to allow homeowners to make energy improvements on their homes without 

a large financial burden.  The cost of the retrofit would be financed through the SCKEDD 

and then paid back by the homeowner over an agreed upon period.  While this program 

had strong momentum, it lacked sustainability due to the homeowner inconvenience and 

unethical business practices of contractors.  Following the energy audit, homeowners 

were given a list of suggested upgrades, but the responsibility of contacting contractors 

and getting bids was placed solely on the homeowner.  This project management role 

became too burdensome, and many people elected to end the process.  When the 

homeowner’s were able to schedule and hire the contractor, many of the costs of retrofits 

were sometimes 50 to 100% over market value.  The contractors recognized that the 

financier of the work was a government agency and often overcharged for retrofits 

unbeknownst to the homeowner.  These actions were caught too late by the governing 

oversight committee.  

A number of utility monitoring services and homeowner educational tools have 

been proven to cut utility consumption usage (10).  The monitoring services are often too 

expensive to build into existing infrastructure and privacy issues have made widespread 

use of the technology difficult.  Education has been shown to change homeowner habits, 
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but cannot be guaranteed to cut usage permanently.  While a retrofit to the structure of 

the home can be a one-time investment, education and decision based improvements is 

often an ongoing investment, making the cost to financers and utility companies 

exponential. 

In Hastings, NE a strictly residential retrofit energy company has partnered with 

local utilities on residential retrofits (11).  Energy Pioneer Solutions, Inc. performs the 

energy audit, contracts the retrofits, and monitors the usage.  The retrofit project is 

financed by the company and homeowners pay for the services over a two- to five-year 

period by sharing the cost savings.  While the business model is innovative and creates 

true partnership with private investors, the utility company, and residences, it is still in 

the infant phases of success.  Residential energy savings projections are still difficult, and 

training a labor force to perform weatherization work that guarantees energy savings with 

a limited budget requires superior project management. 

It seems that current residential retrofits are cost ineffective and business models 

and contractors attempting to build a sustainable residential model have had little to no 

success without the help of governmental assistance in the form of tax incentives or 

grants.  Still, it remains the responsibility of the research community to recognize the 

opportunity and provide proven techniques that exist in the residential marketplace. 

1.3 Problem Statement 

 Residential energy consumption accounts for a large majority of overall energy 

use in the United States.  Seeking an opportunity to understand and reduce consumption, 

the scientific community has developed a number of tools and technologies in an attempt 

to accurately analyze energy usage.  Access to individual consumption data being limited 
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and the need for a cost effective pre-analysis; a number of model driven auditing software 

have entered the marketplace.  While traditional auditing methods have shown accuracy 

in predicting usage patterns in newer residential structures, there has been difficulty in 

predicting and analyzing the aging housing stock, especially in respect to pre/post retrofit 

saving calculations.  The problem then remains how and what the best approach is when 

developing a community-based retrofit program.  

1.4 Research Questions 

Research Question #1:  Can historical consumption data and property assessor data be 

efficiently used to analyze community based energy usage patterns? 

Research Objectives for Question #1 

 Develop an energy analysis tool that could be used by private and public 

utility companies to identify a target residential market for energy 

conservation retrofits. 

 Identify the subsector of the housing population that currently consumes 

the largest amount of energy per square foot of living space. 

 Identify which housing characteristics play critical roles in identifying 

retrofit opportunities. 

Research Question #2:  To what extent do the homeowners’ perceptions of energy 

efficiency in rural America affect their actual energy consumption?    

 Research Objectives for Question #2 

 Develop a community wide survey to assess individual perceptions of 

energy efficiency and green building. 
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 Conduct a statistical analysis of homeowners’ perceptions to actual energy 

consumption to identify the amount of influence. 

Research Question #3:  Is there a direct relationship between the building envelope 

and actual energy consumption in the aging housing stock? 

 Research Objectives for Question #3 

 Develop a systematic approach of using property assessor data and 

historical consumption rates in the pre-auditing and auditing process. 

 Conduct a statistical analysis of building envelope performance and actual 

energy consumption. 

 Identify the role building envelope testing has in a community based 

retrofit project. 

1.5 Importance of the Study 

Residential retrofits remain the largest untapped opportunity to reduce our 

dependence on fossil fuels whether domestically or abroad.  While the public and private 

community continues to invest in new energy sources, today wind costs $0.08/kWh and 

solar upwards of $0.20/kWh for large scale productions (4).  By simply retrofitting 

residential properties, an energy company can produce savings through conservation at a 

cost of $0.03/kWh (4).  Another reason to remain focused on residential retrofits is the 

human factor.  One of the proudest times in a citizen’s life is when they become a 

homeowner.  This country thrived during the industrial revolution and post-World Wars 

with the common American dream to one day own a home.  In today’s economy where 1 

in 45 homes will face foreclosure (8), unemployment is close to 10%, and many people 

have been faced with a pay freeze or cut, residential retrofits offer a way for citizens to 
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save money immediately and lighten their family’s financial burden, even if it is as little 

as $30/month. 

Research in the area of specific residential retrofits is scarce, but with the 

opportunities recognized by the DOE, NREL, Berkeley labs, and research universities 

across the country, new work is being published every day.  Current related research is 

found in the commercial sector but has often been misused in a residential application 

(18).  Commercial properties and occupancy habits remain fairly consistent and building 

practices have been standardized for years.  This makes calculating energy usage and 

savings in the commercial sector much easier and more accurate.  When dealing with a 

residential application, many homes built in the same period and style are often done 

using various framing and design techniques.  Couple these building differences with the 

specific unique homeowner habits, and it becomes difficult to accurately use commercial 

science on a residential retrofit (9) (10) (11). 

1.6 Scope of the Study 

Understanding the differences between the two sectors does not discount 

residential retrofit possibility; it simply means a specific scientific methodology needs to 

be developed.  To believe that researchers can create a “one size fits all” retrofit method 

is naïve, but this study attempts to show that there is the possibility to create specific 

retrofit models for house styles i.e. ranch homes, two-stories, split entry, etc. that are also 

period specific i.e. 1880 – 1920; 1920 – 1940; 1940 – 1960, etc.  This study began by 

investigating the housing stock in these subcategories to establish a much better 

understanding of materials used, building techniques, and retrofit opportunities 

(specifically building envelope improvements).  It is important to note that this study 
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includes data from one specific climate zone and these subcategories and retrofit 

prescriptions will most likely differ in each of the United States climate zone regions. 

There are two specific technologies that will further the accuracy of residential 

retrofits.  First, the blower door science has improved to the point where it can accurately 

measure how much a building envelope is leaking and easily convert this leakage to heat 

loss (12) (14).  By pressurizing the home, a contractor has the ability to not only measure 

the amount of leakage but visually see and feel where the leakage is occurring i.e. attic, 

basement penetrations, rim joists, windows, outlets, etc.  By adding the use of a thermal 

imaging camera, a researcher or energy auditor can measure the temperature difference 

and heat loss of windows and exterior walls.  While this measuring technique is being 

widely used, much more data needs to be collected before assigning energy loss values to 

financial savings calculations (13). 

To address the feasibility of accurately calculating diminishing returns, a better 

system of effectively monitoring energy consumption after retrofit is needed.  Little 

research has been done on the residential sector that uses actual historical utility data 

before and after a completed retrofit.  Privacy issues have been a concern and 

accessibility to large enough data sets has often caused researchers to assume current 

home usage based on a certain amount of building characteristics (14) (17).  Even the 

energy audits being performed using nationally recognized software such as HERS and 

BPI assume pre-audit usage when calculating potential savings.   

1.7 Limitations of Research 

 This study specifically analyzed residential homes in climate zone 2 as defined by 

the United States Energy Information Administration. 
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 This study did not attempt to verify the HVAC efficiency of the homes. 

 This study assumes the county assessor’s data is accurate in regards to property 

data used for energy consumption calculations. 

1.8 Definition of Terms 

 Blower door – Diagnostic tool used to measure the airtightness of a building.  A 

blower door consists of a calibrated fan for measuring airflow rates and a pressure 

sensing device to measure air pressure created by the fan flow. 

 BPI – Acronym for the Building Performance Institute.  Recognized as a leader of 

technical standards for weatherization retrofit work. 

 BTU – Acronym for British thermal Unit.  A BTU is the amount of heat energy 

needed to raise the temperature of one pound of water by one degree F.  This is a 

standard measurement for all forms of energy.  

 Building envelope – Refers to how airtight or sealed a home is.  The building 

envelope should be designed and constructed to allow the correct number of air 

exchanges in one hour in a building. 

 CCF – Acronym for Centum cubic-feet.  Typical unit in which industrial-

consumption of natural gas or water is measured.  Each CCF is equal to 100 

cubic-feet.  

 CFL – Acronym for compact fluorescent light. 

 CFM – Acronym for cubic feet per minute.  Blower door readings are taken 

traditionally at 50 CFM. 

 Climate zone regions – The globe is divided into any of eight principal zones 

roughly by lines of latitude on the basis of climate characteristics. 
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 Degree days – A unit of measurement equal to the difference of one degree 

between the mean outdoor temperature on a certain day and a reference 

temperature, usually 65 degrees F.  Used in estimating the energy needs for 

heating or cooling a building. 

 DOE – Acronym for Department of Energy. 

 Green – Refers to the concept of environmentally friendly practices. 

 HERS – Acronym for Home Energy Rating System. A HERS score of 100 

represents a standard home built to code.   

 Housing Stock – The current number of homes in the United States. 

 HVAC – Acronym for Heating, Ventilation, and Air Conditioning systems. 

 KWh – Acronym for kilowatt hours.  A unit of energy equal to 1000 watt hours.  

1 kWh is equal to 3,412 Btu’s. 

 LEED – Acronym for Leadership in Energy and Environmental Design.  

Developed by the United States Green Building Council to rate sustainable 

buildings.  

 NAHB – Acronym for National Association of Home Builders.  NAHB is the 

largest residential building organization in the United States. 

 NREL – Acronym for National Renewable Energy Laboratory.  It is the United 

States primary laboratory for renewable energy and energy efficiency research 

and development. 

 Retrofit – Refers to the process of remodeling or placing energy efficient 

materials into the home for energy conservation purposes.  

 R-Value – Measure of thermal resistance in any material. 



15 
 

 Sustainability – Refers to the building practice of using recycled or reconditioned 

material to avoid consuming the earth’s natural resources. 
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Chapter II 

LITERATURE REVIEW 

 

 The following reviews the current United States housing stock as well as a 

detailed description of the City of Woodbine, Iowa.  Previous research in the areas of 

residential utility analysis, community retrofit programs, homeowner perceptions, and the 

growing use of blower door technologies are summarized to give credit to the current 

research as well as contribute to the development of methodology chosen for this specific 

project. 

2.1 United States Housing Stock 

Every two years the U.S. Census Bureau, with sponsorship by the U.S. 

Department of Housing and Urban Development, releases the American Housing Survey.  

This report is the most comprehensive analysis of the size and composition of the current 

housing stock as well as available financial characteristics, neighborhood quality, and 

homeowner demographics i.e. sex, age, education, etc. (6).  The AHS (American Housing 

Survey) is conducted on both the national and metropolitan level.  The national survey 

gathers information every odd-numbered year from 55,000 housing units through random 

sample selection.  The metropolitan survey is conducted every six years and is aimed at 

identifying divisions between central city housing and the greater metropolitan areas.   

Understanding the current housing stock in the United States is critical prior to 

researching or developing a residential retrofit model that can sustain itself in a free 

market or capitalist driven society.  Simplistically, the housing stock is often viewed in 
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two or three categories: rent vs. own; first-time, move-up, or retirement home; or style 

i.e. ranch, split-level, or two stories.  While these categories are sufficient for 

generalizing the housing population, a much more detailed understanding of the housing 

characteristics is needed.  The following is a snapshot of the current housing stock in the 

United States taken from the 2009 American Housing Survey.  The data from the AHS is 

available separately both in total inventory and occupied units.  On its face, the occupied 

units are of more concern, but understanding the homes entering the marketplace plays a 

critical role for the future of retrofit models. 

There are currently 125,494,000 year-round housing units in the United States 

marketplace, with 13,688,000 sitting vacant.  The breakdown of the age of the home in 

Table 2.1 provided by the AHS gives this study a baseline for identifying characteristics 

and opportunities via period built. 

TABLE 2.1: Breakdown of Residential New Homes (AHS 200) 

 2005 to 2009  7,052,000 

 2000 to 2004  8,851,000 

 1995 to 1999  8,495,000 

 1990 to 1994  6,730,000 

 1985 to 1989  8,515,000 

 1980 to 1984  7,152,000 

 1975 to 1979  13,290,000 

 1970 to 1974  10,642,000 

 1960 to 1969  14,747,000 

 1950 to 1959  12,891,000 
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 1940 to 1949  7,626,000 

 1930 to 1939  5,619,000 

 1920 to 1929  4,983,000 

 1919 or earlier 8,902,000 

 Median year of U.S. housing stock is 1979 

  The number of new construction homes’ entering the marketplace has decreased 

significantly over the past 5 years.  While the mid-2000 saw over 1,000,000 homes 

constructed, the years 2007 to 2010 have averaged just over 500,000 new homes (2).  

Understanding the number of homes in the marketplace and the replacement rates brings 

the realization that by simply building more energy efficient new homes, it will take over 

200 years to remove the high-consumption homes being occupied today.  With utility 

prices steadily rising, the need for a sustainable retrofit solution is no longer a good idea, 

but a necessity for the stabilization of energy consumption rates.  Building envelope 

improvements and energy conservation techniques have been a focus since the energy 

crisis of 1979, though it wasn’t until 2003 that the International Residential Code (IRC) 

was formally presented and adopted (9).  This study identifies energy consumption rates 

of a housing stock in every time period, but aims to specifically address retrofit solutions 

in residences pre-1979 which make up over 63% of the entire housing stock in the United 

States.    

2.2 Woodbine, Iowa 

 Woodbine is committed to Sustainable Design using natural and man-made 

resources efficiently to meet community needs while preserving its economy, culture, 
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society and environment for future generations. (17)  The green council of Woodbine is 

dedicated to a sustainable Woodbine through the following initiatives: 

 Wise selection of construction sites and materials 

 Preservation of existing building and systems 

 Working for a compact community utilizing energy and water efficiently 

 Enhancing a beautiful and prosperous community that visitors and 

residents will find appealing 

 The Iowa Department of Economic Development selected Woodbine as well as 

West Union, IA as a Pilot Green community or otherwise known as its Green Streets 

Initiative.  The IDED assisted the City of Woodbine in developing a sustainable master 

plan which included a large downtown revitalization and was also to include a 

sustainable plan for the residential community. (18)  Having successfully completed 

numerous projects including energy audits and retrofits of the business district, a 

community-wide recycling awareness project, implementing a student/community 

garden, and completing a 3 year Woodbine sustainability impact study, the City of 

Woodbine was ready for a residential implementation project.  With the commitment of 

the City of Woodbine leadership as well as the State of Iowa’s Department of Energy and 

Economic Development, Woodbine presented itself well for this study.  The “Woodbine 

Project” offered an opportunity to analyze an entire community rather than a sample set.  

With a tract record of implementation, future research and post retrofit analysis 

opportunities are available when Woodbine begins implementing a residential retrofit 

program. 
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2.3 Residential Energy Audits 

 Residential energy audit tools have been under development for over two decades 

in an attempt to identify opportunities for energy efficiency improvements (10) (24) (25).   

A review of the literature analyzing residential energy auditing strategy and software was 

limited, with a number of citations dating to the early 2000s and a comprehensive 

auditing tool review prepared for the Department of Energy by SENTECH, Inc. (now 

part of SRA International, Inc.) in November of 2010.   

 To date, the most relevant and applicable energy related software tool guide can 

be accessed through the DOE’s Energy Efficiency and Renewable Energy Building 

Technology Program (11).  The database lists major features of auditing software 

available and provides unbiased strengths and weaknesses of each testing tool.  The 

directory allows the user to sort usage preferences in regards to relevance of intended use, 

cost, input requirements, and a number of other applicable features. 

 From 2002 – 2004, the Lawrence Berkeley National Laboratory in Berkeley, CA 

analyzed multiple energy analysis tools focusing on residential capabilities.  The LBNL 

evaluated 65 programs - 50 of them being web-based and 15 disk-based packages (12).  

Mills determined that there were significant differences in all of the auditing tools.  Of 

the web-based tools, only twenty-one performed whole-house analyses and out of these, 

thirteen provided open-ended energy calculations, five permitted bill disaggregation and 

only three contained both functions.  Of the 15 disk-based packages, six performed 

whole-house analysis and three performed both open-ended energy calculations and bill 

disaggregation.  In their 2004 study, the wide inconsistency between all the auditing 
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programs suggested that a national standard or benchmark needed to be developed prior 

to implementing actual energy retrofit strategies (13). 

 A review of Paradis’s 2007 work was conducted in regards to a new software 

design for future programs (14).  It was that author’s opinion that while Paradis tool 

design has significance in the building industry, it is a much more applicable within the 

large commercial building performance sector and would be difficult to utilize in a 

residential setting. 

 Two relevant literary works with a focus on residential auditing accuracy were 

identified.  Hendron et al. specifically researched the accuracy of high performance 

homes for the DOE’s Building America Program.  They identified simulation tools that 

met the requirements of HERS BESTEST and the International Energy Conservation 

Code.  The study found significant differences based upon the energy software used.  As 

a result, Hendron et al. 2003 identified four features that all auditing software must 

comply with: 

 1. Clearly defined reference home 

2. Consistent set of operational assumptions that mimic realistic occupant     

behavior 

 3. Accurate predicted energy saving modeling 

4. Reporting process that communicates effectively where energy savings are 

being realized and to what magnitude (15). 

With the growing use of the HERS rating, or REMRATE software, Stein and Meir 

evaluated rating scores to actual billing data for 500 homes in four states.  Disappointing 

the authors showed that while HERS rating analysis could be used to predict large 
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population annual energy usage and cost, accuracy diminished significantly when 

analyzing individual homes to actual costs.  Even more disappointing was the accuracy of 

the HERS rating when analyzing older, pre-1979 homes (16).  Calibrating the HERS 

input with actual billing data showed no effect on the variance of the findings.   

 An attempt to evaluate home auditing software over the past decade by a variety 

of state energy offices have occurred.  The State University of New Jersey reviewed four 

audit tools: Home Energy Checkup, Home Energy Advisor, Home Energy Saver, and 

Home Analyzer.  These four programs were all web-based and focused on providing 

recommendations and education to homeowners (17).  Kim et al. provided an overview 

for the State of Texas’ energy office.  The study did not test accuracy and usability of 

auditing software, but provided a summary of characteristics to allow the Texas energy 

office to further analyze options as part of their decision support system (18).  A pilot 

study of 190 homes in the cities of Portland and Bend, Oregon were completed for the 

Energy Trust of Oregon.  The pilot compared four energy auditing software tools for 

accuracy.  Of the four tested -  REM/Rate, SIMPLE, and Home Energy Saver I and II, 

SIMPLE was found to perform the best, but none were found to be scientifically accurate 

(19).  Recommendations from the report suggest that future software developed should: 

 1. Be more accurate and require less time to input 

 2. Better prediction and reporting of actual energy usage 

 3. Standard normalized assumptions for base loads and plug loads. 

 4. Recommendations for energy improvements based on specific guidelines. 

In 2010, the Department of Energy took the initiative to identify a standardized 

national program to assess the energy performance of houses across the country.  The 
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report prepared by SENTECH, Inc. was found to be the most comprehensive literary 

review of current auditing tools.  Solicited by the DOE to examine the potential of a 

national residential energy program, SENTECH, Inc. provided a review of the variety 

and characteristics currently available that had potential national capability.  Focusing 

specifically on the accurate analysis of residential properties regardless of climate zone, 

energy source, style, and building design, the study focused on the following software: 

 REM/Rate 

 BEACON Home Energy Advisor 

 EnergyInsights 

 Home Energy Tune-uP 

 EnergyGauge 

 TREAT 

 National Energy Audit Tool (NEAT) 

 Home Energy Saver Professional 

 RealHomeAnalyzer 

The findings of the comprehensive review found that no one tool is capable of capturing 

all the characteristics needed for a national home performance assessment program (34).  

No current auditing software is able to be accurate, have low cost and reasonable inputs, 

and the ability to generate improvement recommendations and associated costs.  The 

audit tools as a whole to appear to address potential needs for a national program.  The 

review did provide the DOE assistance for future development of a national software 

strategy  (20).   
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2.4Utility Companies and Conservation 

 Utility providers threatened with unstable commodity supply pricing, peak 

demand overload, and a deteriorating grid system have looked at conservation as an 

avenue to stay competitive and provide the “green” image that customers are asking for.  

Historically, public utility providers have moved towards conservation faster than their 

private counterparts mostly due to direct citizen influences (36) (37). This project focused 

on the utility companies’ movement over the past two decades, the challenges of 

implementation, and privacy concerns of customer data. 

 Implementation of a renewable energy source such as wind or solar to an 

electrical grid system introduces challenges different from common energy sources.  

Unlike controllable sources such as nuclear or coal, wind and solar are both somewhat 

regulated by the natural environment in which we really on.  These surges of power or 

lack of power supply has been found to put stress on parts of the power grid that are 

deteriorating or at maximum capacity (21).  Three case studies are described in the 

following section that studied the impact of renewable energy, specifically wind energy, 

on the current power grid. 

 The Utility Wind Integration Group (UWIG) commissioned a study to evaluate 

the impact of wind generation on operating systems for one of its members, Northern 

States Power Co. in early 2000.  The primary objectives of the study were to identify and 

quantify operating costs on real time controls of wind generation facilities and to 

determine how uncertain wind generation forecasts affects future operating costs 

associated with scheduling against conventional generating units (22).  To further study 

actual impact cost, the authors established four operating scenarios: 
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 1. Cost of wind generation forecast inaccuracy for day-ahead scheduling 

 2. Cost of additional load-following reserves 

 3. Cost of intra-hour load-following energy component 

 4. Cost of additional regulation reserves 

From these scenarios, costs to accommodate wind into an existing electrical grid could be 

quantifiable ranging from $0.39 to $1.44 an MWh.  The wide range was concluded to 

affect wind penetration levels, generation mix, and energy transaction pricing. 

 PacifiCorp, a large utility provider in the northwest United States, analyzed the 

impact of renewable energy sources on their grid by focusing on two categories.  The first 

was the incremental reserve requirements of transitioning to the alternate energy source, 

and the second, the imbalance costs of using predominantly wind energy.   By separating 

the two cost impacts, PacifiCorp was able to identify the differences in dispatch costs and 

unit start-ups that are imposed by the variability of the wind resource (23).  PacifiCorp’s 

integration costs were found to be much higher at approximately $5.50/MWh; $3.00 of 

that being attributed to imbalance cost and $2.50 for incremental reserve costs. 

  The final case study reviewed regarding utility grid implementation of renewable 

energy was conducted by Hirst for the Bonneville Power Administration.  BPA is a 

federal agency operating in the Pacific Northwest under the US Department of Energy 

that runs 31 hydro dams, one nuclear plant, and one wind energy farm.  Similar to both 

PacifiCorp’s and Xcel’s case study, Hirst broke the integration cost impacts into three 

subsections. 

 Day-ahead unit commitment decisions concerning which units to turn on and 

when to do so. 
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 Intra-hour balancing to maintain the necessary balance between generation and 

load. 

 Regulation track changes in the minute-to-minute balance between generation 

and load. 

Hirst found the integration costs for the BPA operations to range from $1.37 to $2.17 per 

MWh. 

 All three case studies highlight the range of implementation challenges and cost 

differences in implementing large scale renewable energy sources into a utility 

company’s current business operations.  These specific challenges ultimately drive the 

decision makers when identifying when and at what level renewable energy sources 

become a viable sector of their business operation. 

2.5 Utility Data Analysis 

 At the forefront of residential efficiency analysis is the ability to accurately 

calculate current energy consumption and thus potential energy savings.  As the literature 

review has shown, baseline characteristic-driven software is inaccurate on an individual 

level, especially with concerns to pre-1979 single family residences (32).  The issue then 

becomes the ability to access actual consumption data from either the resident directly or, 

more conveniently, the utility provider.  This “smart” grid approach has been 

implemented in various regions across the country, with continuous resistance from 

customers who are concerned with individual privacy laws (41).   

 The U.S. Department of Energy has acknowledged that although the current 

electrical grid could be viewed as one of the greatest engineering achievements of the 

20
th

 century, it is increasingly out of date and overburdened (24).  As technologies have 
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advanced, the opportunity to utilize the current infrastructure by implementing “smart” 

systems has been seen as the most viable, economic solution.  As a complete package, a 

Smart Grid would possess the following capabilities (24): 

 Intelligence – capable of sensing system overloads and rerouting power to 

prevent or minimize a potential outage; of working autonomously when 

conditions require resolution faster than humans can respond and cooperatively in 

aligning the goals of utilities, consumers, and regulators 

 Efficiency – capable of meeting increased consumer demand without adding 

infrastructure 

 Accommodating – accepting energy from virtually any fuel source, including 

solar and wind, as easily and transparently as coal and natural gas; capable of 

integrating any and all better ideas and technologies – energy storage 

technologies, for example – as they are market-proven and ready to come online 

 Motivating – enabling real-time communication between the consumer and 

utility so consumers can tailor their energy consumption based on individual 

preferences, like price and/or environmental concerns 

 Opportunistic – creating new opportunities and markets by means of its ability to 

capitalize on plug-and-play innovation wherever and whenever appropriate 

 Quality-focused – capable of delivering the power quality necessary – free of 

sags, spikes, disturbances and interruptions – to power our increasingly digital 

economy and the data centers, computers, and electronics necessary to make it run 

 Resilient – increasingly resistant to attack and natural disasters as it becomes 

more decentralized and reinforced with Smart Grid security protocols 
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 “Green” – slowing the advance of global climate change and offering a genuine 

path toward significant environmental improvement.  

With this new smart grid movement, utility regulators play an important role in insuring 

the information privacy rights of individual consumers.  In 2000, the National 

Association of Regulatory Utility Commissioners’ passed a resolution urging all state 

commissions to adopt general privacy principles.  However, these adoptions of principles 

do not insure the consumer of the ever more prevalent information hackers across the 

globe  (25).    

2.6 Customer Perceptions toward Sustainability   

Knowledge of the United States’ impact on the global energy environment as well 

as a national education program in schools focusing on reduce, reuse, recycle programs 

has lead today’s utility customers to be more informed on their own environmental 

impact.  Couple this consumer savvy with a more competitive utility marketplace and the 

energy industry has been forced towards sustainability if for nothing else, customer 

loyalty and retention.  This section identifies past market research on customer 

perceptions of renewable sources, specifically the electric utility suppliers. 

Fahrar’s work in 1993 and 1996 identified a trend nationally of consumers’ 

preference for renewable energy as an electrical source.  On a national level, solar and 

wind were preferred by over 90% of respondents, while nuclear and coal were found to 

be the most unfavorable with over 60% strongly opposing the energy source (26).  

During the study, the respondents were separated as either residential or commercial 

users, 88% of customers’ still preferred new renewables as their main source of 

electricity (27).  Fahrar’s national study also showed customers favorability toward the 
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utility investing in renewable energy and that they focus on minimizing the negative 

environmental impact of electricity production.   

Two more recent local and regional studies were found in the Pacific Northwest 

and Colorado. (35) These studies confirm the survey data provided by Fahrar in regards 

to customer attitudes toward renewable energy use.  Ferguson’s work in the Pacific 

Northwest found a strong majority of consumers prefer renewable over conventional 

energy options, specifically wind and solar (28).  A 1998 poll conducted by Fahrar and 

Coburn in the state of Colorado confirmed that wind and solar are the most preferable 

energy source.  Both of the local studies found that consumers prefer wind and solar for 

more than just their environmental impacts.  Safety, economic benefits, self-reliance, and 

U.S. energy diversity all were seen as positives by those surveyed (29)  

Not only did the market research show that a majority of consumers preferred 

renewable forms of electric energy, but on a national scale were willing to pay more or 

forgo price decreases.  Farhar and Houston reported that 57% to 80% of national samples 

said they were willing to pay more for renewable electricity (30).  While the structure of 

the questions differed, Farhar and Coburn’s 1999 Colorado survey indicated 76% were 

willing to pay at minimum $1 per month for renewable and a survey conducted of four 

Midwestern states by Tarnai and Moore showed 72% of respondents were “very willing” 

or “somewhat willing” to pay more for renewables (31). 

The most comprehensive analysis of residential utility customer perceptions was 

completed by Farhar in 1999 for the U.S. Department of Energy.  Farhar combined the 

data from 14 national and regional surveys from 12 utility service territories to provide an 

overview of 20 years of movement towards sustainability.  Farhar summarized her 
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findings into five specific points for utility companies and the Department of Energy to 

review when analyzing future renewable programs (32): 

1.  Customers favor renewable sources of electricity but may know little about   

them.  Specifically wind and solar are the most favorable. 

2.  fifty-two to 95% of residential customers are willing to pay at least a modest 

amount for renewable sources of energy. 

3.  Willingness to pay follows a predictable pattern with an average majority of 

70% willing to pay  at least $5 per month more for electricity from renewable 

sources, 38% willing to pay at least $10 per month more, and 21% willing to 

pay at least $15 per month more.   

4.  A limited amount of data suggests that customers may be even more likely to 

pay more for electricity from renewable sources in a competitive market 

setting.   

5.  Customers may favor and remain loyal to utilities that provide power from 

renewable sources. 

2.7 Blower Door Usage on Building Envelopes 

 The blower door is a diagnostic tool designed to measure the airtightness of 

buildings and to help locate air leakage in the building envelope (42).  Historically, 

building airtightness measurements have been used for a variety of purposes that have 

included: 

 Documenting the construction airtightness of buildings. 

 Estimating natural infiltration rates in houses. 

 Measuring and documenting the effectiveness of air sealing activities. 
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 Measuring duct leakage in forced air distribution systems. 

 The blower door consists of a powerful, calibrated fan that is temporarily sealed 

into an exterior doorway.  The fan blows air into or out of the building to create a slight 

pressure difference between inside and outside.  This pressure difference forces air 

through all holes and penetrations in the exterior envelope.  By simultaneously measuring 

the air flow through the fan and its effect on the air pressure in the building, the blower 

door system measures airtightness of the entire building envelope.  The tighter the 

building, the less air you need from the blower door fan to create a change in building 

pressure (42). 

 It takes about 20 minutes to set-up a blower door, conduct a test, and document 

the airtightness of a building (42).  In addition to assessing the overall airtightness level 

of the building envelope, the blower door can be used to estimate the amount of leakage 

between the conditioned spaces of the building and attached structural components such 

as garages, attics, and crawlspaces.  It can also be used to estimate the amount of outside 

leakage in forced air duct systems.  And because the blower door forces air through all 

holes and penetrations that are connected to outside, these problem spots are easier to 

find especially when accompanied with chemical smoke or infrared cameras.  The 

airtightness measurement can also help you assess the potential for back drafting of 

natural draft combustion appliances by exhaust fans and other mechanical devices, and 

help determine the need for mechanical ventilation in the house (42). 

 Commissioned by the Department of Energy through the Building America 

program, the Building Science Corporation set out to develop critical parameters when 

testing residential housing performance.  Based in Massachusetts, the Building Science 
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Corporation is a leader in building envelope testing and protocol.  The Building Science 

Corp developed what is called “SNAPSHOT”, standing for Short, Non-destructive 

Approach to Provide Significant House Operation Thresholds (44).  The technique 

developed establishes a set of critical parameters that every home must go through to test 

things such as the indoor environment, thermal comfort, air delivery and distribution 

systems, as well as their interaction with the building envelope.  This data collected is 

then to be used to interact with auditing software such as REM or DOE-2 (44).  The most 

significant part of the entire data collection as described by the Building Science Corp. is 

the building envelope leakage using a blower door test.  The standard measurement 

should follow strict parameters outlined by: 

 Blower Door Location (front door, garage door, etc.) 

 Total CFM 50 (cubic feet per minute at 50 Pa) 

 Add C & n values if available on multipoint test: provided in results of TECTite 

computerized blower door test; adds further information about leakage 

characteristics, and is statistically better data due to multipoint testing. 

 If there is a conditioned space that is typically sealed from the main space (i.e., 

sealed conditioned attic, sealed conditioned crawl space, conditioned knee wall 

sections), please run the test with the access to that space open.  It provides 

information on how well sealed the total conditioned space is.  This is the number 

that should be reported for pass/fail criteria. (44) 

 The State of Massachusetts has established itself as a leader in large scale 

community retrofits with the use of blower door technology.  Over a three year period, 

approximately 17,000 homes will have been weatherized (45).  With an initial funding 



33 
 

boost of $86 million from Recovery Act money, the state has armed 35 energy auditors 

and over 140 weatherization workers with blower doors, increasing the efficiency and 

cutting costs of every single retrofit (45).  Similar stories of using the blower door to 

identify building envelope improvements and stream lining retrofits can be found in 

Maryland, Kansas, and Oregon.  
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CHAPTER III 

METHODOLOGY 

 

 The methodology chosen for the research project was developed from past 

research projects in similar fields as outlined in the proceeding chapter.  Careful 

consideration of specific scientific community standards was taken when establishing the 

research methodology in both the quantitative and qualitative studies.   

3.1 Introduction 

There are two types of research methodology: qualitative and quantitative.  This 

research project used both qualitative and quantitative methodologies, and then employed 

analytical techniques and processes to review the data.  Standardized testing procedures 

were used and documented whenever possible in an effort to normalize this project to 

previous and future residential sustainability projects. 

3.2 Context and Access 

The Woodbine project serves a variety of beneficiaries from individual 

homeowners and utility companies to the building science community looking to expand 

the database of residential retrofit analysis projects.  Understanding the different desires 

and end users, the project researcher took careful consideration in the language and 

approach taken throughout the project.  The importance of expanding this research 

project beyond the assessor and utility data analysis of this single community remained 

the foremost focus when developing and implementing the approach methodology for 

both the quantitative data analysis and the qualitative homeowner survey administered.  
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The end goal of the project was to develop a systematic approach to analyze and compare 

communities among the Midwest and in varying climate zones.   

 For a feasible community assessment in regards to both financial and resource 

allocation, access to accurate data was crucial.  Property assessor data, as public 

information, was available through an online accessible data base.  A majority of other 

municipal and county assessor offices either have or are currently in the process of 

converting individual property data online.  The providing utility company became a 

willing participant in the research project.  This provided access individual historical 

utility data.  Woodbine Municipal Utility provides electricity, natural gas and water to its 

customers.  This made communication and data access a smoother process than what 

could possibly be expected in differing communities.  It should be noted that future 

researchers may find difficulty in accessing mass historical utility data due to differing 

state privacy laws and private utility providers’ unwillingness to participate.  

3.3 Participants: Number, Relevant Demographics, Sampling Methods 

 When researching residential utility usage, homeowner habits can differ 

significantly and, while as a scientific community does not know to what extent 

homeowner habits and family demographics affect utility usage, it is widely accepted that 

understanding residential demographics plays a vital role.  While the residents of 

Woodbine, IA are similar to that of other Midwestern communities, each community will 

have its own set of habitual and community effects.  The following describes the City of 

Woodbine demographics in detail.   
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3.3.1 City of Woodbine, IA Demographics 

The City of Woodbine is similar to many small Midwestern communities.  With a 

population of 1,564, the community is sustained by both agriculture and manufacturing.  

Woodbine is one of the few communities in the area that still has its own school district.  

The demographic information in Table 3.1 was provided by the online database provided 

by city-data.com.  

TABLE 3.1: Woodbine, IA Demographic Information 

 Population: 1,564 

 Households: 647 

 Population Density: 1,381.1 per square mile 

 Racial makeup: 98.34% White; 0.70% 

Hispanic; 0.06% African American 

 Median Age: 41 years 

 Median Income per Household: $30,083 

 Population below the poverty line: 10.4% 

 Owner occupied homes: 70% 

 Renter occupied homes: 28% 

 Median house value: $108,833 

It is important to understand the specific housing characteristics of Woodbine, IA.  

The age of the home is typical in the Midwest and the data provided by the U.S. Housing 

Census. 
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TABLE 3.2: Woodbine, IA Residential New Housing Information 

 2005 or later: 5 

 2000 to 2004: 49 

 1990 to 1999: 136 

 1980 to 1989: 42 

 1970 to 1979: 170 

 1960 to 1969: 68 

 1950 to 1959: 81 

 1940 to 1949: 81 

 1939 or earlier: 477 

3.3.2 Research Participants 

 The research participants for this specific project included every single family 

residential unit within the Woodbine city limits.  Every household included in the 

Woodbine Municipal Utility database was eligible for initial review and participation.  

All participants were given the opportunity to opt out of the research project during all 

phases.   

3.3.3 Sampling Methods 

3.3.3.1 BTU/SqFt/DD Participants 

 The size of the community of Woodbine allowed for a census study of every 

residential household for the initial BTU/SqFt/DD analysis.  A census study typically 

provides the most accurate portrayal of a population analysis.   
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3.3.3.2 Homeowner Survey Participants 

 Every household that met the 36 months of continuous utility usage between the 

dates of January 2008 to December 2010 received an “Energy Use in Rural America” 

survey.  The total participation of the survey included 480 residential households. 

3.3.3.3 Selection of On-Site Analysis Participants 

 To choose the on-site analysis participants, a systematic sampling from the overall 

population list was used. After the required sample size was calculated, every Nth record 

was selected from the list of population members.  To determine the Nth number, the 

researcher placed individual pieces of paper in a bowl numbered from 1-48.  The 

numbers were mixed and then a random number was drawn from the bowl.  The number 

16 was randomly chosen as the Nth number for on-site selection.  

3.4 Procedure 

 Every effort was made during the planning of the processes and procedures used 

in this research project to allow for future analysis not only for Woodbine, IA but also for 

similar communities in the Midwest and possibly across the United States.  Because of 

this forward thinking approach, data gathered specifically from the property assessor and 

energy perceptions survey may seem irrelevant for the current research project, but holds 

invaluable information for future analyses. 

3.4.1 BTU/SqFt/DD Calculations 

 Converting the electrical kilowatt hours and natural gas ccfs into BTUs required 

selecting a conversion factor to be used.  It was determined that to maintain consistency, 

the identical conversion rates used by the Department of Energy would be used for this 
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study.  The following sections describe in detail the development of the completed 

calculation spreadsheet.  

3.4.1.1 Assessor Data Collection 

Harrison County, IA, much like many counties across the country, has converted 

the public county tax assessor information to be accessible online.  Specifically, Harrison 

County, IA uses a web program known as beacon developed by The Schneider 

Corporation.  Beacon is a government GIS program created specifically to provide public 

property assessor information and is widely used throughout the Midwest.  The appendix 

contains a screen shot showing an example of the data provided on the beacon website.  

Chosen in the example is a randomly selected residential home in Harrison County, IA.  

Specific housing characteristics were extrapolated for each of the homes to be used on the 

BTU/SqFt/DD calculation spreadsheet.  Notably useful are the real property images and 

footprint layouts provided by the beacon site.  These photos allowed a much more visual 

picture of lot layout, roof pitch, topography, and shading challenges some properties may 

face.  

3.4.1.2 Historical Utility Data Collection 

Access to actual historical utility data information required direct assistance from 

Woodbine Municipal Utilities.  As a “pilot” green community, as recognized by the State 

of Iowa Department of Energy, the Woodbine Municipal Utility consisting of 643 

residential meters granted access to three full years of historical data.  The data provided, 

in Microsoft excel format, was in three separate parts: electrical kilowatt usage, natural 

gas CCF usage, and water gallon usage.  Each database was individually cleaned to 

remove properties that did not show 36 months of continuous usage for the dates January 
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2008 through December 2010.  This cleaning of all three databases resulted in a final 

participation database of 480 residential properties.  This monthly consumption data for 

each of Woodbine’s residences allowed for the actual usage to be analyzed with the 

square footage to normalize consumption data and housing characteristics.   

3.4.1.3 Historical Weather Data Collection 

The residential properties could be compared to each other by calculating the 

BTU’s per square footage obtained by the previously mentioned data collections.  For 

future widespread comparison of communities, it is important to consider weather effects 

concerning energy consumption.  To allow for the possibility of future research and 

comparisons, degree days for each of the 36 months were obtained from the national 

weather database.  These degree days were used to further examine each individual 

home.  What resulted was a final number for each individual home identifying its BTU’s 

per square foot per degree day (BTU/SqFt/DD).  This weather adjustment allows for a 

residence in Woodbine, IA to be more accurately compared to a residence in Kansas City, 

MO or Chicago, IL, for example.  

3.4.2 Homeowner Perceptions Survey 

 The procedural approach for the homeowner perception survey was developed to 

be cost effective and result in a rate of return that would be scientifically significant to 

compare with the historical utility usage of the property.  The intent of the survey was to 

gage overall community perspective in regards to sustainability and residential energy 

use and also to compare specific perceptions with actual historical usage.  To notify the 

community of a pending survey and increase the return rate, an advertisement was placed 

in the local weekly newspaper, the Woodbine Twiner.  The Woodbine Twiner is published 
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every Wednesday and is widely read by the community.  The appendix contains all 

published documents pertaining to the survey. 

With assistance from Woodbine Municipal Utility, a 20-question survey was sent 

via UPS along with the May monthly utility bill to the 480 residents who met the 36-

month utility usage requirement.  Placing the survey with the utility bill not only cut 

postage cost for the researcher, but also helped increase participation by the survey being 

received by a known, trusted entity of the community.  Prior to printing and distributing 

the consent form and survey, the research team completed all Internal Review Board 

requirements of the University of Nebraska to insure no identifiable discriminatory or 

ethical issues would arise.  Careful consideration in regards to question verbiage and 

survey design was scrutinized with the understanding that given the demographics of the 

Woodbine community, many of the survey recipients would be elderly or had completed 

their education at the high school level.   

3.4.3 On-Site Analysis 

The purpose of the on-site inspection was twofold.  The year built, style of home, 

and size all play a critical role in identifying correlations amongst property characteristics 

and energy consumption.  The on-site analysis provided a verification procedure of the 

data.  The analysis also allowed for further detailed data collection, specifically blower 

door performance and time period construction practices.  Once the homes for the on-site 

analyses were identified using the systematic sampling procedure described previously, 

homeowners were sent a letter to allow them the opportunity to participate.  Homeowners 

were given the option to participate and were allowed to schedule an appointment that 
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worked for their schedule.  The appendix contains an example of the letter that was sent 

to the chosen residents one month prior to scheduling.    

For the on-site analyses, a systematic approach including a checklist/spreadsheet 

was designed to insure consistency from home to home.  The on-site analysis began with 

introductions to the homeowner and a brief description of what would be included during 

the analysis and what they could expect in regards to analysis information and 

recommendations.  A blower door test was performed on each property, so all 

combustible appliances were shut down to prevent possible back drafting during the 

pressurization of the home.  The homeowners were asked questions regarding the 

comfort level they perceived in their home.  Leaky windows, cold walls, and drafty spots 

were given extra attention during the analysis.  Every home was approached the same, 

beginning in the basement and working to the top floor.  Each floor was examined 

clockwise to establish a systematic data collection approach. 

3.5 Instrumentation 

When developing the data analysis portion of the study, it was important to 

consider the future usefulness, not only for the community of Woodbine, but also on a 

larger, more broad-based scale.  A detailed spreadsheet was developed to allow the 

gathering of pertinent future use information and in a format that could be 

duplicated/useful to other researchers across the United States. 

3.5.1 BTU/SqFt/DD 

 The following figure contains the spreadsheet that was used for each of the 480 

homes identified as having 36 months of continuous utility usage for the dates January 

2008 to December 2010.  The spreadsheet created in Microsoft excel analyzed each of 
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the 36 months individually by converting the electricity and natural gas usage into 

BTU’s.  The total BTU’s were then divided by the square footage of the property 

provided by the online property assessor database, and finally divided by the total degree 

days for the given month.  What resulted was a single number for each home identifying 

the BTU/SqFt/DD for the total 36 month period.  Once each of the 480 residential 

properties had been labeled with an individual BTU/SqFt/DD, a ranking from 1 to 480 

was developed for data analysis.  Due to individual privacy concerns, all 480 homes are 

not provided in the appendix, but the complete ranking list is available with property 

addresses replaced with researcher developed account numbers. 
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FIGURE 3.1: BTU/SqFt/DD Spreadsheet Example 
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3.5.2 Homeowner Perceptions Survey 

 The survey and consent form were designed specifically for this research project 

by the individual researcher.  The consent form and survey were approved by the 

University of Nebraska Internal Review Board.  Both forms were delivered along with 

the May monthly utility bill and returned either with the payment or in person to the 

Woodbine Municipal Utility office.  The office was given a lockbox provided by the 

researcher for the completed surveys to be placed in.  For privacy reasons, the researcher 

was the only person allowed to see the completed surveys. 

3.5.3 On-Site Analysis 

The data collection spreadsheet that was utilized during the on-site visit can be 

found in the following figure.  Of most importance on the spreadsheet are the volumes of 

air and blower door readings that assess the air exchanges per hour of each home.   Also 

identified by this data collection spreadsheet were habitual practices, specifically 

conditioned air temperature settings. 
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FIGURE 3.2: On-Site Analysis Checklist 

 

1 OCCUP ANCY  NUM BE R NOTES:

2 HOUS E  V OLUM E  

8 FURNACE  and AC

Outside A/C Unit Quality *

0 3 10

10 H 2 O Heater

5 E NV E LOP E

11 BAS E M E NT

Sill Insulation Required?  *

Linear feet, caulk and batts

Man-Hours Required (Number)

 

Install Media Smart Strip?              #:

Install Computer Smart Strip?        #:

7 T HE RM OS T AT S

Average Summer F° 

Property Address:  

Date of Audit:                           Time:                                 Temperature:                             Climate:

Single-Glazed W indows (#)

Ceiling Height 1st

Primary Thermostat Quality *

Location *  

Ceiling Height 2nd

Cooling Tons

Special Bulbs 

Filter size (L x W  x Thickness)

Eff iciency Rating *

Uninsulated Ducts (LF)

Access *

R-Value (Current)

Penetrations *

4 AT T IC

Type / Fuel

Age (Years)

Total # of Recessed Lighting

Man Hours Required

BTUh Output

Ceiling Height Finished Basement

Location *  

Second T-Stat Quality *

Total # of Bulbs to replace

3 LIGHT  BULBS  

Total # of Bulbs

 Average W inter F°

Man Hours Required

Man Hours Required

W indows (Total #)

Radiant Barrier Needed (Sq Ft)

Replace * 

Additional Cellulose Needed (Inches)

Insulation ft2 required

Man Hours Required

Finished Basement Ft² 

W indows & Doors (Ft²)

Total Area to be Insulated

Type of W all Insulation, if  existing

Crawlspace Insulation Required?  *

Man hours required

Linear Feet, Perimeter

Uninsulated Attic (LF of ducts)

W indow Quality * 

Approx. W indow Area (Ft² Each)

Gallons

Replace

Insulate 6' of pipe 

9 DUCT W ORK

Type (Fuel)  *

BTUh (Omit Commas)

Doors (Total #)

Storm Doors Needed (#)

Approx. Door  Area (Ft² Each)

Basic Construction * 

Existing W all Insulation *

AC50 (After)

Cavity Depth

13 AP P LIANCE S

Linear Ft of W alls for Foam

Height of W alls

Foam Required (Ft²)

Square Feet, Crawl Area (L x W )

Volume

Man-Hours Required (Number)

Height of crawl to f loor 

6 Mil Poly to Cover Floor

Door Used Dryer (Fuel)  * 

Range (Fuel)  * 

W asher (Year Installed)  *

Freezer (Year Installed)  *

Extra Appliance *

Refrigerator (Year Installed)

Leakage (Ft²)

Estimated CFM After (Avg. = 2500)

Siding * 

6 BLOW E R DOOR

AC50 (Air Change @ 50)

Measured CFM( Avg.= 4000)
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3.5.3.1 Blower Door Use 

 Focusing intently on replication of process, this research used the blower door 

methodology outlined by the Building Science Corp as well as the Minneapolis Blower 

Door manufacturer and blower door provider.  The Energy Conservatory standards were 

comprised to conform to the Canadian General Standards Board standard CGSB-149.10-

M86 as well as the American Society for Testing and Materials (ASTM) standard E779-

87.   Prior to installing and operating the blower door, the researcher was trained by a 

professional energy auditor on the safety and requirements of the Model 3 Minneapolis 

Blower Door used for this project.  Specifically, the following steps were taken on every 

property measurement to insure accuracy and safety of the property and researcher. 

 Close all storm and prime windows 

 Close all exterior doors and interior attic or crawlspace hatches which are 

connected to conditioned spaces. 

 Open all interior doors to rooms that are conditioned. 

 Adjust all combustion appliances so they do not turn on during the test. 

 Be sure that fires in fireplaces and woodstoves are completely out.  Take 

precautions to prevent ashes from being sucked into the building during the test. 

 Turn off all exhaust fans, vented dryers, air conditioners, ventilation system fans 

and air handler fans. 

 Blower door location priority was front door, back door, and if necessary garage 

door. 

 Measurements were tested using DG-700 One-Point test @ 50 CFM 

 



48 
 

3.6 Data Analysis 

3.6.1 BTU/SqFt/DD 

 The following data analysis techniques were used to explain the calculations 

contained in the initial BTU/SqFt/DD spreadsheet as well as the methods for analyzing 

correlations regarding housing characteristics/demographics and energy usage. 

3.6.1.1 BTU/SqFt/DD Spreadsheet 

 A British Thermal Unit, or BTU, is the most widely used form of measuring an 

energy source.  Energy can be provided by a variety of sources, so the conversion of said 

given source to a BTU allows researchers to compare differing sources commonly.  The 

energy sources for the Woodbine project were provided in kilowatts for electricity and 

CCF’s for natural gas.  

 The conversion for kilowatts to BTU’s used was: 

  1 kWh = 3,412 BTU 

 The conversion for CCFs to BTU’s used was: 

  1 CCF = 102,700 BTU 

3.6.1.2 BTU/SqFt/DD and Assessor Data Correlations 

 A dataset consisting of 480 cases was used for the analysis. The main statistical 

tool used is multiple regression analysis, together with the stepwise regression in case 

that some variables did not contribute significantly to the model and needed to be 

removed. The variables that were included as possible predictors are: 

 Assessed Value 

 Style 

 Condition 
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 Year Built 

 The variables were chosen based on their identifiable distinctions within the 

Beacon Assessor Data as well as their influence to effect household energy consumption. 

All these variables are coded as categorical variables, but assessed value and year built 

are interval variables in nature. Year built essentially corresponds to the number of 

(integer) decades since 1900, and Assessed value is the floor number of tens of thousands 

of dollars. The variables Condition and Style are categorical in nature, and they require to 

be dealt with using dummy variables. Condition has 6 categories, so 5 dummy variables 

were used (Very Poor, Poor, Average, Good, and Very Good) where Excellent was the 

baseline. On the other hand, Style has 6 categories, so 5 dummy variables will be used 

(Single Story, OnePointFiveStory, Two-story, Split-Level, and Mobile Home) where 

Other is used as the baseline.  The formula to predict variable influence on energy 

consumption the multiple regression model is defined below.  Where y is the average 

BTU/SQFT/DD and x is the identifiable variables chosen.  The residual Ɛi is assumed to 

be a normal random variable with mean zero and variance σ
2
. 

yi = a1xi1 + a2 xi2 +a3xi3 + … anxin + Ɛi 

3.6.2 Homeowner Perceptions Survey 

 The residents’ energy perceptions survey was developed not only for this research 

project, but for future research projects as well as for a glimpse of overall community 

perceptions.  For this specific project, the questions used for individual usage 

comparisons of interest were: 

 Question 10: How much do you feel your living habits contribute to your overall 

utility cost? 
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 Question 11: Have you done anything in the past 12 months to make it more 

energy efficient? 

 Question 14: Have you changed your habits (turning down the thermostat, using 

less water, opening windows, etc.) in the past 12 months to help lower your utility 

bills? 

 To compare the results of these questions to the overall ranking list provided by 

the BTU/SqFt/DD analysis, the survey results for 92 return participants were coded as 

positive or negative.  For question 10, participants were given 4 responses: “a lot, some, a 

little, none”.  Responses A lot and Some were coded as positive, responses A little and 

None were coded as negative.  For questions 11 and 14, respondents were given a choice 

of either Yes or No.  For this research comparison, “Yes” was coded as positive, and 

“No” was coded as negative.  A multiple regression correlation analysis was run to 

determine the effects of homeowner habits and actual energy usage. 

3.6.3 On-Site Analysis 

 A majority of the data collected during the on-site inspection was to verify the 

data previously collected by the assessor’s data base.  To analyze the blower door 

readings and overall home energy use a linear regression analysis was used.  To assist the 

property resident in identifying their energy use and possible improvements a written 

report was provided by the researcher.  As part of the written report, the air exchanges per 

hour were explained.  The air exchanges per hour for home was calculated using the 

blower door reading along with the following: 
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FIGURE 3.3: Air Change per Hour at 50 Pascals (ACH50) Formula: 

 

                       CFM50 x 60 

                                         ACH50 =       ----------------------------- 

                      Building Volume (cubic feet) 
 

 

3.7 Ethical Considerations 

 Careful consideration was given in regards to the ethical and accurate findings of 

this research.  While acknowledged by the University Internal Review board as a “low 

ethical risk”, the researcher acknowledges the small but possible conflict of interest of 

this project.  Having been a resident of Woodbine prior to the year 2000, there was the 

possibility of survey results carrying with them a weighted positive view of homeowner 

energy perceptions.  It should be noted that all of the on-site audits were performed on 

properties in which the researcher had no relationship or familiarity with.  It is the 

researcher’s opinion that the slight conflict of interest did not influence the scientific 

results of the research project.  Other than the survey data collected, all other data is 

considered hard scientific data that is void of any opinion or relationship influences. 
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CHAPTER IV 

RESULTS AND RESEARCH FINDINGS 

  

4.1 Intent of Data Analysis 

 The purpose of this project was to construct of a quantitative model to estimate 

energy consumption, measured in BTU/SQFT/DD.  Various predictors were used as 

possible drivers of the variation in energy consumption, based on a dataset containing 

480 valid cases. 

4.1.1 BTU/SqFt/DD Analysis 

 The intent of the BTU/SqFt/DD analysis was to establish a ranking system of 

actual historical energy consumption to compare to residence characteristics.  The 

overlying issue to be addressed was to identify any characteristic similarities that led to 

overall energy consumption patterns.  There was a 0% dropout rate for the initial 

BTU/SqFt/DD analysis or otherwise stated, of all of the qualifying participants, no 

property owner refused to have their home analyzed. 

4.1.2 Homeowner Perceptions Survey 

 Understanding that homeowner habits play an important role in energy 

consumption, the perception survey looked to address direct opinions of positive or 

negative habits and actual historical energy consumption.  Phase II of the Woodbine 

Project continues the scientific community’s research on residential habits and sustained 

energy conservation.  This research project had a 20% return rate of surveys making the 

results scientifically valid.  
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4.1.3 On-Site Analysis 

 As stated previously, the on-site analysis provided an opportunity for verification 

of property assessor data.  The specific data analysis for the on-site analysis focused 

directly on the building envelope and calculating specific home’s air exchanges per hour.  

The research objective addressed during this analysis phase strived to determine a direct 

link or correlation between building envelope performance and overall energy 

consumption.  The opportunity for an on-site analysis was refused by 17% of selected 

participants. 

4.2 Data Inputs and Tables 

4.2.1 BTU/SqFt/DD Ranking 

 The individual BTU/SqFt/DD spreadsheet for each of the 480 residences resulted 

in a completed list of energy consumers rated from best to worst.  The median 

BTU/SqFt/DD number for the community of Woodbine was a rating of 21.75.  The 

completed table shown in the appendix includes the individual home characteristics 

acquired by the assessor online database.  

4.2.1.1 Correlation Analysis 

 In the following paragraphs the results of a multiple regression analysis are 

presented, starting with an attempt of using the full model, and then using stepwise 

regression to drop the redundant variables.  The statistical analysis tool SPSS was used 

for all data input calculations. 

 First, the following correlation matrix and scatterplot of energy consumption and 

the two interval predictors Assessed Value and Year: 
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Figure 4.1 Scatterplot of Assessed Value and Year Built 

 

Based on the scatterplot, a rather weak association exists between the variables. The 

effect size of the association is rather low. 

The following correlation matrix is obtained: 

Figure 4.2 Correlation Matrix of Variables 
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The correlation between energy consumption and both Assess Value and Year Built is 

significant and negative, as it was also observed in the scatterplot, the strength of the 

association is quite weak. 

4.2.1.2 Multiple Regression Analysis 

 

The following multiple regression results were obtained:  

 

Figure 4.3 Multiple Regression Analysis Calculations 

 

 
 

Based on the model obtained above, the linear regression model is significant overall, 

F(12, 467) = 4.520, p < .001. But in spite of the fact that the model is significant, it 
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explains only 8.1% of the variation in Energy Consumption.  Observe that several 

predictors are not individually significant, which suggests that some predictors are not 

useful for the model. The next step was to perform a stepwise regression. 
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4.2.1.3 Stepwise Regression Analysis 

 

The following stepwise regression results are obtained:  

 

Figure 4.4 Stepwise Regression Analysis Calculations 
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The best test model obtained includes only the following predictors: Assessed Value, 

Split Level, Single Story and Year Built. This model is significant overall, F(4, 475) = 

13.049, p < .001, and it explains 9.1% of the variation in Energy Consumption.  

The model is  

 

Energy Consumption = 23.257 – 0.406*Assessed Value + 11.993*Split Level + 

3.414*Single Story – 0.298*Year Built 

 

 This model indicates that the variable Condition has no significant effect on 

energy consumption. In terms of the variable Style, only Split level and Single Story 

differ significantly from the baseline (Other).  For an extra $10,000 of assessed value, the 

energy consumption decreases by 0.406 units on average. For extra 10 years of age, the 

energy consumption decreases 0.298 on average. Split level properties have a mean 

energy consumption that is 11.993 units higher than that of Other properties. Also, Single 

Stories properties have a mean energy consumption that is 3.414 units higher than that of 

Other properties. 
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4.2.1.4 Residuals Analysis 

 

The following residual plots were obtained: 

 

Figure 4.5 Histogram of Residuals 

 

 

The histogram of residuals shows that the distribution appears to the relatively right-

skewed.  

 

 
 

The normality test shows that the normality assumption is violated, p < .001. 
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Figure 4.6 Scatterplot of Variables 

 

The plot above shows a clear “fanning-out” pattern, which indicates a clear 

heteroskedasticity problem.  Based on the residual plots, some transformations could be 

attempted to satisfy the regression assumptions, but are not necessary for this research 

project. 

4.2.2 Homeowner Perceptions Survey Results 

 92 of 480 administered surveys were completed in full given a return rate of just 

under 20%.  The completed surveys were a representative sample of the population and 

provided results that meet the required margin of error, confidence level, and statistical 

power.  The statistical calculations used the following:  

 margin of error: 5% 
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 Confidence level: 95% 

 Response distribution: 50% 

 Power level: .8 

The sample size or return of completed surveys for a statistically valid analysis resulted 

in n = 82.  To assist in visually understanding the survey results, pie charts were prepared 

for each of the 20 questions on the survey.  

 While the survey provided overall information in regards to homeowner and 

community perceptions of the movement towards sustainability and renewable energy 

usage, questions 10 and 14 were specifically designed to investigate the effects of 

positive or negative homeowner perceptions on actual energy use.   

4.2.2.1 Question 10: How much do you feel your living habits contribute to your 

overall utility costs?  

 Of the 92 completed surveys, 64 of those had a positive response indicating either 

“A lot” or “Some” in regards to Question 10. Of those 64 analyzed, 48 (or 75%) of the 

respondents had an actual BTU/SqFt/DD that fell in the lower 50% of the entire 

Woodbine community. The results from question 10 indicate that recognizing living 

habits on overall utility costs has an influence on sustainable lower energy usage over a 3 

year period. 

Solution: The following table shows the corresponding contingency table:  

 

0bserved 
Positive 

Response 
Negative 

Response 
Total 

Lower 50% 48 9 57 

Upper 50% 16 19 35 

    

Total 64 28 92 
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The following null and alternative hypotheses were tested: 

 

 
0 : Response to Q10 and Energy usage are independent

: Response to Q10 and Energy usage are NOT independentA

H

H
 

 

From the table above the expected values were computed. 

 

Expected 
Positive 

Response 
Negative 

Response 

Lower 50% 39.6522 17.3478 

Upper 50% 24.3478 10.6522 

   

 

The way those expected frequencies are calculated is shown below: 
 

1 1 1 2 2 1
1,1 1,2 2,1

57 64 57 28 35 64
39.6522, 17.3478, 24.3478

92 92 92

R C R C R C
E E E

T T T

    
        

 

  

 2 2
2,2

35 28
, 10.6522

92

R C
E

T

 
    

 

Finally, the formula
 

2
O E

E


 was used to get: 

 

(fo - fe)²/fe 
Positive 

Response 
Negative 

Response 

Lower 50% 1.7574 4.017 

Upper 50% 2.8621 6.542 

   

 

The calculations required are shown below: 

 
 

       
2 2 2 2

48 39.6522 9 17.3478 16 24.3478 19 10.6522
1.7574, 4.017, 2.8621, 6.542

39.6522 17.3478 24.3478 10.6522

   
   

 

  

Hence, the value of Chi-Square statistics is  

 

 
 

2

2 1.7574 4.017 2.8621 6.542 15.179
ij ij

ij

O E

E



       
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The critical Chi-Square value for 0.05   and    2 1 2 1 1     degrees of freedom is

2 3.841C  . Since
 

2

2 15.179
ij ij

ij

O E

E



   > 2 3.841C  , then the null hypothesis is 

rejected, which means that there is enough evidence to reject the null hypothesis of 

independence.  

4.2.2.2 Question 14: Have you changed your habits in the past 12 months to help 

lower your utility bills?  

 Of the 92 completed surveys, 57 respondents recognized some habitual changes to 

help lower their utility bills. Of the 57 positive responses, 41 (or 72%) had an actual 

BTU/SqFt/DD that fell in the lower 50% of the entire Woodbine community. The results 

from question 14 would also indicate that consciously thinking about positive energy 

habits has a positive effect on lowering energy consumption.  

Solution: The following table shows the corresponding contingency table:  

 

0bserved 
Positive 

Response 
Negative 

Response 
Total 

Lower 50% 41 14 55 

Upper 50% 16 21 37 

    

Total 57 35 92 
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The following null and alternative hypotheses were tested: 

 

 
0 : Response to Q14 and Energy usage are independent

: Response to Q14 and Energy usage are NOT independentA

H

H
 

 

From the table above the expected values were computed: 

 

Expected 
Positive 

Response 
Negative 

Response 

Lower 50% 34.0761 20.9239 

Upper 50% 22.9239 14.0761 

   

 

The way those expected frequencies are calculated is shown below: 

 

 1 1 1 2 2 1
1,1 1,2 2,1

55 57 55 35 37 57
34.0761, 20.9239, 22.9239

92 92 92

R C R C R C
E E E

T T T

    
          

  

 2 2
2,2

37 35
, 14.0761

92

R C
E

T

 
    

 

Finally, the formula
 

2
O E

E


 was used to get: 

 

(fo - fe)²/fe 
Positive 

Response 
Negative 

Response 

Lower 50% 1.4069 2.2912 

Upper 50% 2.0913 3.4058 

   

 

The calculations required are shown below: 

 

 
     

2 2 2
41 34.0761 14 20.9239 16 22.9239

1.4069, 2.2912, 2.0913
34.0761 20.9239 22.9239

  
    

  

 
 

2
21 14.0761

, 3.4058
14.0761


  

 

Hence, the value of Chi-Square statistics is  

 

 
 

2

2 1.4069 2.2912 2.0913 3.4058 9.195
ij ij

ij

O E

E



       
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The critical Chi-Square value for 0.05   and    2 1 2 1 1     degrees of freedom is

2 3.841C  . Since 
 

2

2 9.195
ij ij

ij

O E

E



    > 2 3.841C  , then the null hypothesis is 

rejected, which means that there is enough evidence to reject the null hypothesis of 

independence. 

4.2.2.3 Positive responses to both Question 10 and Question 14  

 Of the 92 completed surveys, 40 surveys indicated positive responses for both 

questions 10 as well as question 14. Of the 40, 28 of were identified in the lower 

BTU/SqFt/DD of the entire Woodbine community. With the 70% finding, all indicators 

would confirm that homeowner perception has an influence on energy consumption over 

a 3 year period.  

Solution: The following table shows the corresponding contingency table:  

 

0bserved 
Positive 

Response 
to both 

Negative 
response 
to at least 

one 

Total 

Lower 50% 28 29 57 

Upper 50% 12 21 33 

    

Total 40 50 90 
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The following null and alternative hypotheses were tested: 

 

 
0 : Response to Q10 and Q14 and Energy usage are independent

: Response to Q10 and Q14 and Energy usage are NOT independentA

H

H
 

 

From the table above the expected values were computed:  

 

Expected 
Positive 

Response 
to both 

Negative 
response 
to at least 

one 

Lower 50% 25.3333 31.6667 

Upper 50% 14.6667 18.3333 

   

 

The way those expected frequencies are calculated is shown below: 

 

 1 1 1 2 2 1
1,1 1,2 2,1

57 40 57 50 33 40
25.3333, 31.6667, 14.6667

90 90 90

R C R C R C
E E E

T T T

    
          

  

 2 2
2,2

33 50
, 18.3333

90

R C
E

T

 
    

 

Finally, the formula
 

2
O E

E


 was used to get: 

 

(fo - fe)²/fe 
Positive 

Response 
to both 

Negative 
response 
to at least 

one 

Lower 50% 0.2807 0.2246 

Upper 50% 0.4848 0.3879 

   

  

The calculations required are shown below: 

 

 
     

2 2 2
28 25.3333 29 31.6667 12 14.6667

0.2807, 0.2246, 0.4848
25.3333 31.6667 14.6667

  
    

  

 
 

2
21 18.3333

, 0.3879
18.3333


  
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Hence, the value of Chi-Square statistics is  

 

 
 

2

2 0.2807 0.2246 0.4848 0.3879 1.378
ij ij

ij

O E

E



       

 

The critical Chi-Square value for 0.05   and    2 1 2 1 1     degrees of freedom is

2 3.841C  . Since
 

2

2 1.378
ij ij

ij

O E

E



   < 2 3.841C  , then the findings fail to 

reject the null hypothesis, which means that there is not enough evidence to reject the null 

hypothesis of independence. 

 Individual responses for each of the survey questions have been developed into a 

pie chart for ease of interpretation.  The complete survey data can be found in the 

appendix of the research project. 
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FIGURE 4.7: Homeowner Perceptions Survey Question 7 

 

FIGURE 4.8: Homeowner Perceptions Survey Question 8 

 

 

9% 

86% 

5% 

Did the utility costs influence your decision 
to move into your current home? 

Yes No Not Sure

6% 

59% 

25% 

10% 

How would you describe your utility bills? 

Very Low Average Too High Not Sure
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FIGURE 4.9: Homeowner Perceptions Survey Question 9 

 

FIGURE 4.10: Homeowner Perceptions Survey Question 10 

 

 

8% 
23% 

18% 

51% 

How do you think your utility bills compare 
to your neighbor's utility bills? 

Mine are lower than my neighbors

Mine are about the same as my neighbors

Mine are higher than my neighbors

I am not sure how my bills compare to my neighbors

30% 

43% 

17% 

10% 

How much do you feel your living habits 
contribute to your overall utility costs? 

A lot Some A little None
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FIGURE 4.11: Homeowner Perceptions Survey Question 11 

 

FIGURE 4.12: Homeowner Perceptions Survey Question 11A 

 

 

48% 

52% 

Have you done anything in the past 12 
months to make it more energy efficient? 

Yes No

67% 
7% 

26% 

If you answered yes, do you feel your utility 
costs have lowered because of these 

improvements? 

Yes No Not Sure
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FIGURE 4.13: Homeowner Perceptions Survey Question 12 

 

FIGURE 4.14: Homeowner Perceptions Survey Question 13 

 

 

38% 

59% 

3% 

Have you taken advantage of any tax rebates 
for energy efficient improvements to your 

home? 

Yes No Not Sure

36% 

17% 

47% 

Would you attend a community event to 
learn energy improvement techniques to 

your home? 

Yes No Not Sure
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FIGURE 4.15: Homeowner Perceptions Survey Question 14 

 

FIGURE 4.16: Homeowner Perceptions Survey Question 14A 

 

 

35% 

65% 

Have you changed your habits in the past 12 
months to help lower your utility bills? 

No Yes

54% 

18% 

28% 

If you answered yes, do you feel your utility 
costs have lowered because of these habit 

changes? 

Yes No Not Sure



73 
 

FIGURE 4.17: Homeowner Perceptions Survey Question 15 

  

 

FIGURE 4.18: Homeowner Perceptions Survey Question 16 

 

 

11% 

59% 

26% 

4% 

How long is a reasonable time period for an 
energy efficient upgrade to pay for itself 

through energy savings? 
0-2 Years 2-5 Years 5-10 Years 10+ Years

31% 

7% 

27% 
9% 

26% 

Which of the following improvement is the 
most important to making your home more 

energy efficient? 

Adding more insulation to walls and ceiling

Replacing light bulbs with more efficient bulbs

Replacing windows

Replacing appliances with more efficient appliances

Replacing air conditioning or heating systems
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FIGURE 4.19: Homeowner Perceptions Survey Question 17 

  

 

FIGURE 4.20: Homeowner Perceptions Survey Question 18 

 

 

11% 

57% 
16% 

11% 5% 

Which of the following reason is the most 
important to making your home more 

energy efficient? 

Improve the environment

Save on monthly operating costs

Reduce the U.S. dependence on foreign oil

Add value to the home

Reduce climate change and greenhouse gases

62% 

5% 

33% 

Do you think your utility company should 
use a renewable energy such as wind or 

solar power? 

Yes No Not Sure
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FIGURE 4.21: Homeowner Perceptions Survey Question 19 

 

 

FIGURE 4.22: Homeowner Perceptions Survey Question 20 

 

39% 

46% 

14% 

1% 0% 

How much more would you be willing to pay 
on your monthly utility bill to use a 

renewable energy? 

0%, I don't want my rates increased at all 0% - 5%

5% - 10% 10% - 20%

More than 20%

28% 

59% 

13% 

How important is it to you that your daily 
purchases consist of renewable or recycled 

material? 

Really Somewhat Not Important
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4.2.3 On-Site Analysis Results 

 The evaluation of the on-site inspection was focused on comparing the blower 

door infiltration reading and thus calculated air exchanges per hour to the actual energy 

use data collected.  The blower door tests conducted on the sample set resulted in the 

following: 

TABLE 4.1: Blower Door to BTU/SqFt/DD Comparison

 

 The regression analysis calculated for the BTU/SqFt/DD to ACH50 shows that 

there is little to no correlation in this study between the two. Understanding that air 

infiltration only contributes to a portion of energy consumption these results are not 

Test Home BTU/SqFt AC@50 AC@50 BTU/SqFt

1 21.58 9.56 12 10

2 29.85 5.98 4 18

3 14.01 3.45 1 2

4 21.85 6.21 5 11

5 16 10.04 14 4

6 24.79 13.08 18 13

7 22.05 16.83 21 12

8 25.12 10.96 16 15

9 16.11 14.51 19 5

10 30.02 8.87 9 19

11 27.28 9.85 13 16

12 16.58 12.41 16 6

13 14.76 7.08 6 3

14 28.04 8.03 8 17

15 31.73 5.14 3 21

16 9.29 5.05 2 1

17 18.95 7.26 7 7

18 19.03 12.58 17 9

19 31.1 10.92 15 20

20 18.98 9.05 10 8

21 38.46 20.64 22 22

22 24.97 9.25 11 14

Ranking
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surprising, though it should be noted that the linear regression identifies a relationship to 

overall energy consumption and calculated air exchanges per hour. 

TABLE 4.2: Linear Regression Results of ACH50 

SUMMARY OUTPUT 
 

  Regression Statistics 

Multiple R 0.322877819 

R Square 0.104250086 

Adjusted R Square 0.05946259 

Standard Error 3.947684598 

Observations 22 

 

FIGURE 4.23: Scatter Plot of AC@50 Results 

  

General On-Site Report Summary 

Each of the 22 homes audited were given individual summary reports for their 

participation in the on-site analysis.  Listed below is the report that homeowners received.  

The general on-site report was standardized to insure every participant received the same 

information with an individualized report for each property concluding the report.  The 

actual individual completed reports can be found in the appendix. 
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Figure 4.24: Sample On-Site Summary Report 
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CHAPTER V 

CONCLUSIONS 

 

5.1 Research purpose 

 The purpose of this study was to address the problem of how and what the best 

approach is when developing a community-based retrofit program.  Understanding that 

subsectors of the housing stock need to be addressed individually, three research 

questions resulted in the development of a community based study focusing on the aging 

housing stock.  The methodology developed and tested during the Woodbine Project gave 

evidence of efficiently using historical energy data to analyze community opportunities, 

confirmed homeowner habits and perceptions role in energy efficiency, and inferred that 

building envelope improvements must be addressed in any retrofit strategy. 

5.2 Research Question #1 Conclusion 

Can historical consumption data and property assessor data be efficiently used to 

analyze community based energy usage patterns? 

 An energy analysis tool was successfully developed to identify which homes in a 

community would offer the largest opportunity for retrofit payback.  The BTU/SQFT/DD 

tool designed by the researcher could efficiently be completed by an individual auditor or 

used to analyze an entire community to dissect actual utility consumption as compared to 

assumptions made by computer models.  The online assessor data and utility information 

was completed in an average time of less than three minutes per home making it a cost 

effective tool to begin the auditing process. 
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 The assessor data and energy consumption data correlations strongly supported 

the findings that a specific subsector cannot be identified when prequalifying homes for 

retrofit opportunities.  Multiple unpredictable variables exist in homes built before 1979 

to label a subsector of the housing population as the “target” for community based 

retrofits.   

 The characteristical data offered limited support in identifying which styles or 

housing characteristics offered the largest opportunity.  While building characteristics 

offer opportunities for ease of accessibility and workability, when correlated directly with 

actual energy consumption a direct linkage could not be made. 

5.3 Research Question #2 Conclusion 

To what extent do the homeowners’ perceptions of energy efficiency in rural America 

affect their actual energy consumption?    

 On a national scale, homeowner perception of energy efficiency has been 

conducted mainly by the National Association of Home Builders.  The second research 

question of this project looked at the perceptions specifically of rural America.  

Identifying unique characteristical differences of rural America specifically an aging 

population and education level, this research set out to identify if similar findings of 

perceptions and energy consumptions existed.   

 The survey data collected by this research is consistent with the findings of 

NAHB’s and McGraw-Hills green trends and perceptions studies.  Unique to this study 

was the ability to statistically validate the qualitative data of the survey to the quantitative 

data of the actual energy consumption.  The statistical analysis of the homeowners’ 

perceptions survey not only showed that changing habits has a positive effect on lowering 
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energy consumption, but by recognizing that habits regardless of actual changes play a 

critical role also influences the reduction.  The results indicate that an educational or 

awareness program must be included in a community based retrofit program.     

5.4 Research Question #3 Conclusion 

Is there a direct relationship between the building envelope and actual energy 

consumption in the aging housing stock? 

 Research question three focused on identifying the relationship between the 

building envelope and actual energy consumption.  Residential energy offenders such as 

lighting, windows, homeowner habits, HVAC, building envelopes, appliance, etc. have 

traditionally been placed into either a low-cost retrofit or deep retrofit categories.  While 

the low-cost retrofits have been seen as easy, they are not permanent changes to the 

structure and thus to energy consumptions.  Habits are always changing, lighting is 

switched frequently, and temperature of the home is being adjusted to match comfort 

level rather than energy usage.  Conversely, deeper retrofits while more permanent, have 

often been seen as too costly or invasive for a large percentage of homes to adapt.  With 

the use of the blower door to identify leakage amounts and location of air infiltration, the 

building envelope improvements can be the only permanent retrofit that can and should 

be included in the low-cost retrofit.  This makes the building envelope improvement the 

best energy savings retrofit option.  

 Using the pre-audit BTU/SQFT/DD system developed through research question 

one, a systematic approach was developed identifying which homes offered opportunity 

for retrofits.  Through the random sampling process, on-site properties were visited and 
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infiltration leakage was measured along with a variety of other structural measurements 

identified in the on-site checklist found in the appendix.   

 The statistical analysis of air exchanges or leakage in comparison to actual energy 

data failed to validate the relationship between the two.  However, a trend was identified 

that showed air exchanges per hour increase as the BTU/SQFT/DD number increases.  

Due to the multitude of variables that contribute to overall energy consumption a larger 

sample size is needed to statistically validate or discredit leakage correlations.  

 This research showed the opportunity and necessity of the building envelope 

measurements as part of the process of a community based retrofit.  Coupled with the 

BTU/SQFT/DD information, the leakage information can identify immediately if 

building envelope improvements will have an effect on lowering energy consumption. 

5.5 Problem Statement Conclusion 

 The research suggests that the best approach in analyzing and understanding 

consumption patterns in the aging housing stock is through a partnership with local utility 

providers.  Access to actual historical home consumption is critical to the accuracy of 

pre-auditing retrofit candidates.  With the variables of the housing stock, any computer 

simulation simply cannot predict savings calculations.  Homeowner’s can always provide 

personal consumption data, but the utility providers database allows the auditor to 

analyze the homes as a community and then comparatively on individual basis.  

Homeowner habits and lifestyle must also play a role in the data collection.  Habitual 

information allows the pre-auditor to provide and assess what influence if any these are 

having on consumption patterns.  All of the above mentioned pre-audit information can 

be collected prior to any visual inspection of the property.  This pre-audit collection can 
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allow community retrofit strategist to prioritize candidates and significantly reduce the 

audit investment time as well as increasing the potential of audits being performed on 

homes that will lead to retrofits with significant energy savings.  Furthermore, when an 

individual property is identified as a retrofit candidate, the building envelope testing 

should be conducted immediately when arriving at a property. 

5.6 Discussion  

 The Woodbine Project emphasized the challenges faced when addressing the 

residential housing stock in a systematic, standardized approach.  While community-

based studies on homes built post-1979 have shown promise with regards to identifying 

commonalities in energy consuming characteristics, communities such as Woodbine with 

a housing stock predominately of pre-1979 homes are unable to identify a common 

approach to addressing residential retrofits.  The homes have either been remodeled or 

renovated to reflect a newer home or are deteriorated from age and neglect.  With today’s 

appraiser’s data, any work performed on the home after build date is unavailable. 

 The property appraiser data was found to be insufficient when attempting to 

identify characteristics that lead to specific energy consumption; it is valuable though 

when coupled with actual property utility data.  The Woodbine Project highlighted the 

necessity of using actual historical utility data when examining residential energy use.  

The housing characteristics that can be identified once a home is determined to be outside 

the median in regards to energy consumption can be extremely useful.  The appraiser’s 

data allows for an identifiable scope of work to be established, identifies hazards or 

challenges to a retrofit, and gives an estimated amount of material that may be required 

by providing square footage, house style, etc. 
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 The homeowners’ perception survey gave valuable information for this study as 

well as future community perspective studies.  Surprisingly, this study upholds the 

argument that positive homeowner habits and perceptions of energy efficiency are 

effective when attempting to reduce household energy consumption.   

 The blower door tests conducted during the study also showed the opportunity 

and importance of an overall building envelope.  The blower door tests on every home 

identified opportunities for improvements, many of them at low costs to the homeowner.  

The direct effect of the building envelope to the mechanical systems of the property in 

this researcher’s view is the most critical element in residential building efficiency.  

Building envelopes that perform poorly on newer homes operating with high efficiency 

HVAC systems are disappointing, but envelopes that are performing poorly on properties 

operating with HVAC systems that are sometimes 50–60% efficient are detrimental to the 

homeowners’ pocketbook and the community as a whole. 

5.7 Directions for Future Research 

 Residential energy efficiency research has been conducted and pushed for over 30 

years, but is still in its infant stage.  With the Building America initiative sponsored by 

the United States Department of Energy, the residential research community is making 

swift strides in regards to data collection and standardized testing protocol.  The current 

questions are still being researched: is historical utility data needed or can a computer 

model approach be accurate?; can a one-size-fits-all model be developed?; will 

homeowners and builders begin to see added value in energy efficient upgrades?; and 

finally, what is the tipping point when the market can self-sustain a residential retrofit 

program void of government influence or incentives?  Industries and institutions across 
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the country are searching for answers to these questions.  The research performed in this 

project offers opportunity to be tested and built upon.  The utility data and appraiser data 

approach was specifically developed to be replicated in other communities in both the 

same climate region and differing climate regions.  By converting the supply of energy to 

BTU’s, any energy source can now be converted and compared using a similar 

spreadsheet.  Additionally, by including the degree days into the calculations, weather 

data from any climate can normalize the data and make it significantly comparative to the 

research in this project.   

 It is viewed as critical by this researcher that partnership or a vested interest by 

the supplying utility company is perhaps the most critical link in accurate residential 

utility analysis.  With this being said, future research or legislative decisions need to be 

addressed that require utility information to become public information.  Without the 

enforcement of this public policy initiative, there is no foreseen motive for private utility 

suppliers to willingly provide mass data information void of any major peak demand 

crisis.  While computer programs are continually improving to provide a modeling 

system that more accurately represents a residential home, pre-1979 homes encompass a 

plethora of changes that no computer model can ever assess with 100% accuracy.  

Knowing that over 60% of the current housing stock includes homes that are built pre-

1979, the reliance of a strict computer modeling system that provides accurate 

information is naïve.   

 Future research should and will continue to implement pilot projects in varying 

communities across the country.  Increased partnerships with private industries will allow 
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researchers and investors alike to develop retrofit practices that are not only accurate and 

sustainable, but also profitable for privatized business models.   
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FIGURE A.1: Beacon Online Appraiser Data Example 
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Table A.1: Completed Ranking of Woodbine BTU/SqFt/DD Results 

BTU/SqFt/DD RANKING OF RESIDENTIAL HOMES FOR THE COMMUNITY OF 

WOODBINE, IA 

ID# Year Built SqFt 
Basement 

Type 
Style Assessed Value 

BTU/SQ

FT/DD 

Area 

Rank 

51579001 1970-1979 1,210 Full Single Story 80000-90000 4.55 90% 

51579002 1900-1909 3,086 Partial Two-story 90000-100000 5.09 90% 

51579003 1920-1929 1,092 Full Single Story 50000-60000 5.64 90% 

51579004 1970-1979 1,351 Full Single Story 110000-120000 6.48 90% 

51579005 1900-1909 1,184 Full Single Story 70000-80000 6.66 90% 

51579006 1950-1959 1,540 Full Single Story 120000-130000 7.48 90% 

51579007 1900-1909 1,548 Partial 1.5 story 70000-80000 7.77 90% 

51579008 1970-1979 1,260 Full Single Story 100000-110000 7.99 90% 

51579009 1900-1909 1,066 Partial Single Story 60000-70000 8.07 90% 

51579010 1900-1909 1,292 Full Single Story 70000-80000 8.20 90% 

51579011 1900-1909 1,624 Partial 1.5 story 80000-90000 8.20 90% 

51579012 1990-1999 1,633 Full Single Story 160000-170000 8.24 90% 

51579013 1970-1979 1,852 Slab Single Story 100000-110000 8.79 90% 

51579014 1960-1969 1,440 Full Single Story 100000-110000 8.82 90% 

51579015 1900-1909 1,834 Partial 1.5 story 80000-90000 8.87 90% 

51579016 1990-1999 1,421 Full Single Story 150000-160000 8.89 90% 

51579017 1950-1959 1,692 Full Single Story 100000-110000 9.29 90% 

51579018 1960-1969 1,783 Full Single Story 150000-160000 9.29 90% 

51579019 1950-1959 4,424 Full Single Story 270000-280000 9.50 90% 

51579020 1900-1909 2,861 Partial Single Story 90000-100000 9.61 90% 

51579021 1900-1909 1,312 Full Single Story 50000-60000 9.85 90% 

51579022 1900-1909 1,523 Partial 1.5 story 60000-70000 9.94 90% 

51579023 1980-1989 1,676 Full Single Story 120000-130000 10.06 90% 

51579024 Pre 1900 1,256 Full Single Story 70000-80000 10.11 90% 

51579025 1900-1909 1,380 Full Single Story 80000-90000 10.16 90% 

51579026 1990-1999 1,714 Full Single Story 160000-170000 10.36 90% 

51579027 2000-2010 2,176 Full Two-Story 170000-180000 10.36 90% 

51579028 1970-1979 1,272 Partial Single Story 90000-100000 10.41 90% 

51579029 1960-1969 1,584 Full Single Story 110000-120000 10.49 90% 

51579030 1910-1919 1,307 Full Single Story 90000-100000 10.53 90% 

51579031 1990-1999 1,633 Full Single Story 160000-170000 10.97 90% 

51579032 1900-1909 3,053 Full Two-story 120000-130000 10.99 90% 

51579033 1900-1909 1,539 Partial 1.5 story 40000-50000 10.99 90% 

51579034 1900-1909 908 Partial Single Story 40000-50000 11.03 90% 

51579035 1970-1979 1,210 Full Single Story 90000-100000 11.05 90% 

51579036 1920-1929 982 Partial Single Story 60000-70000 11.15 90% 

51579037 1900-1909 1,359 Partial 1.5 story 40000-50000 11.16 90% 

51579038 1900-1909 990 Full Single Story 80000-90000 11.31 90% 
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51579039 1900-1909 2,172 Partial Single Story 90000-100000 11.55 90% 

51579040 1900-1909 1,256 Full Single Story 90000-100000 11.63 90% 

51579041 1970-1979 1,110 Full Single Story 80000-90000 11.64 90% 

51579042 1900-1909 3,054 Full Two-story 160000-170000 11.67 90% 

51579043 1900-1909 1,954 Partial Two-story 70000-80000 11.73 90% 

51579044 Pre 1900 2,512 Partial Two-story 110000-120000 11.81 90% 

51579045 1980-1989 1,344 Full 1.5 story 120000-130000 11.81 90% 

51579046 1900-1909 552 Partial Single Story 30000-40000 11.86 90% 

51579047 1900-1909 1,748 Full Two-story 80000-90000 11.90 90% 

51579048 1900-1909 1,328 Full Single Story 60000-70000 11.95 90% 

51579049 1900-1909 1,320 Slab Single Story 90000-100000 12.04 90% 

51579050 1900-1909 776 Partial Single Story 30000-40000 12.15 90% 

51579051 1990-1999 1,598 Full Single Story 170000-180000 12.29 90% 

51579052 1980-1989 1,092 Full Single Story 90000-100000 12.30 90% 

51579053 1900-1909 768 Partial Single Story 30000-40000 12.31 90% 

51579054 1900-1909 1,514 Partial Single Story 80000-90000 12.40 80% 

51579055 1900-1909 1,812 Partial 1.5 story 100000-110000 12.41 80% 

51579056 1970-1979 1,232 Full Split-Level 130000-140000 12.42 80% 

51579057 1900-1909 1,151 Slab 1.5 story 40000-50000 12.54 80% 

51579058 1990-1999 1,162 Full Single Story 120000-130000 12.57 80% 

51579059 1990-1999 1,492 Full Single Story 120000-130000 12.62 80% 

51579060 1900-1909 1,550 Partial 1.5 story 70000-80000 12.63 80% 

51579061 1900-1909 1,870 Full Single Story 110000-120000 12.72 80% 

51579062 
1990-1999 1,024 Slab 

Mobile 

Home 
30000-40000 12.75 80% 

51579063 1900-1909 1,418 Partial 1.5 story 90000-100000 12.75 80% 

51579064 1900-1909 2,111 Full 1.5 story 80000-90000 12.76 80% 

51579065 1900-1909 2,272 Partial Single Story 140000-150000 12.80 80% 

51579066 1900-1909 2,074 Partial 1.5 story 100000-110000 12.83 80% 

51579067 1900-1909 1,140 Full Single Story 80000-90000 12.87 80% 

51579068 1900-1909 1,589 Partial 1.5 story 60000-70000 12.92 80% 

51579069 1900-1909 1,260 Partial Single Story 40000-50000 12.93 80% 

51579070 1920-1929 1,560 Full Single Story 120000-130000 12.96 80% 

51579071 1900-1909 1,128 Partial Single Story 50000-60000 13.01 80% 

51579072 1970-1979 1,100 Full Single Story 80000-90000 13.03 80% 

51579073 1960-1969 1,676 Full Single Story 120000-130000 13.12 80% 

51579074 1970-1979 1,288 Full Single Story 110000-120000 13.15 80% 

51579075 2000-2010 2,477 Full Single Story 200000-210000 13.23 80% 

51579076 1970-1979 1,594 Full Two-story 110000-120000 13.35 80% 

51579077 1990-1999 1,036 Slab Single Story 60000-70000 13.39 80% 

51579078 1950-1959 918 Full Single Story 70000-80000 13.53 80% 

51579079 1900-1909 717 Slab 1.5 story 30000-40000 13.54 80% 

51579080 1970-1979 1,392 Full Single Story 100000-110000 13.58 80% 
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51579081 Pre 1900 1,860 Partial 1.5 story 50000-60000 13.64 80% 

51579082 1990-1999 1,232 Full Single Story 90000-100000 13.71 80% 

51579083 2000-2010 6,348 Full 1.5 story 500000+ 13.79 80% 

51579084 1990-1999 1,548 Full Single Story 130000-140000 13.96 80% 

51579085 1990-1999 2,119 Full Two-story 160000-170000 14.00 80% 

51579086 1990-1999 3,526 Full 1.5 story 220000-230000 14.01 80% 

51579087 1900-1909 900 Full Single Story 50000-60000 14.06 80% 

51579088 1900-1909 1,600 Partial 1.5 story 60000-70000 14.11 80% 

51579089 1900-1909 1,700 Full 1.5 story 110000-120000 14.15 80% 

51579090 1900-1909 1,084 Partial Single Story 50000-60000 14.17 80% 

51579091 1900-1909 1,397 Full 1.5 story 50000-60000 14.20 80% 

51579092 Pre 1900 1,738 Full 1.5 story 50000-60000 14.21 80% 

51579093 1900-1909 1,550 Full 1.5 story 80000-90000 14.27 80% 

51579094 1900-1909 896 Partial Single Story 30000-40000 14.42 80% 

51579095 1960-1969 768 Full Single Story 40000-50000 14.44 80% 

51579096 1910-1919 2,088 Partial Two-story 100000-110000 14.49 80% 

51579097 1990-1999 1,387 Full Single Story 130000-140000 14.50 80% 

51579098 1900-1909 1,068 Partial Single Story 60000-70000 14.52 80% 

51579099 1900-1909 1,120 Full Single Story 50000-60000 14.53 80% 

51579100 1980-1989 1,008 Full Single Story 70000-80000 14.62 80% 

51579101 1970-1979 1,248 Full Single Story 110000-120000 14.67 80% 

51579102 1990-1999 1,456 Full Single Story 120000-130000 14.70 80% 

51579103 1920-1929 1,792 Full Two-story 80000-90000 14.74 80% 

51579104 1900-1909 1,504 Full 1.5 story 120000-130000 14.76 80% 

51579105 1900-1909 944 Full Single Story 50000-60000 14.80 80% 

51579106 1900-1909 1,280 Partial 1.5 story 30000-40000 14.84 80% 

51579107 1960-1969 1,632 Full Single Story 110000-120000 14.91 70% 

51579108 1950-1959 1,152 Partial Single Story 70000-80000 14.92 70% 

51579109 1970-1979 1,152 Full Single Story 90000-100000 14.94 70% 

51579110 1930-1939 1,100 Full Single Story 70000-80000 14.99 70% 

51579111 Pre 1900 744 Partial Single Story 50000-60000 15.00 70% 

51579112 1900-1909 1,114 Slab Single Story 80000-90000 15.06 70% 

51579113 1960-1969 832 Slab Single Story 50000-60000 15.08 70% 

51579114 1900-1909 1,755 Full 1.5 story 70000-80000 15.11 70% 

51579115 2000-2010 2,026 Full Single Story 230000-240000 15.12 70% 

51579116 1900-1909 912 Full Single Story 40000-50000 15.16 70% 

51579117 1900-1909 1,104 Full Single Story 60000-70000 15.21 70% 

51579118 1900-1909 1,067 Full 1.5 story 50000-60000 15.21 70% 

51579119 1920-1929 1,352 Full Single Story 80000-90000 15.21 70% 

51579120 1960-1969 1,217 Slab Single Story 70000-80000 15.33 70% 

51579121 1900-1909 1,024 Full Single Story 80000-90000 15.39 70% 

51579122 Pre 1900 1,256 Partial Single Story 50000-60000 15.43 70% 

51579123 1900-1909 1,712 Partial 1.5 story 50000-60000 15.45 70% 
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51579124 1970-1979 1,144 Full Single Story 100000-110000 15.47 70% 

51579125 1990-1999 1,485 Partial Single Story 150000-160000 15.52 70% 

51579126 1990-1999 1,257 Full Single Story 120000-130000 15.60 70% 

51579127 1990-1999 1,200 Full Single Story 100000-110000 15.65 70% 

51579128 1900-1909 1,085 Full 1.5 story 40000-50000 15.67 70% 

51579129 1900-1909 1,344 Full Single Story 110000-120000 15.78 70% 

51579130 1900-1909 1,092 Partial Single Story 40000-50000 15.78 70% 

51579131 1900-1909 1,158 Slab Single Story 60000-70000 15.91 70% 

51579132 1980-1989 1,380 Full Single Story 110000-120000 15.91 70% 

51579133 1970-1979 2,072 Full Two-story 190000-200000 15.94 70% 

51579134 1900-1909 1,064 Full Single Story 50000-60000 15.95 70% 

51579135 1900-1909 1,248 Full 1.5 story 60000-70000 15.98 70% 

51579136 1900-1909 836 Full Single Story 90000-100000 16.00 70% 

51579137 1900-1909 2,124 Partial Two-story 90000-100000 16.00 70% 

51579138 1950-1959 1,071 Slab Single Story 70000-80000 16.08 70% 

51579139 1950-1959 1,068 Full Single Story 80000-90000 16.09 70% 

51579140 1940-1949 941 Slab 1.5 story 50000-60000 16.10 70% 

51579141 Pre 1900 1,424 Partial Two-story 80000-90000 16.11 70% 

51579142 1990-1999 2,435 Full Single Story 250000-260000 16.13 70% 

51579143 1900-1909 1,248 Partial 1.5 story 50000-60000 16.15 70% 

51579144 1900-1909 1,007 Partial Single Story 70000-80000 16.17 70% 

51579145 1900-1909 1,096 Partial Single Story 50000-60000 16.19 70% 

51579146 1900-1909 1,070 Partial Single Story 70000-80000 16.20 70% 

51579147 1950-1959 1,552 Full Single Story 140000-150000 16.25 70% 

51579148 1900-1909 1,140 Full Single Story 50000-60000 16.29 70% 

51579149 1900-1909 1,895 Partial 1.5 story 80000-90000 16.45 70% 

51579150 1900-1909 871 Partial Single Story 40000-50000 16.49 70% 

51579151 1900-1909 888 Partial Single Story 50000-60000 16.52 70% 

51579152 1900-1909 1,236 Partial 1.5 story 40000-50000 16.58 70% 

51579153 1980-1989 952 Full Single Story 100000-110000 16.58 70% 

51579154 1900-1909 1,624 Partial Two-story 50000-60000 16.64 70% 

51579155 1980-1989 1,228 Full Single Story 110000-120000 16.64 70% 

51579156 1920-1929 916 Full Single Story 80000-90000 16.65 70% 

51579157 1900-1909 1,395 Partial 1.5 story 60000-70000 16.67 70% 

51579158 1960-1969 832 Slab Single Story 60000-70000 16.68 70% 

51579159 1970-1979 1,938 Full Two-story 140000-150000 16.86 70% 

51579160 1970-1979 2,040 Full Two-story 130000-140000 16.87 60% 

51579161 1920-1929 980 Full Single Story 50000-60000 16.94 60% 

51579162 1960-1969 887 Slab Single Story 50000-60000 16.96 60% 

51579163 1980-1989 1,228 Full Single Story 120000-130000 17.01 60% 

51579164 1940-1949 1,390 Full Single Story 120000-130000 17.06 60% 

51579165 1900-1909 1,405 Partial Single Story 70000-80000 17.07 60% 

51579166 1900-1909 2,148 Partial Two-story 110000-120000 17.10 60% 
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51579167 1970-1979 960 Full Single Story 70000-80000 17.13 60% 

51579168 Pre 1900 1,748 Partial Two-story 80000-90000 17.22 60% 

51579169 1900-1909 1,256 Partial Single Story 50000-60000 17.30 60% 

51579170 1970-1979 1,290 Full Single Story 90000-100000 17.30 60% 

51579171 1900-1909 1,190 Partial 1.5 story 40000-50000 17.33 60% 

51579172 1900-1909 680 Full Single Story 40000-50000 17.43 60% 

51579173 1900-1909 2,073 Partial Two-story 80000-90000 17.46 60% 

51579174 1970-1979 3,300 Full Single Story 190000-200000 17.56 60% 

51579175 1960-1969 1,470 Full Single Story 90000-100000 17.58 60% 

51579176 1960-1969 1,120 Full Single Story 80000-90000 17.60 60% 

51579177 1900-1909 1,242 Slab 1.5 story 50000-60000 17.61 60% 

51579178 1970-1979 1,248 Full Single Story 110000-120000 17.67 60% 

51579179 1960-1969 936 Slab Single Story 70000-80000 17.85 60% 

51579180 1900-1909 1,236 Full Two-story 40000-50000 17.93 60% 

51579181 1960-1969 1,752 Full Single Story 150000-160000 17.95 60% 

51579182 1960-1969 1,500 Full Single Story 90000-100000 17.96 60% 

51579183 1960-1969 1,040 Full Single Story 90000-100000 18.02 60% 

51579184 1900-1909 1,519 Partial 1.5 story 70000-80000 18.03 60% 

51579185 1970-1979 1,188 Full Single Story 90000-100000 18.07 60% 

51579186 1900-1909 2,180 Partial Two-story 60000-70000 18.09 60% 

51579187 1900-1909 1,456 Partial Single Story 80000-90000 18.14 60% 

51579188 1920-1929 2,004 Full Two-story 80000-90000 18.15 60% 

51579189 1900-1909 1,040 Full 1.5 story 50000-60000 18.21 60% 

51579190 1950-1959 1,260 Full Single Story 90000-100000 18.23 60% 

51579191 1900-1909 960 Partial Single Story 50000-60000 18.25 60% 

51579192 1900-1909 1,678 Slab Two-story 60000-70000 18.28 60% 

51579193 1900-1909 1,318 Partial 1.5 story 70000-80000 18.30 60% 

51579194 1970-1979 1,760 Full Single Story 140000-150000 18.32 60% 

51579195 1970-1979 1,732 Full Single Story 130000-140000 18.33 60% 

51579196 1950-1959 864 Slab Single Story 30000-40000 18.35 60% 

51579197 1990-1999 1,320 Full Single Story 140000-150000 18.36 60% 

51579198 1970-1979 1,512 Full Two-story 100000-110000 18.43 60% 

51579199 1950-1959 1,564 Slab Single Story 90000-100000 18.52 60% 

51579200 1980-1989 1,490 Full Single Story 130000-140000 18.53 60% 

51579201 1900-1909 944 Partial Single Story 40000-50000 18.59 60% 

51579202 1900-1909 1,457 Partial 1.5 story 70000-80000 18.65 60% 

51579203 1970-1979 1,248 Full Single Story 110000-120000 18.70 60% 

51579204 1960-1969 1,092 Full Single Story 90000-100000 18.70 60% 

51579205 1970-1979 1,344 Full Single Story 120000-130000 18.74 60% 

51579206 1970-1979 1,092 Full Single Story 70000-80000 18.80 60% 

51579207 1900-1909 1,071 Partial 1.5 story 40000-50000 18.82 60% 

51579208 1970-1979 1,072 Full Single Story 90000-100000 18.84 60% 

51579209 1900-1909 1,096 Partial Single Story 40000-50000 18.91 60% 
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51579210 1900-1909 760 Partial Single Story 30000-40000 18.92 60% 

51579211 1970-1979 1,144 Full Single Story 100000-110000 18.95 60% 

51579212 1970-1979 1,392 Full Single Story 110000-120000 18.98 60% 

51579213 1900-1909 1,498 Slab 1.5 story 60000-70000 18.99 60% 

51579214 1900-1909 901 Full Single Story 70000-80000 19.03 50% 

51579215 1930-1939 1,176 Full Single Story 60000-70000 19.05 50% 

51579216 1990-1999 864 Full Single Story 80000-90000 19.08 50% 

51579217 2000-2010 2,114 Full Single Story 170000-180000 19.12 50% 

51579218 1980-1989 1,288 Full Single Story 110000-120000 19.12 50% 

51579219 1900-1909 1,311 Partial 1.5 story 80000-90000 19.30 50% 

51579220 1990-1999 1,080 Full Single Story 50000-60000 19.34 50% 

51579221 1900-1909 1,011 Slab Single Story 50000-60000 19.35 50% 

51579222 1900-1909 896 Partial Single Story 70000-80000 19.38 50% 

51579223 1980-1989 1,280 Full Single Story 90000-100000 19.47 50% 

51579224 1910-1919 1,144 Partial Single Story 60000-70000 19.47 50% 

51579225 1960-1969 1,568 Full Single Story 130000-140000 19.60 50% 

51579226 1900-1909 1,383 Slab 1.5 story 30000-40000 19.64 50% 

51579227 1900-1909 1,487 Slab Single Story 50000-60000 19.73 50% 

51579228 1960-1969 988 Full Single Story 70000-80000 19.84 50% 

51579229 1900-1909 1,032 Partial Single Story 50000-60000 19.84 50% 

51579230 1900-1909 888 Full Single Story 50000-60000 19.91 50% 

51579231 1900-1909 1,149 Partial Single Story 40000-50000 19.95 50% 

51579232 1910-1919 1,322 Partial Single Story 60000-70000 20.05 50% 

51579233 1900-1909 1,074 Partial Single Story 50000-60000 20.07 50% 

51579234 1900-1909 1,377 Partial Single Story 90000-100000 20.08 50% 

51579235 1900-1909 1,560 Slab 1.5 story 60000-70000 20.14 50% 

51579236 1900-1909 944 Full Single Story 70000-80000 20.15 50% 

51579237 1980-1989 1,344 Full Single Story 140000-150000 20.15 50% 

51579238 1910-1919 1,616 Partial Two-story 80000-90000 20.18 50% 

51579239 1950-1959 1,830 Full 1.5 story 120000-130000 20.19 50% 

51579240 1900-1909 860 Slab Single Story 40000-50000 20.29 50% 

51579241 1970-1979 1,152 Full Single Story 70000-80000 20.36 50% 

51579242 1940-1949 936 Full Single Story 60000-70000 20.38 50% 

51579243 1900-1909 980 Partial Single Story 50000-60000 20.42 50% 

51579244 1980-1989 1,498 Full Single Story 110000-120000 20.43 50% 

51579245 1900-1909 1,487 Full 1.5 story 100000-110000 20.57 50% 

51579246 1960-1969 1,232 Full Single Story 80000-90000 20.60 50% 

51579247 1900-1909 1,249 Partial Single Story 40000-50000 20.65 50% 

51579248 1960-1969 964 Full Single Story 80000-90000 20.67 50% 

51579249 1950-1959 1,029 Partial Single Story 80000-90000 20.72 50% 

51579250 1900-1909 1,056 Partial Single Story 30000-40000 20.72 50% 

51579251 1950-1959 1,486 Full Single Story 100000-110000 20.74 50% 

51579252 1900-1909 624 Full Single Story 30000-40000 20.87 50% 
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51579253 1900-1909 1,296 Partial Single Story 40000-50000 20.95 50% 

51579254 1900-1909 1,418 Partial Single Story 100000-110000 21.04 50% 

51579255 1900-1909 1,438 Partial 1.5 story 70000-80000 21.10 50% 

51579256 1900-1909 1,308 Partial Single Story 50000-60000 21.11 50% 

51579257 1960-1969 936 Full Single Story 70000-80000 21.12 50% 

51579258 1970-1979 1,336 Full Single Story 90000-100000 21.25 50% 

51579259 1900-1909 970 Slab Single Story 50000-60000 21.27 50% 

51579260 Pre 1900 960 Partial Single Story 60000-70000 21.29 50% 

51579261 1900-1909 1,992 Partial Two-story 70000-80000 21.35 50% 

51579262 1900-1909 888 Partial Single Story 30000-40000 21.37 50% 

51579263 1900-1909 1,230 Full Single Story 40000-50000 21.39 50% 

51579264 1970-1979 768 Slab 1.5 story 30000-40000 21.42 50% 

51579265 1970-1979 1,352 Full Split-Level 100000-110000 21.48 50% 

51579266 1900-1909 1,994 Full Single Story 130000-140000 21.53 50% 

51579267 1990-1999 1,169 Full Single Story 110000-120000 21.57 40% 

51579268 1900-1909 1,630 Partial Single Story 90000-100000 21.58 40% 

51579269 1960-1969 936 Full Single Story 80000-90000 21.60 40% 

51579270 1900-1909 907 Partial 1.5 story 30000-40000 21.63 40% 

51579271 1900-1909 1,182 Partial Single Story 70000-80000 21.66 40% 

51579272 1900-1909 1,414 Full 1.5 story 70000-80000 21.67 40% 

51579273 1900-1909 1,232 Partial Single Story 40000-50000 21.81 40% 

51579274 1920-1929 1,140 Full Single Story 80000-90000 21.83 40% 

51579275 1900-1909 1,476 Partial 1.5 story 70000-80000 21.84 40% 

51579276 1900-1909 1,020 Full Single Story 60000-70000 21.85 40% 

51579277 1900-1909 716 Partial Single Story 30000-40000 21.88 40% 

51579278 1910-1919 1,960 Partial Single Story 80000-90000 21.99 40% 

51579279 Pre 1900 820 Full Single Story 50000-60000 22.05 40% 

51579280 1900-1909 1,076 Full Single Story 50000-60000 22.07 40% 

51579281 1900-1909 1,355 Partial Single Story 80000-90000 22.20 40% 

51579282 1900-1909 1,356 Full Single Story 80000-90000 22.20 40% 

51579283 1910-1919 780 Full Single Story 60000-70000 22.21 40% 

51579284 1900-1909 1,621 Full 1.5 story 70000-80000 22.21 40% 

51579285 1990-1999 1,362 Full Single Story 160000-170000 22.24 40% 

51579286 1990-1999 1,024 Full Single Story 80000-90000 22.28 40% 

51579287 1900-1909 1,578 Partial 1.5 story 60000-70000 22.29 40% 

51579288 1970-1979 1,940 Full Two-story 140000-150000 22.33 40% 

51579289 1900-1909 829 Partial Single Story 50000-60000 22.36 40% 

51579290 1900-1909 976 Partial Single Story 50000-60000 22.39 40% 

51579291 1900-1909 1,605 Partial Single Story 60000-70000 22.39 40% 

51579292 1970-1979 1,750 Full Single Story 150000-160000 22.39 40% 

51579293 1970-1979 1,176 Slab Single Story 50000-60000 22.40 40% 

51579294 1900-1909 656 Partial Single Story 30000-40000 22.40 40% 

51579295 1950-1959 812 Partial Single Story 50000-60000 22.53 40% 



104 
 

51579296 1900-1909 928 Partial Single Story 30000-40000 22.53 40% 

51579297 1900-1909 1,377 Full 1.5 story 60000-70000 22.54 40% 

51579298 1900-1909 928 Full Single Story 40000-50000 22.59 40% 

51579299 1900-1909 676 Partial Single Story 40000-50000 22.59 40% 

51579300 1970-1979 1,040 Full 1.5 story 90000-100000 22.65 40% 

51579301 1930-1939 876 Full Single Story 70000-80000 22.74 40% 

51579302 1900-1909 1,168 Partial 1.5 story 30000-40000 22.74 40% 

51579303 1950-1959 1,287 Slab Single Story 80000-90000 22.90 40% 

51579304 1970-1979 1,248 Full Single Story 100000-110000 22.98 40% 

51579305 1900-1909 836 Partial Single Story 40000-50000 23.06 40% 

51579306 1900-1909 1,227 Partial 1.5 story 50000-60000 23.06 40% 

51579307 1960-1969 1,452 Full Single Story 130000-140000 23.12 40% 

51579308 1900-1909 1,021 Partial Single Story 60000-70000 23.20 40% 

51579309 1900-1909 1,011 Full 1.5 story 40000-50000 23.45 40% 

51579310 1900-1909 1,361 Partial Single Story 70000-80000 23.49 40% 

51579311 1900-1909 1,512 Partial Single Story 90000-100000 23.49 40% 

51579312 1900-1909 976 Slab Single Story 50000-60000 23.52 40% 

51579313 1970-1979 1,386 Full Single Story 80000-90000 23.55 40% 

51579314 1900-1909 728 Partial Single Story 60000-70000 23.59 40% 

51579315 1970-1979 1,144 Full Single Story 110000-120000 23.68 40% 

51579316 1900-1909 1,754 Slab 1.5 story 30000-40000 23.69 40% 

51579317 1910-1919 1,456 Full Single Story 100000-110000 23.70 40% 

51579318 1900-1909 936 Partial Single Story 40000-50000 23.78 40% 

51579319 1900-1909 1,364 Slab 1.5 story 50000-60000 23.78 40% 

51579320 1970-1979 1,236 Full Split-Level 110000-120000 23.78 30% 

51579321 1900-1909 1,624 Full 1.5 story 60000-70000 23.87 30% 

51579322 1990-1999 1,485 Full Single Story 110000-120000 23.89 30% 

51579323 1990-1999 1,040 Full Other 40000-50000 23.90 30% 

51579324 1980-1989 1,092 Full Single Story 90000-100000 23.96 30% 

51579325 1900-1909 1,012 Partial Single Story 70000-80000 24.01 30% 

51579326 1960-1969 912 Slab Other 30000-40000 24.04 30% 

51579327 1900-1909 784 Slab Single Story 30000-40000 24.08 30% 

51579328 1900-1909 1,204 Full Single Story 100000-110000 24.08 30% 

51579329 1900-1909 1,716 Slab Single Story 70000-80000 24.26 30% 

51579330 1910-1919 963 Full Single Story 60000-70000 24.28 30% 

51579331 1990-1999 1,014 Full Single Story 90000-100000 24.49 30% 

51579332 1900-1909 1,464 Partial Two-story 60000-70000 24.54 30% 

51579333 1950-1959 1,144 Full Single Story 80000-90000 24.58 30% 

51579334 1900-1909 1,801 Partial 1.5 story 70000-80000 24.63 30% 

51579335 2000-2010 1,857 Full Single Story 180000-190000 24.68 30% 

51579336 1900-1909 1,682 Full 1.5 story 70000-80000 24.75 30% 

51579337 1970-1979 1,335 Full Split-Level 110000-120000 24.79 30% 

51579338 1900-1909 1,166 Partial Single Story 50000-60000 24.79 30% 
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51579339 1990-1999 1,040 Full Other 60000-70000 24.82 30% 

51579340 1900-1909 1,022 Partial Single Story 30000-40000 24.85 30% 

51579341 1960-1969 1,008 Slab Single Story 80000-90000 24.95 30% 

51579342 1960-1969 1,176 Full Single Story 100000-110000 24.97 30% 

51579343 1900-1909 2,068 Partial 1.5 story 120000-130000 25.12 30% 

51579344 1900-1909 868 Full Single Story 30000-40000 25.13 30% 

51579345 1900-1909 960 Slab Single Story 40000-50000 25.16 30% 

51579346 1990-1999 1,344 Full Single Story 100000-110000 25.18 30% 

51579347 1900-1909 1,317 Partial 1.5 story 40000-50000 25.25 30% 

51579348 1900-1909 1,435 Partial 1.5 story 70000-80000 25.31 30% 

51579349 1900-1909 1,224 Partial Single Story 120000-130000 25.36 30% 

51579350 1900-1909 1,558 Full Single Story 100000-110000 25.47 30% 

51579351 1900-1909 1,360 Full 1.5 story 50000-60000 25.62 30% 

51579352 1910-1919 1,342 Partial Single Story 70000-80000 25.71 30% 

51579353 1900-1909 1,248 Full 1.5 story 50000-60000 25.73 30% 

51579354 1900-1909 1,116 Full Single Story 30000-40000 25.90 30% 

51579355 1960-1969 960 Full Single Story 80000-90000 25.93 30% 

51579356 1900-1909 1,104 Partial Single Story 40000-50000 26.08 30% 

51579357 1920-1929 1,128 Partial Single Story 60000-70000 26.10 30% 

51579358 1900-1909 1,008 Slab Single Story 70000-80000 26.10 30% 

51579359 1990-1999 1,197 Full Single Story 120000-130000 26.11 30% 

51579360 1900-1909 858 Partial Single Story 40000-50000 26.18 30% 

51579361 1900-1909 1,204 Partial Single Story 40000-50000 26.22 30% 

51579362 Pre 1900 1,204 Partial Single Story 40000-50000 26.22 30% 

51579363 1900-1909 1,114 Partial Single Story 40000-50000 26.29 30% 

51579364 1900-1909 576 Partial Single Story 30000-40000 26.30 30% 

51579365 1900-1909 576 Full Single Story 60000-70000 26.31 30% 

51579366 1900-1909 1,196 Partial 1.5 story 40000-50000 26.35 30% 

51579367 1900-1909 1,248 Partial Single Story 80000-90000 26.47 30% 

51579368 1900-1909 862 Full 1.5 story 30000-40000 26.54 30% 

51579369 1900-1909 1,341 Full Single Story 80000-90000 26.81 30% 

51579370 1960-1969 1,472 Full Single Story 120000-130000 26.86 30% 

51579371 1900-1909 1,516 Partial Single Story 120000-130000 26.88 30% 

51579372 1900-1909 1,028 Partial Single Story 50000-60000 26.94 20% 

51579373 1900-1909 1,376 Slab 1.5 story 60000-70000 27.11 20% 

51579374 1960-1969 1,352 Full Single Story 110000-120000 27.12 20% 

51579375 1900-1909 1,180 Slab Single Story 40000-50000 27.16 20% 

51579376 1900-1909 1,514 Full 1.5 story 90000-100000 27.28 20% 

51579377 1900-1909 2,032 Full Two-story 90000-100000 27.33 20% 

51579378 1970-1979 864 Full Single Story 80000-90000 27.45 20% 

51579379 1900-1909 676 Partial Single Story 50000-60000 27.48 20% 

51579380 1900-1909 814 Partial Single Story 30000-40000 27.49 20% 

51579381 1950-1959 1,064 Full Single Story 90000-100000 27.62 20% 
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51579382 1900-1909 704 Full Single Story 40000-50000 27.69 20% 

51579383 1900-1909 822 Partial Single Story 60000-70000 27.73 20% 

51579384 1950-1959 1,374 Full Single Story 80000-90000 27.75 20% 

51579385 1950-1959 858 Full Single Story 70000-80000 27.92 20% 

51579386 1970-1979 1,320 Full Single Story 100000-110000 28.04 20% 

51579387 1900-1909 624 Partial Single Story 30000-40000 28.05 20% 

51579388 1980-1989 1,578 Partial Single Story 90000-100000 28.08 20% 

51579389 1900-1909 1,184 Full Single Story 70000-80000 28.20 20% 

51579390 1940-1949 1,412 Slab Single Story 60000-70000 28.24 20% 

51579391 Pre 1900 904 Partial Single Story 40000-50000 28.24 20% 

51579392 1900-1909 1,056 Partial Single Story 80000-90000 28.46 20% 

51579393 1900-1909 784 Full Single Story 60000-70000 28.53 20% 

51579394 1970-1979 1,390 Full Single Story 110000-120000 28.55 20% 

51579395 1980-1989 1,120 Partial Single Story 100000-110000 28.69 20% 

51579396 1900-1909 833 Partial Single Story 40000-50000 28.73 20% 

51579397 1900-1909 1,238 Partial 1.5 story 40000-50000 29.18 20% 

51579398 1970-1979 1,328 Full Single Story 140000-150000 29.22 20% 

51579399 1900-1909 1,200 Full Single Story 70000-80000 29.30 20% 

51579400 1970-1979 960 Full Single Story 70000-80000 29.72 20% 

51579401 1900-1909 1,200 Partial Single Story 60000-70000 29.75 20% 

51579402 1910-1919 532 Full Single Story 40000-50000 29.85 20% 

51579403 1970-1979 1,040 Full Split-Level 80000-90000 29.90 20% 

51579404 1960-1969 1,184 Full Single Story 90000-100000 30.02 20% 

51579405 1900-1909 722 Partial Single Story 30000-40000 30.07 20% 

51579406 1900-1909 1,198 Partial 1.5 story 70000-80000 30.14 20% 

51579407 1900-1909 624 Partial Single Story 40000-50000 30.20 20% 

51579408 1970-1979 1,372 Full Single Story 110000-120000 30.27 20% 

51579409 1900-1909 1,232 Partial Single Story 60000-70000 30.36 20% 

51579410 1900-1909 906 Partial 1.5 story 40000-50000 30.37 20% 

51579411 1900-1909 1,352 Partial Single Story 110000-120000 30.95 20% 

51579412 1900-1909 920 Partial Single Story 90000-100000 30.98 20% 

51579413 1900-1909 1,176 Full Single Story 100000-110000 31.10 20% 

51579414 1900-1909 954 Full Single Story 70000-80000 31.15 20% 

51579415 1900-1909 712 Slab Single Story 30000-40000 31.51 20% 

51579416 1900-1909 1,003 Full Single Story 90000-100000 31.53 20% 

51579417 1960-1969 1,169 Full Single Story 80000-90000 31.73 20% 

51579418 1900-1909 728 Full Single Story 40000-50000 31.88 20% 

51579419 1900-1909 1,306 Partial Single Story 30000-40000 31.89 20% 

51579420 1900-1909 864 Partial Single Story 50000-60000 32.08 20% 

51579421 1900-1909 748 Slab Single Story 30000-40000 32.14 20% 

51579422 1970-1979 960 Full Single Story 70000-80000 32.57 20% 

51579423 1970-1979 1,620 Full Single Story 140000-150000 32.63 20% 

51579424 Pre 1900 640 Full Single Story 70000-80000 33.15 20% 
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51579425 1900-1909 576 Full Single Story 60000-70000 33.25 20% 

51579426 1900-1909 784 Partial Single Story 30000-40000 33.26 20% 

51579427 1970-1979 1,004 Slab MblHome 50000-60000 33.28 10% 

51579428 Pre 1900 907 Partial 1.5 story 30000-40000 33.33 10% 

51579429 1970-1979 960 Slab Single Story 50000-60000 33.42 10% 

51579430 1900-1909 1,148 Full 1.5 story 40000-50000 33.59 10% 

51579431 1900-1909 944 Partial Single Story 30000-40000 33.60 10% 

51579432 1990-1999 1,152 Full Single Story 110000-120000 33.82 10% 

51579433 1900-1909 1,164 Partial Single Story 70000-80000 33.91 10% 

51579434 1900-1909 834 Partial Single Story 40000-50000 33.95 10% 

51579435 1900-1909 1,030 Partial Single Story 40000-50000 34.08 10% 

51579436 1900-1909 1,122 Full Single Story 110000-120000 34.18 10% 

51579437 1900-1909 965 Partial 1.5 story 40000-50000 34.29 10% 

51579438 1900-1909 812 Full Single Story 60000-70000 34.37 10% 

51579439 1900-1909 812 Partial Single Story 30000-40000 34.39 10% 

51579440 1900-1909 720 Partial Single Story 40000-50000 34.56 10% 

51579441 1900-1909 1,008 Partial Single Story 70000-80000 34.72 10% 

51579442 1950-1959 1,165 Full Single Story 100000-110000 34.80 10% 

51579443 Pre 1900 748 Partial 1.5 story 30000-40000 34.89 10% 

51579444 1900-1909 1,568 Partial 1.5 story 50000-60000 35.02 10% 

51579445 1900-1909 1,069 Partial Single Story 50000-60000 35.26 10% 

51579446 1970-1979 864 Full Split-Level 80000-90000 35.31 10% 

51579447 1960-1969 1,232 Full Single Story 110000-120000 35.41 10% 

51579448 1900-1909 1,300 Slab Single Story 60000-70000 35.52 10% 

51579449 1970-1979 1,080 Full Split-Level 110000-120000 35.77 10% 

51579450 1900-1909 988 Partial Single Story 80000-90000 35.91 10% 

51579451 1900-1909 871 Full Single Story 30000-40000 35.95 10% 

51579452 1900-1909 1,178 Partial 1.5 story 60000-70000 36.64 10% 

51579453 1900-1909 1,256 Full 1.5 story 60000-70000 36.69 10% 

51579454 1900-1909 810 Partial Single Story 80000-90000 37.11 10% 

51579455 1970-1979 992 Full Single Story 70000-80000 37.12 10% 

51579456 1900-1909 1,024 Partial Single Story 30000-40000 37.54 10% 

51579457 1900-1909 868 Partial Single Story 70000-80000 38.46 10% 

51579458 1950-1959 1,068 Partial Single Story 50000-60000 38.56 10% 

51579459 1900-1909 770 Partial Single Story 30000-40000 39.32 10% 

51579460 1970-1979 1,056 Full Single Story 70000-80000 40.17 10% 

51579461 1900-1909 898 Partial Single Story 60000-70000 40.84 10% 

51579462 1900-1909 1,354 Full 1.5 story 40000-50000 41.06 10% 

51579463 1900-1909 1,032 Full Single Story 60000-70000 42.68 10% 

51579464 1900-1909 916 Full Single Story 60000-70000 43.23 10% 

51579465 1900-1909 616 Partial Single Story 30000-40000 43.80 10% 

51579466 1900-1909 784 Full Single Story 40000-50000 43.83 10% 

51579467 1900-1909 1,026 Partial Single Story 70000-80000 45.59 10% 
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51579468 1980-1989 876 Full Split-Level 100000-110000 45.92 10% 

51579469 1900-1909 1,124 Partial Single Story 40000-50000 47.28 10% 

51579470 1900-1909 2,566 Full Two-story 120000-130000 47.35 10% 

51579471 1900-1909 1,018 Partial Single Story 70000-80000 47.44 10% 

51579472 1910-1919 932 Full Single Story 90000-100000 47.69 10% 

51579473 1900-1909 970 Full Single Story 70000-80000 49.20 10% 

51579474 1900-1909 1,063 Partial Single Story 30000-40000 52.21 10% 

51579475 1900-1909 900 Full Single Story 80000-90000 52.54 10% 

51579476 1900-1909 628 Partial Single Story 30000-40000 52.86 10% 

51579477 1960-1969 936 Full Single Story 80000-90000 53.13 10% 

51579478 1900-1909 794 Partial Single Story 30000-40000 53.75 10% 

51579479 1900-1909 856 Partial Single Story 40000-50000 54.23 10% 

51579480 1950-1959 891 Full Single Story 100000-110000 56.16 10% 

        Average BTU/Sqft/DD 21.75   
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TABLE A.2: Year Built Correlation Table 

Year Built Code BTU/SQFT/DD    

 Coding Reference  

1970-1979 8 4.55  Pre 1900 0 

1900-1909 1 5.09  1900-1909 1 

1920-1929 3 5.64  1910-1919 2 

1970-1979 8 6.48  1920-1929 3 

1900-1909 1 6.66  1930-1939 4 

1950-1959 6 7.48  1940-1949 5 

1900-1909 1 7.77  1950-1959 6 

1970-1979 8 7.99  1960-1969 7 

1900-1909 1 8.07  1970-1979 8 

1900-1909 1 8.20  1980-1989 9 

1900-1909 1 8.20  1990-1999 10 

1990-1999 10 8.24  2000-2010 11 

1970-1979 8 8.79    

1960-1969 7 8.82    

1900-1909 1 8.87    

1990-1999 10 8.89    

1950-1959 6 9.29    

1960-1969 7 9.29    

1950-1959 6 9.50    

1900-1909 1 9.61    

1900-1909 1 9.85    

1900-1909 1 9.94    

1980-1989 9 10.06    

Pre 1900 0 10.11    

1900-1909 1 10.16    

1990-1999 10 10.36    

2000-2010 11 10.36    

1970-1979 8 10.41    

1960-1969 7 10.49    

1910-1919 2 10.53    

1990-1999 10 10.97    

1900-1909 1 10.99    

1900-1909 1 10.99    

1900-1909 1 11.03    

1970-1979 8 11.05    

1920-1929 3 11.15    

1900-1909 1 11.16    

1900-1909 1 11.31    

1900-1909 1 11.55    

1900-1909 1 11.63    
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1970-1979 8 11.64    

1900-1909 1 11.67    

1900-1909 1 11.73    

Pre 1900 0 11.81    

1980-1989 9 11.81    

1900-1909 1 11.86    

1900-1909 1 11.90    

1900-1909 1 11.95    

1900-1909 1 12.04    

1900-1909 1 12.15    

1990-1999 10 12.29    

1980-1989 9 12.30    

1900-1909 1 12.31    

1900-1909 1 12.40    

1900-1909 1 12.41    

1970-1979 8 12.42    

1900-1909 1 12.54    

1990-1999 10 12.57    

1990-1999 10 12.62    

1900-1909 1 12.63    

1900-1909 1 12.72    

1990-1999 10 12.75    

1900-1909 1 12.75    

1900-1909 1 12.76    

1900-1909 1 12.80    

1900-1909 1 12.83    

1900-1909 1 12.87    

1900-1909 1 12.92    

1900-1909 1 12.93    

1920-1929 3 12.96    

1900-1909 1 13.01    

1970-1979 8 13.03    

1960-1969 7 13.12    

1970-1979 8 13.15    

2000-2010 11 13.23    

1970-1979 8 13.35    

1990-1999 10 13.39    

1950-1959 6 13.53    

1900-1909 1 13.54    

1970-1979 8 13.58    

Pre 1900 0 13.64    

1990-1999 10 13.71    

2000-2010 11 13.79    

1990-1999 10 13.96    
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1990-1999 10 14.00    

1990-1999 10 14.01    

1900-1909 1 14.06    

1900-1909 1 14.11    

1900-1909 1 14.15    

1900-1909 1 14.17    

1900-1909 1 14.20    

Pre 1900 0 14.21    

1900-1909 1 14.27    

1900-1909 1 14.42    

1960-1969 7 14.44    

1910-1919 2 14.49    

1990-1999 10 14.50    

1900-1909 1 14.52    

1900-1909 1 14.53    

1980-1989 9 14.62    

1970-1979 8 14.67    

1990-1999 10 14.70    

1920-1929 3 14.74    

1900-1909 1 14.76    

1900-1909 1 14.80    

1900-1909 1 14.84    

1960-1969 7 14.91    

1950-1959 6 14.92    

1970-1979 8 14.94    

1930-1939 4 14.99    

Pre 1900 0 15.00    

1900-1909 1 15.06    

1960-1969 7 15.08    

1900-1909 1 15.11    

2000-2010 11 15.12    

1900-1909 1 15.16    

1900-1909 1 15.21    

1900-1909 1 15.21    

1920-1929 3 15.21    

1960-1969 7 15.33    

1900-1909 1 15.39    

Pre 1900 0 15.43    

1900-1909 1 15.45    

1970-1979 8 15.47    

1990-1999 10 15.52    

1990-1999 10 15.60    

1990-1999 10 15.65    

1900-1909 1 15.67    
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1900-1909 1 15.78    

1900-1909 1 15.78    

1900-1909 1 15.91    

1980-1989 9 15.91    

1970-1979 8 15.94    

1900-1909 1 15.95    

1900-1909 1 15.98    

1900-1909 1 16.00    

1900-1909 1 16.00    

1950-1959 6 16.08    

1950-1959 6 16.09    

1940-1949 5 16.10    

Pre 1900 0 16.11    

1990-1999 10 16.13    

1900-1909 1 16.15    

1900-1909 1 16.17    

1900-1909 1 16.19    

1900-1909 1 16.20    

1950-1959 6 16.25    

1900-1909 1 16.29    

1900-1909 1 16.45    

1900-1909 1 16.49    

1900-1909 1 16.52    

1900-1909 1 16.58    

1980-1989 9 16.58    

1900-1909 1 16.64    

1980-1989 9 16.64    

1920-1929 3 16.65    

1900-1909 1 16.67    

1960-1969 7 16.68    

1970-1979 8 16.86    

1970-1979 8 16.87    

1920-1929 3 16.94    

1960-1969 7 16.96    

1980-1989 9 17.01    

1940-1949 5 17.06    

1900-1909 1 17.07    

1900-1909 1 17.10    

1970-1979 8 17.13    

Pre 1900 0 17.22    

1900-1909 1 17.30    

1970-1979 8 17.30    

1900-1909 1 17.33    

1900-1909 1 17.43    



113 
 

1900-1909 1 17.46    

1970-1979 8 17.56    

1960-1969 7 17.58    

1960-1969 7 17.60    

1900-1909 1 17.61    

1970-1979 8 17.67    

1960-1969 7 17.85    

1900-1909 1 17.93    

1960-1969 7 17.95    

1960-1969 7 17.96    

1960-1969 7 18.02    

1900-1909 1 18.03    

1970-1979 8 18.07    

1900-1909 1 18.09    

1900-1909 1 18.14    

1920-1929 3 18.15    

1900-1909 1 18.21    

1950-1959 6 18.23    

1900-1909 1 18.25    

1900-1909 1 18.28    

1900-1909 1 18.30    

1970-1979 8 18.32    

1970-1979 8 18.33    

1950-1959 6 18.35    

1990-1999 10 18.36    

1970-1979 8 18.43    

1950-1959 6 18.52    

1980-1989 9 18.53    

1900-1909 1 18.59    

1900-1909 1 18.65    

1970-1979 8 18.70    

1960-1969 7 18.70    

1970-1979 8 18.74    

1970-1979 8 18.80    

1900-1909 1 18.82    

1970-1979 8 18.84    

1900-1909 1 18.91    

1900-1909 1 18.92    

1970-1979 8 18.95    

1970-1979 8 18.98    

1900-1909 1 18.99    

1900-1909 1 19.03    

1930-1939 4 19.05    

1990-1999 10 19.08    



114 
 

2000-2010 11 19.12    

1980-1989 9 19.12    

1900-1909 1 19.30    

1990-1999 10 19.34    

1900-1909 1 19.35    

1900-1909 1 19.38    

1980-1989 9 19.47    

1910-1919 2 19.47    

1960-1969 7 19.60    

1900-1909 1 19.64    

1900-1909 1 19.73    

1960-1969 7 19.84    

1900-1909 1 19.84    

1900-1909 1 19.91    

1900-1909 1 19.95    

1910-1919 2 20.05    

1900-1909 1 20.07    

1900-1909 1 20.08    

1900-1909 1 20.14    

1900-1909 1 20.15    

1980-1989 9 20.15    

1910-1919 2 20.18    

1950-1959 6 20.19    

1900-1909 1 20.29    

1970-1979 8 20.36    

1940-1949 5 20.38    

1900-1909 1 20.42    

1980-1989 9 20.43    

1900-1909 1 20.57    

1960-1969 7 20.60    

1900-1909 1 20.65    

1960-1969 7 20.67    

1950-1959 6 20.72    

1900-1909 1 20.72    

1950-1959 6 20.74    

1900-1909 1 20.87    

1900-1909 1 20.95    

1900-1909 1 21.04    

1900-1909 1 21.10    

1900-1909 1 21.11    

1960-1969 7 21.12    

1970-1979 8 21.25    

1900-1909 1 21.27    

Pre 1900 0 21.29    



115 
 

1900-1909 1 21.35    

1900-1909 1 21.37    

1900-1909 1 21.39    

1970-1979 8 21.42    

1970-1979 8 21.48    

1900-1909 1 21.53    

1990-1999 10 21.57    

1900-1909 1 21.58    

1960-1969 7 21.60    

1900-1909 1 21.63    

1900-1909 1 21.66    

1900-1909 1 21.67    

1900-1909 1 21.81    

1920-1929 3 21.83    

1900-1909 1 21.84    

1900-1909 1 21.85    

1900-1909 1 21.88    

1910-1919 2 21.99    

Pre 1900 0 22.05    

1900-1909 1 22.07    

1900-1909 1 22.20    

1900-1909 1 22.20    

1910-1919 2 22.21    

1900-1909 1 22.21    

1990-1999 10 22.24    

1990-1999 10 22.28    

1900-1909 1 22.29    

1970-1979 8 22.33    

1900-1909 1 22.36    

1900-1909 1 22.39    

1900-1909 1 22.39    

1970-1979 8 22.39    

1970-1979 8 22.40    

1900-1909 1 22.40    

1950-1959 6 22.53    

1900-1909 1 22.53    

1900-1909 1 22.54    

1900-1909 1 22.59    

1900-1909 1 22.59    

1970-1979 8 22.65    

1930-1939 4 22.74    

1900-1909 1 22.74    

1950-1959 6 22.90    

1970-1979 8 22.98    
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1900-1909 1 23.06    

1900-1909 1 23.06    

1960-1969 7 23.12    

1900-1909 1 23.20    

1900-1909 1 23.45    

1900-1909 1 23.49    

1900-1909 1 23.49    

1900-1909 1 23.52    

1970-1979 8 23.55    

1900-1909 1 23.59    

1970-1979 8 23.68    

1900-1909 1 23.69    

1910-1919 2 23.70    

1900-1909 1 23.78    

1900-1909 1 23.78    

1970-1979 8 23.78    

1900-1909 1 23.87    

1990-1999 10 23.89    

1990-1999 10 23.90    

1980-1989 9 23.96    

1900-1909 1 24.01    

1960-1969 7 24.04    

1900-1909 1 24.08    

1900-1909 1 24.08    

1900-1909 1 24.26    

1910-1919 2 24.28    

1990-1999 10 24.49    

1900-1909 1 24.54    

1950-1959 6 24.58    

1900-1909 1 24.63    

2000-2010 11 24.68    

1900-1909 1 24.75    

1970-1979 8 24.79    

1900-1909 1 24.79    

1990-1999 10 24.82    

1900-1909 1 24.85    

1960-1969 7 24.95    

1960-1969 7 24.97    

1900-1909 1 25.12    

1900-1909 1 25.13    

1900-1909 1 25.16    

1990-1999 10 25.18    

1900-1909 1 25.25    

1900-1909 1 25.31    
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1900-1909 1 25.36    

1900-1909 1 25.47    

1900-1909 1 25.62    

1910-1919 2 25.71    

1900-1909 1 25.73    

1900-1909 1 25.90    

1960-1969 7 25.93    

1900-1909 1 26.08    

1920-1929 3 26.10    

1900-1909 1 26.10    

1990-1999 10 26.11    

1900-1909 1 26.18    

1900-1909 1 26.22    

Pre 1900 0 26.22    

1900-1909 1 26.29    

1900-1909 1 26.30    

1900-1909 1 26.31    

1900-1909 1 26.35    

1900-1909 1 26.47    

1900-1909 1 26.54    

1900-1909 1 26.81    

1960-1969 7 26.86    

1900-1909 1 26.88    

1900-1909 1 26.94    

1900-1909 1 27.11    

1960-1969 7 27.12    

1900-1909 1 27.16    

1900-1909 1 27.28    

1900-1909 1 27.33    

1970-1979 8 27.45    

1900-1909 1 27.48    

1900-1909 1 27.49    

1950-1959 6 27.62    

1900-1909 1 27.69    

1900-1909 1 27.73    

1950-1959 6 27.75    

1950-1959 6 27.92    

1970-1979 8 28.04    

1900-1909 1 28.05    

1980-1989 9 28.08    

1900-1909 1 28.20    

1940-1949 5 28.24    

Pre 1900 0 28.24    

1900-1909 1 28.46    
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1900-1909 1 28.53    

1970-1979 8 28.55    

1980-1989 9 28.69    

1900-1909 1 28.73    

1900-1909 1 29.18    

1970-1979 8 29.22    

1900-1909 1 29.30    

1970-1979 8 29.72    

1900-1909 1 29.75    

1910-1919 2 29.85    

1970-1979 8 29.90    

1960-1969 7 30.02    

1900-1909 1 30.07    

1900-1909 1 30.14    

1900-1909 1 30.20    

1970-1979 8 30.27    

1900-1909 1 30.36    

1900-1909 1 30.37    

1900-1909 1 30.95    

1900-1909 1 30.98    

1900-1909 1 31.10    

1900-1909 1 31.15    

1900-1909 1 31.51    

1900-1909 1 31.53    

1960-1969 7 31.73    

1900-1909 1 31.88    

1900-1909 1 31.89    

1900-1909 1 32.08    

1900-1909 1 32.14    

1970-1979 8 32.57    

1970-1979 8 32.63    

Pre 1900 0 33.15    

1900-1909 1 33.25    

1900-1909 1 33.26    

1970-1979 8 33.28    

Pre 1900 0 33.33    

1970-1979 8 33.42    

1900-1909 1 33.59    

1900-1909 1 33.60    

1990-1999 10 33.82    

1900-1909 1 33.91    

1900-1909 1 33.95    

1900-1909 1 34.08    

1900-1909 1 34.18    
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1900-1909 1 34.29    

1900-1909 1 34.37    

1900-1909 1 34.39    

1900-1909 1 34.56    

1900-1909 1 34.72    

1950-1959 6 34.80    

Pre 1900 0 34.89    

1900-1909 1 35.02    

1900-1909 1 35.26    

1970-1979 8 35.31    

1960-1969 7 35.41    

1900-1909 1 35.52    

1970-1979 8 35.77    

1900-1909 1 35.91    

1900-1909 1 35.95    

1900-1909 1 36.64    

1900-1909 1 36.69    

1900-1909 1 37.11    

1970-1979 8 37.12    

1900-1909 1 37.54    

1900-1909 1 38.46    

1950-1959 6 38.56    

1900-1909 1 39.32    

1970-1979 8 40.17    

1900-1909 1 40.84    

1900-1909 1 41.06    

1900-1909 1 42.68    

1900-1909 1 43.23    

1900-1909 1 43.80    

1900-1909 1 43.83    

1900-1909 1 45.59    

1980-1989 9 45.92    

1900-1909 1 47.28    

1900-1909 1 47.35    

1900-1909 1 47.44    

1910-1919 2 47.69    

1900-1909 1 49.20    

1900-1909 1 52.21    

1900-1909 1 52.54    

1900-1909 1 52.86    

1960-1969 7 53.13    

1900-1909 1 53.75    

1900-1909 1 54.23    

1950-1959 6 56.16    
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TABLE A.3: House Style Correlation Table 

 

Style Code BTU/SQFT/DD    

  Code Reference  

Single Story 1 4.55  Single Story 1 

Two-story 3 5.09  1.5 story 2 

Single Story 1 5.64  Two-story 3 

Single Story 1 6.48  Split-Level 4 

Single Story 1 6.66  Mobile Home 5 

Single Story 1 7.48  Other 6 

1.5 story 2 7.77    

Single Story 1 7.99    

Single Story 1 8.07    

Single Story 1 8.20    

1.5 story 2 8.20    

Single Story 1 8.24    

Single Story 1 8.79    

Single Story 1 8.82    

1.5 story 2 8.87    

Single Story 1 8.89    

Single Story 1 9.29    

Single Story 1 9.29    

Single Story 1 9.50    

Single Story 1 9.61    

Single Story 1 9.85    

1.5 story 2 9.94    

Single Story 1 10.06    

Single Story 1 10.11    

Single Story 1 10.16    

Single Story 1 10.36    

Two-Story 3 10.36    

Single Story 1 10.41    

Single Story 1 10.49    

Single Story 1 10.53    

Single Story 1 10.97    

Two-story 3 10.99    

1.5 story 2 10.99    

Single Story 1 11.03    

Single Story 1 11.05    

Single Story 1 11.15    

1.5 story 2 11.16    

Single Story 1 11.31    

Single Story 1 11.55    

Single Story 1 11.63    
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Single Story 1 11.64    

Two-story 3 11.67    

Two-story 3 11.73    

Two-story 3 11.81    

1.5 story 2 11.81    

Single Story 1 11.86    

Two-story 3 11.90    

Single Story 1 11.95    

Single Story 1 12.04    

Single Story 1 12.15    

Single Story 1 12.29    

Single Story 1 12.30    

Single Story 1 12.31    

Single Story 1 12.40    

1.5 story 2 12.41    

Split-Level 4 12.42    

1.5 story 2 12.54    

Single Story 1 12.57    

Single Story 1 12.62    

1.5 story 2 12.63    

Single Story 1 12.72    

Mobile Home 5 12.75    

1.5 story 2 12.75    

1.5 story 2 12.76    

Single Story 1 12.80    

1.5 story 2 12.83    

Single Story 1 12.87    

1.5 story 2 12.92    

Single Story 1 12.93    

Single Story 1 12.96    

Single Story 1 13.01    

Single Story 1 13.03    

Single Story 1 13.12    

Single Story 1 13.15    

Single Story 1 13.23    

Two-story 3 13.35    

Single Story 1 13.39    

Single Story 1 13.53    

1.5 story 2 13.54    

Single Story 1 13.58    

1.5 story 2 13.64    

Single Story 1 13.71    

1.5 story 2 13.79    

Single Story 1 13.96    
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Two-story 3 14.00    

1.5 story 2 14.01    

Single Story 1 14.06    

1.5 story 2 14.11    

1.5 story 2 14.15    

Single Story 1 14.17    

1.5 story 2 14.20    

1.5 story 2 14.21    

1.5 story 2 14.27    

Single Story 1 14.42    

Single Story 1 14.44    

Two-story 3 14.49    

Single Story 1 14.50    

Single Story 1 14.52    

Single Story 1 14.53    

Single Story 1 14.62    

Single Story 1 14.67    

Single Story 1 14.70    

Two-story 3 14.74    

1.5 story 2 14.76    

Single Story 1 14.80    

1.5 story 2 14.84    

Single Story 1 14.91    

Single Story 1 14.92    

Single Story 1 14.94    

Single Story 1 14.99    

Single Story 1 15.00    

Single Story 1 15.06    

Single Story 1 15.08    

1.5 story 2 15.11    

Single Story 1 15.12    

Single Story 1 15.16    

Single Story 1 15.21    

1.5 story 2 15.21    

Single Story 1 15.21    

Single Story 1 15.33    

Single Story 1 15.39    

Single Story 1 15.43    

1.5 story 2 15.45    

Single Story 1 15.47    

Single Story 1 15.52    

Single Story 1 15.60    

Single Story 1 15.65    

1.5 story 2 15.67    
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Single Story 1 15.78    

Single Story 1 15.78    

Single Story 1 15.91    

Single Story 1 15.91    

Two-story 3 15.94    

Single Story 1 15.95    

1.5 story 2 15.98    

Single Story 1 16.00    

Two-story 3 16.00    

Single Story 1 16.08    

Single Story 1 16.09    

1.5 story 2 16.10    

Two-story 3 16.11    

Single Story 1 16.13    

1.5 story 2 16.15    

Single Story 1 16.17    

Single Story 1 16.19    

Single Story 1 16.20    

Single Story 1 16.25    

Single Story 1 16.29    

1.5 story 2 16.45    

Single Story 1 16.49    

Single Story 1 16.52    

1.5 story 2 16.58    

Single Story 1 16.58    

Two-story 3 16.64    

Single Story 1 16.64    

Single Story 1 16.65    

1.5 story 2 16.67    

Single Story 1 16.68    

Two-story 3 16.86    

Two-story 3 16.87    

Single Story 1 16.94    

Single Story 1 16.96    

Single Story 1 17.01    

Single Story 1 17.06    

Single Story 1 17.07    

Two-story 3 17.10    

Single Story 1 17.13    

Two-story 3 17.22    

Single Story 1 17.30    

Single Story 1 17.30    

1.5 story 2 17.33    

Single Story 1 17.43    
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Two-story 3 17.46    

Single Story 1 17.56    

Single Story 1 17.58    

Single Story 1 17.60    

1.5 story 2 17.61    

Single Story 1 17.67    

Single Story 1 17.85    

Two-story 3 17.93    

Single Story 1 17.95    

Single Story 1 17.96    

Single Story 1 18.02    

1.5 story 2 18.03    

Single Story 1 18.07    

Two-story 3 18.09    

Single Story 1 18.14    

Two-story 3 18.15    

1.5 story 2 18.21    

Single Story 1 18.23    

Single Story 1 18.25    

Two-story 3 18.28    

1.5 story 2 18.30    

Single Story 1 18.32    

Single Story 1 18.33    

Single Story 1 18.35    

Single Story 1 18.36    

Two-story 3 18.43    

Single Story 1 18.52    

Single Story 1 18.53    

Single Story 1 18.59    

1.5 story 2 18.65    

Single Story 1 18.70    

Single Story 1 18.70    

Single Story 1 18.74    

Single Story 1 18.80    

1.5 story 2 18.82    

Single Story 1 18.84    

Single Story 1 18.91    

Single Story 1 18.92    

Single Story 1 18.95    

Single Story 1 18.98    

1.5 story 2 18.99    

Single Story 1 19.03    

Single Story 1 19.05    

Single Story 1 19.08    
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Single Story 1 19.12    

Single Story 1 19.12    

1.5 story 2 19.30    

Single Story 1 19.34    

Single Story 1 19.35    

Single Story 1 19.38    

Single Story 1 19.47    

Single Story 1 19.47    

Single Story 1 19.60    

1.5 story 2 19.64    

Single Story 1 19.73    

Single Story 1 19.84    

Single Story 1 19.84    

Single Story 1 19.91    

Single Story 1 19.95    

Single Story 1 20.05    

Single Story 1 20.07    

Single Story 1 20.08    

1.5 story 2 20.14    

Single Story 1 20.15    

Single Story 1 20.15    

Two-story 3 20.18    

1.5 story 2 20.19    

Single Story 1 20.29    

Single Story 1 20.36    

Single Story 1 20.38    

Single Story 1 20.42    

Single Story 1 20.43    

1.5 story 2 20.57    

Single Story 1 20.60    

Single Story 1 20.65    

Single Story 1 20.67    

Single Story 1 20.72    

Single Story 1 20.72    

Single Story 1 20.74    

Single Story 1 20.87    

Single Story 1 20.95    

Single Story 1 21.04    

1.5 story 2 21.10    

Single Story 1 21.11    

Single Story 1 21.12    

Single Story 1 21.25    

Single Story 1 21.27    

Single Story 1 21.29    
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Two-story 3 21.35    

Single Story 1 21.37    

Single Story 1 21.39    

1.5 story 2 21.42    

Split-Level 4 21.48    

Single Story 1 21.53    

Single Story 1 21.57    

Single Story 1 21.58    

Single Story 1 21.60    

1.5 story 2 21.63    

Single Story 1 21.66    

1.5 story 2 21.67    

Single Story 1 21.81    

Single Story 1 21.83    

1.5 story 2 21.84    

Single Story 1 21.85    

Single Story 1 21.88    

Single Story 1 21.99    

Single Story 1 22.05    

Single Story 1 22.07    

Single Story 1 22.20    

Single Story 1 22.20    

Single Story 1 22.21    

1.5 story 2 22.21    

Single Story 1 22.24    

Single Story 1 22.28    

1.5 story 2 22.29    

Two-story 3 22.33    

Single Story 1 22.36    

Single Story 1 22.39    

Single Story 1 22.39    

Single Story 1 22.39    

Single Story 1 22.40    

Single Story 1 22.40    

Single Story 1 22.53    

Single Story 1 22.53    

1.5 story 2 22.54    

Single Story 1 22.59    

Single Story 1 22.59    

1.5 story 2 22.65    

Single Story 1 22.74    

1.5 story 2 22.74    

Single Story 1 22.90    

Single Story 1 22.98    
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Single Story 1 23.06    

1.5 story 2 23.06    

Single Story 1 23.12    

Single Story 1 23.20    

1.5 story 2 23.45    

Single Story 1 23.49    

Single Story 1 23.49    

Single Story 1 23.52    

Single Story 1 23.55    

Single Story 1 23.59    

Single Story 1 23.68    

1.5 story 2 23.69    

Single Story 1 23.70    

Single Story 1 23.78    

1.5 story 2 23.78    

Split-Level 4 23.78    

1.5 story 2 23.87    

Single Story 1 23.89    

Other 6 23.90    

Single Story 1 23.96    

Single Story 1 24.01    

Other 6 24.04    

Single Story 1 24.08    

Single Story 1 24.08    

Single Story 1 24.26    

Single Story 1 24.28    

Single Story 1 24.49    

Two-story 3 24.54    

Single Story 1 24.58    

1.5 story 2 24.63    

Single Story 1 24.68    

1.5 story 2 24.75    

Split-Level 4 24.79    

Single Story 1 24.79    

Other 6 24.82    

Single Story 1 24.85    

Single Story 1 24.95    

Single Story 1 24.97    

1.5 story 2 25.12    

Single Story 1 25.13    

Single Story 1 25.16    

Single Story 1 25.18    

1.5 story 2 25.25    

1.5 story 2 25.31    
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Single Story 1 25.36    

Single Story 1 25.47    

1.5 story 2 25.62    

Single Story 1 25.71    

1.5 story 2 25.73    

Single Story 1 25.90    

Single Story 1 25.93    

Single Story 1 26.08    

Single Story 1 26.10    

Single Story 1 26.10    

Single Story 1 26.11    

Single Story 1 26.18    

Single Story 1 26.22    

Single Story 1 26.22    

Single Story 1 26.29    

Single Story 1 26.30    

Single Story 1 26.31    

1.5 story 2 26.35    

Single Story 1 26.47    

1.5 story 2 26.54    

Single Story 1 26.81    

Single Story 1 26.86    

Single Story 1 26.88    

Single Story 1 26.94    

1.5 story 2 27.11    

Single Story 1 27.12    

Single Story 1 27.16    

1.5 story 2 27.28    

Two-story 3 27.33    

Single Story 1 27.45    

Single Story 1 27.48    

Single Story 1 27.49    

Single Story 1 27.62    

Single Story 1 27.69    

Single Story 1 27.73    

Single Story 1 27.75    

Single Story 1 27.92    

Single Story 1 28.04    

Single Story 1 28.05    

Single Story 1 28.08    

Single Story 1 28.20    

Single Story 1 28.24    

Single Story 1 28.24    

Single Story 1 28.46    
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Single Story 1 28.53    

Single Story 1 28.55    

Single Story 1 28.69    

Single Story 1 28.73    

1.5 story 2 29.18    

Single Story 1 29.22    

Single Story 1 29.30    

Single Story 1 29.72    

Single Story 1 29.75    

Single Story 1 29.85    

Split-Level 4 29.90    

Single Story 1 30.02    

Single Story 1 30.07    

1.5 story 2 30.14    

Single Story 1 30.20    

Single Story 1 30.27    

Single Story 1 30.36    

1.5 story 2 30.37    

Single Story 1 30.95    

Single Story 1 30.98    

Single Story 1 31.10    

Single Story 1 31.15    

Single Story 1 31.51    

Single Story 1 31.53    

Single Story 1 31.73    

Single Story 1 31.88    

Single Story 1 31.89    

Single Story 1 32.08    

Single Story 1 32.14    

Single Story 1 32.57    

Single Story 1 32.63    

Single Story 1 33.15    

Single Story 1 33.25    

Single Story 1 33.26    

Mobile Home 5 33.28    

1.5 story 2 33.33    

Single Story 1 33.42    

1.5 story 2 33.59    

Single Story 1 33.60    

Single Story 1 33.82    

Single Story 1 33.91    

Single Story 1 33.95    

Single Story 1 34.08    

Single Story 1 34.18    
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1.5 story 2 34.29    

Single Story 1 34.37    

Single Story 1 34.39    

Single Story 1 34.56    

Single Story 1 34.72    

Single Story 1 34.80    

1.5 story 2 34.89    

1.5 story 2 35.02    

Single Story 1 35.26    

Split-Level 4 35.31    

Single Story 1 35.41    

Single Story 1 35.52    

Split-Level 4 35.77    

Single Story 1 35.91    

Single Story 1 35.95    

1.5 story 2 36.64    

1.5 story 2 36.69    

Single Story 1 37.11    

Single Story 1 37.12    

Single Story 1 37.54    

Single Story 1 38.46    

Single Story 1 38.56    

Single Story 1 39.32    

Single Story 1 40.17    

Single Story 1 40.84    

1.5 story 2 41.06    

Single Story 1 42.68    

Single Story 1 43.23    

Single Story 1 43.80    

Single Story 1 43.83    

Single Story 1 45.59    

Split-Level 4 45.92    

Single Story 1 47.28    

Two-story 3 47.35    

Single Story 1 47.44    

Single Story 1 47.69    

Single Story 1 49.20    

Single Story 1 52.21    

Single Story 1 52.54    

Single Story 1 52.86    

Single Story 1 53.13    

Single Story 1 53.75    

Single Story 1 54.23    

Single Story 1 56.16    
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TABLE A.4: House Condition Correlation Table 

 

Condition Code BTU/SQFT/DD     

     

Good 4 4.55   Code Reference  

Average 3 5.09   Very Poor 1 

Poor 2 5.64   Poor 2 

Good 4 6.48   Average 3 

Average 3 6.66   Good 4 

Very Good 5 7.48   Very Good 5 

Average 3 7.77   Excellent 6 

Very Good 5 7.99     

Good 4 8.07     

Poor 2 8.20     

Very Good 5 8.20     

Very Good 5 8.24     

Poor 2 8.79     

Average 3 8.82     

Poor 2 8.87     

Excellent 6 8.89     

Average 3 9.29     

Good 4 9.29     

Very Good 5 9.50     

Very Good 5 9.61     

Poor 2 9.85     

Good 4 9.94     

Poor 2 10.06     

Good 4 10.11     

Very Good 5 10.16     

Excellent 6 10.36     

Excellent 6 10.36     

Average 3 10.41     

Average 3 10.49     

Very Good 5 10.53     

Very Good 5 10.97     

Good 4 10.99     

Poor 2 10.99     

Poor 2 11.03     

Average 3 11.05     

Very Good 5 11.15     

Poor 2 11.16     

Excellent 6 11.31     

Good 4 11.55     

Very Good 5 11.63     



132 
 

Poor 2 11.64     

Good 4 11.67     

Average 3 11.73     

Average 3 11.81     

Excellent 6 11.81     

Poor 2 11.86     

Average 3 11.90     

Poor 2 11.95     

Very Good 5 12.04     

Poor 2 12.15     

Excellent 6 12.29     

Very Good 5 12.30     

Poor 2 12.31     

Very Good 5 12.40     

Good 4 12.41     

Average 3 12.42     

Poor 2 12.54     

Excellent 6 12.57     

Excellent 6 12.62     

Good 4 12.63     

Very Good 5 12.72     

Average 3 12.75     

Average 3 12.75     

Average 3 12.76     

Very Good 5 12.80     

Poor 2 12.83     

Very Good 5 12.87     

Good 4 12.92     

Average 3 12.93     

Very Good 5 12.96     

Good 4 13.01     

Very Good 5 13.03     

Good 4 13.12     

Average 3 13.15     

Excellent 6 13.23     

Very Good 5 13.35     

Average 3 13.39     

Good 4 13.53     

Average 3 13.54     

Very Good 5 13.58     

Poor 2 13.64     

Good 4 13.71     

Excellent 6 13.79     

Excellent 6 13.96     
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Excellent 6 14.00     

Excellent 6 14.01     

Good 4 14.06     

Good 4 14.11     

Excellent 6 14.15     

Poor 2 14.17     

Poor 2 14.20     

Poor 2 14.21     

Good 4 14.27     

Very Poor 1 14.42     

Poor 2 14.44     

Very Good 5 14.49     

Excellent 6 14.50     

Good 4 14.52     

Average 3 14.53     

Average 3 14.62     

Average 3 14.67     

Excellent 6 14.70     

Average 3 14.74     

Excellent 6 14.76     

Good 4 14.80     

Very Poor 1 14.84     

Very Good 5 14.91     

Poor 2 14.92     

Average 3 14.94     

Very Good 5 14.99     

Poor 2 15.00     

Excellent 6 15.06     

Very Good 5 15.08     

Very Good 5 15.11     

Excellent 6 15.12     

Good 4 15.16     

Average 3 15.21     

Poor 2 15.21     

Very Good 5 15.21     

Very Good 5 15.33     

Average 3 15.39     

Poor 2 15.43     

Poor 2 15.45     

Good 4 15.47     

Excellent 6 15.52     

Very Good 5 15.60     

Excellent 6 15.65     

Average 3 15.67     
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Good 4 15.78     

Poor 2 15.78     

Average 3 15.91     

Very Good 5 15.91     

Very Good 5 15.94     

Average 3 15.95     

Poor 2 15.98     

Excellent 6 16.00     

Good 4 16.00     

Good 4 16.08     

Average 3 16.09     

Good 4 16.10     

Average 3 16.11     

Excellent 6 16.13     

Poor 2 16.15     

Very Good 5 16.17     

Good 4 16.19     

Very Good 5 16.20     

Very Good 5 16.25     

Average 3 16.29     

Average 3 16.45     

Excellent 6 16.49     

Good 4 16.52     

Average 3 16.58     

Good 4 16.58     

Poor 2 16.64     

Very Good 5 16.64     

Very Good 5 16.65     

Poor 2 16.67     

Good 4 16.68     

Good 4 16.86     

Good 4 16.87     

Good 4 16.94     

Average 3 16.96     

Very Good 5 17.01     

Good 4 17.06     

Average 3 17.07     

Good 4 17.10     

Average 3 17.13     

Average 3 17.22     

Average 3 17.30     

Poor 2 17.30     

Poor 2 17.33     

Good 4 17.43     
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Poor 2 17.46     

Average 3 17.56     

Average 3 17.58     

Very Good 5 17.60     

Good 4 17.61     

Very Good 5 17.67     

Good 4 17.85     

Poor 2 17.93     

Very Good 5 17.95     

Average 3 17.96     

Very Good 5 18.02     

Very Good 5 18.03     

Average 3 18.07     

Poor 2 18.09     

Very Good 5 18.14     

Average 3 18.15     

Average 3 18.21     

Good 4 18.23     

Average 3 18.25     

Average 3 18.28     

Average 3 18.30     

Very Good 5 18.32     

Very Good 5 18.33     

Poor 2 18.35     

Excellent 6 18.36     

Average 3 18.43     

Good 4 18.52     

Very Good 5 18.53     

Poor 2 18.59     

Good 4 18.65     

Average 3 18.70     

Very Good 4 18.70     

Poor 2 18.74     

Average 3 18.80     

Poor 2 18.82     

Average 3 18.84     

Poor 2 18.91     

Average 3 18.92     

Very Good 5 18.95     

Good 4 18.98     

Good 4 18.99     

Very Good 5 19.03     

Good 4 19.05     

Excellent 6 19.08     
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Excellent 6 19.12     

Excellent 6 19.12     

Very Good 5 19.30     

Poor 2 19.34     

Poor 2 19.35     

Good 4 19.38     

Average 3 19.47     

Average 3 19.47     

Very Good 5 19.60     

Very Poor 1 19.64     

Average 3 19.73     

Average 3 19.84     

Poor 2 19.84     

Poor 2 19.91     

Poor 2 19.95     

Average 3 20.05     

Average 3 20.07     

Very Good 5 20.08     

Good 4 20.14     

Average 3 20.15     

Excellent 6 20.15     

Average 3 20.18     

Poor 2 20.19     

Average 3 20.29     

Poor 2 20.36     

Average 3 20.38     

Poor 2 20.42     

Average 3 20.43     

Good 4 20.57     

Good 4 20.60     

Poor 2 20.65     

Very Good 5 20.67     

Good 4 20.72     

Poor 2 20.72     

Good 4 20.74     

Poor 2 20.87     

Very Poor 1 20.95     

Average 3 21.04     

Average 3 21.10     

Average 3 21.11     

Average 3 21.12     

Average 3 21.25     

Good 4 21.27     

Average 3 21.29     
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Poor 2 21.35     

Poor 2 21.37     

Poor 2 21.39     

Poor 2 21.42     

Average 3 21.48     

Good 4 21.53     

Good 4 21.57     

Very Good 5 21.58     

Very Good 5 21.60     

Average 3 21.63     

Excellent 6 21.66     

Average 3 21.67     

Poor 2 21.81     

Very Good 5 21.83     

Very Good 5 21.84     

Good 4 21.85     

Poor 2 21.88     

Poor 2 21.99     

Average 3 22.05     

Poor 2 22.07     

Average 3 22.20     

Good 4 22.20     

Average 3 22.21     

Good 4 22.21     

Excellent 6 22.24     

Average 3 22.28     

Very Good 5 22.29     

Good 4 22.33     

Very Good 5 22.36     

Poor 2 22.39     

Poor 2 22.39     

Very Good 4 22.39     

Poor 2 22.40     

Very Poor 1 22.40     

Average 3 22.53     

Poor 2 22.53     

Good 4 22.54     

Average 3 22.59     

Good 4 22.59     

Average 3 22.65     

Average 3 22.74     

Poor 2 22.74     

Very Good 5 22.90     

Average 3 22.98     
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Poor 2 23.06     

Poor 2 23.06     

Average 3 23.12     

Very Good 5 23.20     

Average 3 23.45     

Average 3 23.49     

Very Good 5 23.49     

Average 3 23.52     

Poor 2 23.55     

Very Good 5 23.59     

Very Good 5 23.68     

Poor 2 23.69     

Average 3 23.70     

Average 3 23.78     

Average 3 23.78     

Very Good 5 23.78     

Average 3 23.87     

Excellent 6 23.89     

Average 3 23.90     

Good 4 23.96     

Good 4 24.01     

Average 3 24.04     

Poor 2 24.08     

Very Good 5 24.08     

Average 3 24.26     

Poor 2 24.28     

Very Good 5 24.49     

Average 3 24.54     

Average 3 24.58     

Poor 2 24.63     

Excellent 6 24.68     

Average 3 24.75     

Good 4 24.79     

Poor 2 24.79     

Average 3 24.82     

Poor 2 24.85     

Very Good 5 24.95     

Very Good 5 24.97     

Good 4 25.12     

Average 3 25.13     

Average 3 25.16     

Excellent 6 25.18     

Average 3 25.25     

Poor 2 25.31     
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Very Good 5 25.36     

Excellent 6 25.47     

Average 3 25.62     

Good 4 25.71     

Average 3 25.73     

Poor 2 25.90     

Good 4 25.93     

Poor 2 26.08     

Average 3 26.10     

Average 3 26.10     

Excellent 6 26.11     

Average 3 26.18     

Good 4 26.22     

Good 4 26.22     

Poor 2 26.29     

Average 3 26.30     

Average 3 26.31     

Good 4 26.35     

Very Good 5 26.47     

Poor 2 26.54     

Very Good 5 26.81     

Good 4 26.86     

Average 3 26.88     

Poor 2 26.94     

Good 4 27.11     

Good 4 27.12     

Poor 2 27.16     

Good 4 27.28     

Average 3 27.33     

Good 4 27.45     

Good 4 27.48     

Poor 2 27.49     

Very Good 5 27.62     

Poor 2 27.69     

Average 3 27.73     

Average 3 27.75     

Good 4 27.92     

Very Good 5 28.04     

Poor 2 28.05     

Average 3 28.08     

Very Good 5 28.20     

Average 3 28.24     

Poor 2 28.24     

Average 3 28.46     
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Average 3 28.53     

Very Good 5 28.55     

Average 3 28.69     

Poor 2 28.73     

Average 3 29.18     

Very Good 5 29.22     

Very Good 5 29.30     

Average 3 29.72     

Good 4 29.75     

Average 3 29.85     

Average 3 29.90     

Very Good 5 30.02     

Poor 2 30.07     

Average 3 30.14     

Poor 2 30.20     

Average 3 30.27     

Good 4 30.36     

Poor 2 30.37     

Very Good 5 30.95     

Average 3 30.98     

Excellent 6 31.10     

Very Good 5 31.15     

Good 4 31.51     

Excellent 6 31.53     

Good 4 31.73     

Poor 2 31.88     

Poor 2 31.89     

Average 3 32.08     

Poor 2 32.14     

Very Good 5 32.57     

Very Good 5 32.63     

Good 4 33.15     

Very Good 5 33.25     

Poor 2 33.26     

Average 3 33.28     

Poor 2 33.33     

Poor 2 33.42     

Poor 2 33.59     

Poor 2 33.60     

Average 3 33.82     

Good 4 33.91     

Poor 2 33.95     

Poor 2 34.08     

Excellent 6 34.18     



141 
 

Poor 2 34.29     

Average 3 34.37     

Poor 2 34.39     

Poor 2 34.56     

Good 4 34.72     

Good 4 34.80     

Poor 2 34.89     

Poor 2 35.02     

Poor 2 35.26     

Very Good 5 35.31     

Good 4 35.41     

Average 3 35.52     

Good 4 35.77     

Very Good 5 35.91     

Poor 2 35.95     

Average 3 36.64     

Poor 2 36.69     

Average 3 37.11     

Average 3 37.12     

Poor 2 37.54     

Very Good 5 38.46     

Average 3 38.56     

Average 3 39.32     

Average 3 40.17     

Poor 2 40.84     

Poor 2 41.06     

Good 4 42.68     

Very Good 5 43.23     

Poor 2 43.80     

Poor 2 43.83     

Good 4 45.59     

Very Good 5 45.92     

Poor 2 47.28     

Very Good 4 47.35     

Average 3 47.44     

Good 4 47.69     

Very Good 5 49.20     

Poor 2 52.21     

Good 4 52.54     

Average 3 52.86     

Very Good 5 53.13     

Very Poor 1 53.75     

Average 3 54.23     

Very Good 5 56.16     
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TABLE A.5: Assessed Value Correlation Table 

 

Assessed Value Code BTU/SQFT/DD    

  Code Reference  

80000-90000 8 4.55  30000-40000 3 

90000-100000 9 5.09  40000-50000 4 

50000-60000 5 5.64  50000-60000 5 

110000-120000 11 6.48  60000-70000 6 

70000-80000 7 6.66  70000-80000 7 

120000-130000 12 7.48  80000-90000 8 

70000-80000 7 7.77  90000-100000 9 

100000-110000 10 7.99  100000-110000 10 

60000-70000 6 8.07  110000-120000 11 

70000-80000 7 8.20  120000-130000 12 

80000-90000 8 8.20  130000-140000 13 

160000-170000 16 8.24  140000-150000 14 

100000-110000 10 8.79  150000-160000 15 

100000-110000 10 8.82  160000-170000 16 

80000-90000 5 8.87  170000-180000 17 

150000-160000 15 8.89  180000-190000 18 

100000-110000 10 9.29  190000-200000 19 

150000-160000 15 9.29  200000-210000 20 

270000-280000 27 9.50  210000-220000 21 

90000-100000 9 9.61  220000-230000 22 

50000-60000 2 9.85  230000-240000 23 

60000-70000 6 9.94  240000-250000 24 

120000-130000 12 10.06  250000-260000 25 

70000-80000 7 10.11  260000-270000 26 

80000-90000 8 10.16  270000-280000 27 

160000-170000 16 10.36  280000-290000 28 

170000-180000 17 10.36  290000-300000 29 

90000-100000 9 10.41  300000-350000 30 

110000-120000 11 10.49  350000-400000 35 

90000-100000 9 10.53  400000-450000 40 

160000-170000 16 10.97  450000-500000 45 

120000-130000 12 10.99  500000+ 50 

40000-50000 4 10.99    

40000-50000 4 11.03    

90000-100000 9 11.05    

60000-70000 6 11.15    

40000-50000 4 11.16    

80000-90000 8 11.31    

90000-100000 9 11.55    

90000-100000 9 11.63    



143 
 

80000-90000 8 11.64    

160000-170000 16 11.67    

70000-80000 7 11.73    

110000-120000 11 11.81    

120000-130000 12 11.81    

30000-40000 3 11.86    

80000-90000 8 11.90    

60000-70000 6 11.95    

90000-100000 9 12.04    

30000-40000 3 12.15    

170000-180000 17 12.29    

90000-100000 9 12.30    

30000-40000 3 12.31    

80000-90000 8 12.40    

100000-110000 10 12.41    

130000-140000 13 12.42    

40000-50000 4 12.54    

120000-130000 12 12.57    

120000-130000 12 12.62    

70000-80000 7 12.63    

110000-120000 11 12.72    

30000-40000 3 12.75    

90000-100000 9 12.75    

80000-90000 8 12.76    

140000-150000 14 12.80    

100000-110000 10 12.83    

80000-90000 8 12.87    

60000-70000 6 12.92    

40000-50000 4 12.93    

120000-130000 12 12.96    

50000-60000 5 13.01    

80000-90000 8 13.03    

120000-130000 12 13.12    

110000-120000 11 13.15    

200000-210000 20 13.23    

110000-120000 11 13.35    

60000-70000 6 13.39    

70000-80000 7 13.53    

30000-40000 3 13.54    

100000-110000 10 13.58    

50000-60000 5 13.64    

90000-100000 9 13.71    

500000+ 50 13.79    

130000-140000 13 13.96    
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160000-170000 16 14.00    

220000-230000 22 14.01    

50000-60000 5 14.06    

60000-70000 6 14.11    

110000-120000 11 14.15    

50000-60000 5 14.17    

50000-60000 5 14.20    

50000-60000 5 14.21    

80000-90000 8 14.27    

30000-40000 3 14.42    

40000-50000 4 14.44    

100000-110000 10 14.49    

130000-140000 13 14.50    

60000-70000 6 14.52    

50000-60000 5 14.53    

70000-80000 7 14.62    

110000-120000 11 14.67    

120000-130000 12 14.70    

80000-90000 8 14.74    

120000-130000 12 14.76    

50000-60000 5 14.80    

30000-40000 3 14.84    

110000-120000 11 14.91    

70000-80000 7 14.92    

90000-100000 9 14.94    

70000-80000 7 14.99    

50000-60000 5 15.00    

80000-90000 8 15.06    

50000-60000 5 15.08    

70000-80000 7 15.11    

230000-240000 23 15.12    

40000-50000 4 15.16    

60000-70000 6 15.21    

50000-60000 5 15.21    

80000-90000 8 15.21    

70000-80000 7 15.33    

80000-90000 8 15.39    

50000-60000 5 15.43    

50000-60000 5 15.45    

100000-110000 10 15.47    

150000-160000 15 15.52    

120000-130000 12 15.60    

100000-110000 10 15.65    

40000-50000 4 15.67    
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110000-120000 11 15.78    

40000-50000 4 15.78    

60000-70000 6 15.91    

110000-120000 11 15.91    

190000-200000 19 15.94    

50000-60000 5 15.95    

60000-70000 6 15.98    

90000-100000 9 16.00    

90000-100000 9 16.00    

70000-80000 7 16.08    

80000-90000 8 16.09    

50000-60000 5 16.10    

80000-90000 8 16.11    

250000-260000 25 16.13    

50000-60000 5 16.15    

70000-80000 7 16.17    

50000-60000 5 16.19    

70000-80000 7 16.20    

140000-150000 14 16.25    

50000-60000 5 16.29    

80000-90000 8 16.45    

40000-50000 4 16.49    

50000-60000 5 16.52    

40000-50000 4 16.58    

100000-110000 10 16.58    

50000-60000 5 16.64    

110000-120000 11 16.64    

80000-90000 8 16.65    

60000-70000 6 16.67    

60000-70000 6 16.68    

140000-150000 14 16.86    

130000-140000 13 16.87    

50000-60000 5 16.94    

50000-60000 5 16.96    

120000-130000 12 17.01    

120000-130000 12 17.06    

70000-80000 7 17.07    

110000-120000 11 17.10    

70000-80000 7 17.13    

80000-90000 8 17.22    

50000-60000 5 17.30    

90000-100000 9 17.30    

40000-50000 4 17.33    

40000-50000 4 17.43    
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80000-90000 8 17.46    

190000-200000 19 17.56    

90000-100000 9 17.58    

80000-90000 8 17.60    

50000-60000 5 17.61    

110000-120000 11 17.67    

70000-80000 7 17.85    

40000-50000 4 17.93    

150000-160000 15 17.95    

90000-100000 9 17.96    

90000-100000 9 18.02    

70000-80000 7 18.03    

90000-100000 9 18.07    

60000-70000 6 18.09    

80000-90000 8 18.14    

80000-90000 8 18.15    

50000-60000 5 18.21    

90000-100000 9 18.23    

50000-60000 5 18.25    

60000-70000 6 18.28    

70000-80000 7 18.30    

140000-150000 14 18.32    

130000-140000 13 18.33    

30000-40000 3 18.35    

140000-150000 14 18.36    

100000-110000 10 18.43    

90000-100000 9 18.52    

130000-140000 13 18.53    

40000-50000 4 18.59    

70000-80000 7 18.65    

110000-120000 11 18.70    

90000-100000 9 18.70    

120000-130000 12 18.74    

70000-80000 7 18.80    

40000-50000 4 18.82    

90000-100000 9 18.84    

40000-50000 4 18.91    

30000-40000 3 18.92    

100000-110000 10 18.95    

110000-120000 11 18.98    

60000-70000 6 18.99    

70000-80000 7 19.03    

60000-70000 6 19.05    

80000-90000 8 19.08    
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170000-180000 17 19.12    

110000-120000 11 19.12    

80000-90000 8 19.30    

50000-60000 5 19.34    

50000-60000 5 19.35    

70000-80000 7 19.38    

90000-100000 9 19.47    

60000-70000 6 19.47    

130000-140000 13 19.60    

30000-40000 3 19.64    

50000-60000 5 19.73    

70000-80000 7 19.84    

50000-60000 5 19.84    

50000-60000 5 19.91    

40000-50000 4 19.95    

60000-70000 6 20.05    

50000-60000 5 20.07    

90000-100000 9 20.08    

60000-70000 6 20.14    

70000-80000 7 20.15    

140000-150000 14 20.15    

80000-90000 8 20.18    

120000-130000 12 20.19    

40000-50000 4 20.29    

70000-80000 7 20.36    

60000-70000 6 20.38    

50000-60000 5 20.42    

110000-120000 11 20.43    

100000-110000 10 20.57    

80000-90000 8 20.60    

40000-50000 4 20.65    

80000-90000 8 20.67    

80000-90000 8 20.72    

30000-40000 3 20.72    

100000-110000 10 20.74    

30000-40000 3 20.87    

40000-50000 4 20.95    

100000-110000 10 21.04    

70000-80000 7 21.10    

50000-60000 5 21.11    

70000-80000 7 21.12    

90000-100000 9 21.25    

50000-60000 5 21.27    

60000-70000 6 21.29    



148 
 

70000-80000 7 21.35    

30000-40000 3 21.37    

40000-50000 4 21.39    

30000-40000 3 21.42    

100000-110000 10 21.48    

130000-140000 13 21.53    

110000-120000 11 21.57    

90000-100000 9 21.58    

80000-90000 8 21.60    

30000-40000 3 21.63    

70000-80000 7 21.66    

70000-80000 7 21.67    

40000-50000 4 21.81    

80000-90000 8 21.83    

70000-80000 7 21.84    

60000-70000 6 21.85    

30000-40000 3 21.88    

80000-90000 8 21.99    

50000-60000 5 22.05    

50000-60000 5 22.07    

80000-90000 8 22.20    

80000-90000 8 22.20    

60000-70000 6 22.21    

70000-80000 7 22.21    

160000-170000 16 22.24    

80000-90000 8 22.28    

60000-70000 6 22.29    

140000-150000 14 22.33    

50000-60000 5 22.36    

50000-60000 5 22.39    

60000-70000 6 22.39    

150000-160000 15 22.39    

50000-60000 5 22.40    

30000-40000 3 22.40    

50000-60000 5 22.53    

30000-40000 3 22.53    

60000-70000 6 22.54    

40000-50000 4 22.59    

40000-50000 4 22.59    

90000-100000 9 22.65    

70000-80000 7 22.74    

30000-40000 3 22.74    

80000-90000 8 22.90    

100000-110000 10 22.98    
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40000-50000 4 23.06    

50000-60000 5 23.06    

130000-140000 13 23.12    

60000-70000 6 23.20    

40000-50000 4 23.45    

70000-80000 7 23.49    

90000-100000 9 23.49    

50000-60000 5 23.52    

80000-90000 8 23.55    

60000-70000 6 23.59    

110000-120000 11 23.68    

30000-40000 3 23.69    

100000-110000 10 23.70    

40000-50000 4 23.78    

50000-60000 5 23.78    

110000-120000 11 23.78    

60000-70000 6 23.87    

110000-120000 11 23.89    

40000-50000 4 23.90    

90000-100000 9 23.96    

70000-80000 7 24.01    

30000-40000 3 24.04    

30000-40000 3 24.08    

100000-110000 10 24.08    

70000-80000 7 24.26    

60000-70000 6 24.28    

90000-100000 9 24.49    

60000-70000 6 24.54    

80000-90000 8 24.58    

70000-80000 7 24.63    

180000-190000 18 24.68    

70000-80000 7 24.75    

110000-120000 11 24.79    

50000-60000 5 24.79    

60000-70000 6 24.82    

30000-40000 3 24.85    

80000-90000 8 24.95    

100000-110000 10 24.97    

120000-130000 12 25.12    

30000-40000 3 25.13    

40000-50000 4 25.16    

100000-110000 10 25.18    

40000-50000 4 25.25    

70000-80000 7 25.31    
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120000-130000 12 25.36    

100000-110000 10 25.47    

50000-60000 5 25.62    

70000-80000 7 25.71    

50000-60000 5 25.73    

30000-40000 3 25.90    

80000-90000 8 25.93    

40000-50000 4 26.08    

60000-70000 6 26.10    

70000-80000 7 26.10    

120000-130000 12 26.11    

40000-50000 4 26.18    

40000-50000 4 26.22    

40000-50000 4 26.22    

40000-50000 4 26.29    

30000-40000 3 26.30    

60000-70000 6 26.31    

40000-50000 4 26.35    

80000-90000 8 26.47    

30000-40000 3 26.54    

80000-90000 8 26.81    

120000-130000 12 26.86    

120000-130000 12 26.88    

50000-60000 5 26.94    

60000-70000 6 27.11    

110000-120000 11 27.12    

40000-50000 4 27.16    

90000-100000 9 27.28    

90000-100000 9 27.33    

80000-90000 8 27.45    

50000-60000 5 27.48    

30000-40000 3 27.49    

90000-100000 9 27.62    

40000-50000 4 27.69    

60000-70000 6 27.73    

80000-90000 8 27.75    

70000-80000 7 27.92    

100000-110000 10 28.04    

30000-40000 3 28.05    

90000-100000 9 28.08    

70000-80000 7 28.20    

60000-70000 6 28.24    

40000-50000 4 28.24    

80000-90000 8 28.46    
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60000-70000 6 28.53    

110000-120000 11 28.55    

100000-110000 10 28.69    

40000-50000 4 28.73    

40000-50000 4 29.18    

140000-150000 14 29.22    

70000-80000 7 29.30    

70000-80000 7 29.72    

60000-70000 6 29.75    

40000-50000 4 29.85    

80000-90000 8 29.90    

90000-100000 9 30.02    

30000-40000 3 30.07    

70000-80000 7 30.14    

40000-50000 4 30.20    

110000-120000 11 30.27    

60000-70000 6 30.36    

40000-50000 4 30.37    

110000-120000 11 30.95    

90000-100000 9 30.98    

100000-110000 10 31.10    

70000-80000 7 31.15    

30000-40000 3 31.51    

90000-100000 9 31.53    

80000-90000 8 31.73    

40000-50000 4 31.88    

30000-40000 3 31.89    

50000-60000 5 32.08    

30000-40000 3 32.14    

70000-80000 7 32.57    

140000-150000 14 32.63    

70000-80000 7 33.15    

60000-70000 6 33.25    

30000-40000 3 33.26    

50000-60000 5 33.28    

30000-40000 3 33.33    

50000-60000 5 33.42    

40000-50000 4 33.59    

30000-40000 3 33.60    

110000-120000 11 33.82    

70000-80000 7 33.91    

40000-50000 4 33.95    

40000-50000 4 34.08    

110000-120000 11 34.18    
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40000-50000 4 34.29    

60000-70000 6 34.37    

30000-40000 3 34.39    

40000-50000 4 34.56    

70000-80000 7 34.72    

100000-110000 10 34.80    

30000-40000 3 34.89    

50000-60000 5 35.02    

50000-60000 5 35.26    

80000-90000 8 35.31    

110000-120000 11 35.41    

60000-70000 6 35.52    

110000-120000 11 35.77    

80000-90000 8 35.91    

30000-40000 3 35.95    

60000-70000 6 36.64    

60000-70000 6 36.69    

80000-90000 8 37.11    

70000-80000 7 37.12    

30000-40000 3 37.54    

70000-80000 7 38.46    

50000-60000 5 38.56    

30000-40000 3 39.32    

70000-80000 7 40.17    

60000-70000 6 40.84    

40000-50000 4 41.06    

60000-70000 6 42.68    

60000-70000 6 43.23    

30000-40000 3 43.80    

40000-50000 4 43.83    

70000-80000 7 45.59    

100000-110000 10 45.92    

40000-50000 4 47.28    

120000-130000 12 47.35    

70000-80000 7 47.44    

90000-100000 9 47.69    

70000-80000 7 49.20    

30000-40000 3 52.21    

80000-90000 8 52.54    

30000-40000 3 52.86    

80000-90000 8 53.13    

30000-40000 3 53.75    

40000-50000 4 54.23    

100000-110000 10 56.16    
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FIGURE B.1: Notification of Upcoming Perceptions Survey 

RESIDENTS OF 

WOODBINE 

In your upcoming utility bill, you may 

receive a short survey.  This is a 

research project being conducted by the 

University of Nebraska, School of 

Engineering.  The research project is an 

attempt to better understand rural 

America’s perceptions and feelings 

toward “green” or energy efficient 

homes.  The project is being funded by 

the Department of Energy under the 

national program, “Build America.”  

Please take a few minutes to complete 

the survey, and return it with your utility 

bill or in person at Woodbine Municipal 

Utility Office.  I would like to thank the 

Woodbine Municipal Utility Office for 

their assistance and to all of you for 

taking the time out of your busy lives to 

complete the survey. 

Sincerely, 

Nathan A. Barry 

Principal Investigator 

University of Nebraska 

School of Engineering 

308.865.8733 

barryna@unk.edu 

 

 

 



155 
 

 

FIGURE B.2: Informed Consent Form 
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FIGURE B.3: Homeowner Perceptions Survey 

 

1 Male Female Age:

2 Male Female Age:

3 Male Female Age:

4 Male Female Age:

5 Male Female Age:

6 Male Female Age:

Yes No Not Sure

very low average too high not sure

Mine are lower than my neighbors

Mine are about the same as my neighbors

Mine are higher than my neighbors

I am not sure how my bills compare to my neighbors

A lot Some A little None

No Go to Question 12

Yes

Yes No Not Sure

       11b. Could you please describe the improvements?

Yes No Not Sure

Energy Use Perceptions in Rural America

Thank you for taking the time to complete this short survey regarding homeowner energy usage and opinions of energy 

conservation.  The survey will take less than 10 minutes to complete and your input will be used to assist the University of 

Nebraska in identifying homeowners' priorities and energy use patterns.  If you have any questions regarding the usage of 

the survey please contact Nathan Barry at (308) 440-8457 or barryna@unk.edu.

ADDRESS: _______________________________________________

Male Female

Demographic Information of Individual Completing Survey:

1. What is the sex of the individual completing the survey?

8. How would you describe your utility bills? Are they…

2. What is the age of the individual completing the survey?    ____________________

______________

______________

______________

______________

5. How many people live in your house more than 50% of the time?  ___________________

______________

______________

7. Did the utility costs influence your decision to move into your current home?

3. Do you rent or own your home?                          Rent                                               Own

6. Not including yourself, what are the sex and age of the people living in your home more than 50% of the time?

4. How many years have you lived in your home?  ____________________

12. Have you taken advantage of any tax rebates for energy efficient improvements to your home?

9. How do you think your utility bills compare to your neighbor's utility bills?

10.  How much do you feel your living habits contribute to your overall utility cost?

11. Have you done anything  to your home in the past 12 months to make it more energy efficient?

__________________________________________________________________________________

__________________________________________________________________________________

Please continue the survey on the back of the form

11a. If yes, do you feel your utility costs have lowered because of these improvements?
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Yes No Not Sure

No Go to Question 15

Yes

Yes No Not Sure

0-2 years 2-5 years 5-10 years 10+ years

________ Adding more insulation to walls and ceiling

________ Replacing light bulbs with more efficient bulbs

________ Replacing windows

________ Replacing appliances with more efficient appliances

________ Replacing air conditioning or heating systems

________ Improve the environment

________ Save on monthly operating costs

________ Reduce the U.S. dependence on foreign oil

________ Add value to the home

________ Reduce climate change and greenhouse gases

Yes No Not Sure

0%, I don't want my rates increased at all

0%  - 5%

5% - 10%

10% - 20%

More than 20% increase would be okay to know I am using a renewable energy

Really Somewhat Not important

13. Would you attend a community event to learn energy improvement techniques to your home?

14a. If yes, do you feel your utility costs have lowered because of these improvements?

                14b. Could you please describe these changes?

14. Have you changed your habits (turning down the thermostat, using less water, opening windows, etc.) in the past 12 

months to help lower your utility bills?

THANK YOU, for completing the survey.  Please return the completed survey with your utility payment or 

directly to the Woodbine Light and Power office located at 517 Walker St. Woodbine, IA 51579.

For questions regarding the survey please contact Nathan Barry at (308) 440-8457 or barryna@unk.edu

18. Do you think your utility company should use a renewable energy such as wind or solar power?

19. How much more would you be willing to pay on your monthly utility bill to use a renewable energy?

20. How important is it to you that your daily purchases consist of renewable or recycled material?

__________________________________________________________________________________

__________________________________________________________________________________

15. How long is a reasonable time period for an energy efficient upgrade to pay for itself through energy savings?

16.  How important are the following improvements for making your home more energy efficient? Please rank them with 1 

being the most important improvement, 2 being the next most important improvement and so on through 5 which would be 

the least important improvement.

17. How important are the following reasons to make your home more energy efficient? Please rank them with 1 being the 

most important improvement, 2 being the next most important improvement and so on through 5 which would be the least 

important improvement.



 
 

 
 

TABLE B.1: Individual Survey Results Questions 1-10 

 

Survey  Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 

1 Male 72 Own 1 2 F74 No Average 
I am not sure how my bills compare to my 
neighbors 

Some 

2 Male 35 Own 5 3 F33M2 No 
Very 
Low 

Mine are lower than my neighbors A lot 

3 Female 60 Own 35 2 M60 No 
Too 
High 

Mine are about the same as my neighbors Some 

4 Male 45 Own 1 1   No 
Too 
High 

Mine are about the same as my neighbors A lot 

5 Male 41 Own 10 5 f41f12m7m4 No Average 
I am not sure how my bills compare to my 
neighbors 

A lot 

6 Male 55 Own 27 2 f54 No Average Mine are about the same as my neighbors A lot 

7 Male 25 Rent  3 1   No Average Mine are lower than my neighbors 
A 
little 

8 Female 41 Own 4 3 m43f15 No 
Not 
Sure 

Mine are higher than my neighbors A lot 

9 Female 71 Own 10 1   No Average 
I am not sure how my bills compare to my 
neighbors 

A lot 

10 Female 53 Rent  2 1   Yes  
Very 
Low 

I am not sure how my bills compare to my 
neighbors 

Some 

11 Male 46 Own 20 5 f45m16f14m10 No Average Mine are about the same as my neighbors A lot 

12 Female 58 Rent  5 1 
  

Average Mine are lower than my neighbors 
A 
little 

13 Female 88 Own 65 1   No 
Too 
High 

Mine are higher than my neighbors 
A 
little 

14 Female 72 Own 24 1 
 

No Average 
I am not sure how my bills compare to my 
neighbors 

Some 

15 Female 63 Own 11 2 m65 No Average I am not sure how my bills compare to my None 

1
58

 



 
 

 
 

neighbors 

16 Female 80 Own 25 1 
 

No Average 
I am not sure how my bills compare to my 
neighbors 

Some 

17 Male 66 Own 6 2 f66 No Average   Some 

18 Male 75 Own 25 1 
 

No 
Too 
High 

Mine are about the same as my neighbors Some 

19 Male 77 Own 15 2 f79 Yes  
Very 
Low 

I am not sure how my bills compare to my 
neighbors 

Some 

20 Female 55 Rent  1 2 m58 
Not 
Sure 

Average 
I am not sure how my bills compare to my 
neighbors 

A lot 

21 Female 53 Rent  22 2 m53 No Average 
I am not sure how my bills compare to my 
neighbors 

Some 

22 Female 56 Own 12 3 m56m30 No Average Mine are about the same as my neighbors Some 

23 Female 92 Own 46 1   No Average 
I am not sure how my bills compare to my 
neighbors 

None 

24 Female 77 Own 16 1 
 

Not 
Sure 

Average 
I am not sure how my bills compare to my 
neighbors 

None 

25 Female 92 Rent  20 1   Yes  
Not 
Sure 

I am not sure how my bills compare to my 
neighbors 

Some 

26 Female 32 Own 6 5 m38f12m17m15 No Average 
I am not sure how my bills compare to my 
neighbors 

A lot 

27 Female 56 Own 26 2 m61 Yes  
Very 
Low 

I am not sure how my bills compare to my 
neighbors 

A lot 

28 Female 45 Own 16 2 m41 No 
Too 
High 

I am not sure how my bills compare to my 
neighbors 

A lot 

29 Female 39 Own 5 4 m40f12m8 No 
Too 
High 

I am not sure how my bills compare to my 
neighbors 

Some 

30 Female 57 Own 4 2 m54 No 
Not 
Sure 

I am not sure how my bills compare to my 
neighbors 

Some 

31 Female 61 Own 11 4 m58m26f23 No 
Too 
High 

Mine are about the same as my neighbors 
A 
little 

1
59

 



 
 

 
 

32 Female 32 Own 4 4 m30m5m1 No Average 
I am not sure how my bills compare to my 
neighbors 

Some 

33 Male 31 Own 3 4 f32f17m8 No 
Too 
High 

Mine are higher than my neighbors 
A 
little 

34 Male 76 Own 6 2 f68 No 
Not 
Sure 

I am not sure how my bills compare to my 
neighbors 

Some 

35 Female 73 Own 12 1   No Average Mine are about the same as my neighbors A lot 

36 Female 34 Own 6 2 m30  Yes  Average 
I am not sure how my bills compare to my 
neighbors 

Some 

37 Male 29 Own 7 5 f29f4m3m1 No Average Mine are higher than my neighbors Some 

38 Male 45 Own 5 4 f49f14f8 No 
Too 
High 

I am not sure how my bills compare to my 
neighbors 

A 
little 

39 Female 48 Own 23 2 m50 No Average 
I am not sure how my bills compare to my 
neighbors 

A 
little 

40 Male 48 Own 12 3 f51m19 No 
Too 
High 

Mine are higher than my neighbors 
A 
little 

41 Male 68 Own 10 2 f68 No 
Too 
High 

I am not sure how my bills compare to my 
neighbors 

A lot 

42 Female 61 Own 2 1 
 

No Average 
I am not sure how my bills compare to my 
neighbors 

A lot 

43 Female 86 Own 20 1   No Average 
I am not sure how my bills compare to my 
neighbors 

Some 

44 Female 45 Own 26 5 m52m18m11f20 Yes  
Not 
Sure 

Mine are higher than my neighbors Some 

45 Female 81 Own 22 2 m83 No 
Too 
High 

I am not sure how my bills compare to my 
neighbors 

None 

46 Male 66 Own 9 1 
 

No 
Too 
High 

Mine are about the same as my neighbors A lot 

47 Female 53 Own 5 4 m54m24f20 Not Not I am not sure how my bills compare to my A lot 

1
6

0 



 
 

 
 

Sure Sure neighbors 

48 Female 47 Own 21 5 m47f19f17m14 No Average Mine are about the same as my neighbors Some 

49 Female 26 Own 3 5 m27f26f3f2m1 No Average 
I am not sure how my bills compare to my 
neighbors 

None 

50 Female 69 Own 22 2 m69 No Average 
I am not sure how my bills compare to my 
neighbors 

Some 

51 Female 38 Own 12 1   No Average 
I am not sure how my bills compare to my 
neighbors 

A lot 

52 Female 39 Own 12 7 m41f12f11m7f4m1 No 
Too 
High 

Mine are higher than my neighbors Some 

53 Female 42 Own 14 5 m42f15m9f6 No Average Mine are higher than my neighbors Some 

54 Female 22 Own 1 1 
 

No 
Not 
Sure 

Mine are about the same as my neighbors 
A 
little 

55 Male 80 Own 45 2 f80 No Average 
I am not sure how my bills compare to my 
neighbors 

Some 

56 Female 77 Own 45 2 m79 No Average Mine are lower than my neighbors Some 

57 Female 55 Own 31 2 m57 No Average Mine are higher than my neighbors A lot 

58 Female 64 Rent  5 2 m16 No 
Too 
High 

I am not sure how my bills compare to my 
neighbors  

59 Female 75 Own 12 2 m80 No Average Mine are about the same as my neighbors A lot 

60 Female 34 Own 1 4 m34f3m2 No Average Mine are lower than my neighbors Some 

61 Female 57 Own 14 1   No 
Too 
High 

I am not sure how my bills compare to my 
neighbors 

A 
little 

62 Female 40 Own 6 3 m15f11 No Average Mine are higher than my neighbors Some 

63 Female 73 Own 12 2 m73 No Average 
I am not sure how my bills compare to my 
neighbors 

Some 

64 Male 61 Own 8 2 f61 No Average Mine are about the same as my neighbors Some 

65 Male 38 Own 6 4 f35m12m6 No Average Mine are about the same as my neighbors A lot 

66 Female 64 Own 20 3 m60m19 No Average Mine are about the same as my neighbors A lot 

67 Female 76 Own 11 2 m78 No Average I am not sure how my bills compare to my Some 

1
61

 



 
 

 
 

neighbors 

68 Female 76 Rent  6 1 
 

No 
Very 
Low 

Mine are lower than my neighbors Some 

69 Female 88 Own 39 1   No Average 
I am not sure how my bills compare to my 
neighbors 

A 
little 

70 Female 79 Own 7 3 m77f104 No Average Mine are about the same as my neighbors None 

71 Female 71 Own 1 1   No 
Too 
High 

I am not sure how my bills compare to my 
neighbors 

A 
little 

72 Female 91 Own 15 1 
 

No 
Not 
Sure 

I am not sure how my bills compare to my 
neighbors 

None 

73 Male 49 Own 8 3 f38m18 
Not 
Sure 

Average 
I am not sure how my bills compare to my 
neighbors 

A 
little 

74 Male 50 Own 18 2 f46 No Average Mine are about the same as my neighbors A lot 

75 Male 64 Own 31 2 f60 No Average 
I am not sure how my bills compare to my 
neighbors 

A lot 

76 Female 52 Own 15 2 m57 Yes  
Too 
High 

Mine are higher than my neighbors 
A 
little 

77 Female 55 Own 24 2 m61 No Average Mine are lower than my neighbors Some 

78 Female 84 Own 29 1 
 

No 
Too 
High 

Mine are higher than my neighbors None 

79 Male 86 Own 11 1   No   
I am not sure how my bills compare to my 
neighbors 

Some 

80 Male 11 Own 15 2 m80 No Average Mine are higher than my neighbors Some 

81 Female 75 Own 49 1   No 
Too 
High 

Mine are higher than my neighbors Some 

82 Female 41 Own 10 3 m42f2 No Average Mine are about the same as my neighbors Some 

83 Male 62 Own 27 2 f61 No 
Too 
High 

Mine are about the same as my neighbors Some 

84 Female 77 Own 29 1 
 

No Average Mine are about the same as my neighbors Some 

85 Male 89 Own 3 1   No Average I am not sure how my bills compare to my A lot 
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neighbors 

86 Male 51 Own 3 2 f51  Yes  
Too 
High 

Mine are higher than my neighbors A lot 

87 Male 70 Own 33 2 F69 No 
Not 
Sure 

I am not sure how my bills compare to my 
neighbors 

A lot 

88 Male 80 Own 36 2 f67 No Average Mine are higher than my neighbors 
A 
little 

89 Female 38 Own 6 2 m42 
Not 
Sure 

Average 
I am not sure how my bills compare to my 
neighbors 

A 
little 

90 Female 62 Own 21 1 
 

No 
Very 
Low 

Mine are lower than my neighbors 
A 
little 

91 Female 55 Own 14 3 m56f17 No 
Too 
High 

Mine are about the same as my neighbors Some 

92 Male 41 Own 2 1   No Average Mine are lower than my neighbors Some 
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TABLE B.2: Individual Survey Results Questions 11-13 

 

Survey  Q11 Q11A Q11B Q12 Q13 

1 Yes Yes    Yes  Yes  

2 Yes No insulated basement walls, replaced old storm door No 
Not 
Sure 

3 Yes Yes  Insulation Yes  Yes  

4 Yes 
Not 
Sure 

Installed 95% efficient furnace, more comfortable in the house, but bill about the same. Yes  
Not 
Sure 

5 No     No 
Not 
Sure 

6 No     No Yes  

7 No     No No 

8 Yes 
Not 
Sure 

new windows Yes  
Not 
Sure 

9 No     No No 

10 No     No 
Not 
Sure 

11 Yes Yes  heat pump, windows Yes  
Not 
Sure 

12 No 
  

No No 

13 No     No No 

14 No 
  

No Yes  

15 No     No Yes  

16 No 
  

No Yes  

17 Yes 
Not 
Sure 

new windows and door No 
Not 
Sure 

18 No 
  

No No 

19 Yes Yes  new electric furnace back up to heat pump No Yes  
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20 Yes Yes  Installed insulation covers around switches and outlets. Installed new filter on faucets No 
Not 
Sure 

21 No     No 
Not 
Sure 

22 Yes Yes  new storm windows Yes  Yes  

23 Yes 
Not 
Sure 

new furnace, new microwave, new clothes dryer No No 

24 No 
  

Yes  
Not 
Sure 

25 No     No 
Not 
Sure 

26 Yes Yes  we put in a new front screen door and inside front door, also put on new garage doors Yes  Yes  

27 No     No Yes  

28 Yes Yes  outdoor wood stove for heat Yes  Yes  

29 Yes No Replaced an old refrigerator with an energy efficient refrigerator No 
Not 
Sure 

30 No 
  

Yes  
Not 
Sure 

31 No     Yes  
Not 
Sure 

32 Yes 
Not 
Sure 

new front door, 2 new basement windows Yes  Yes  

33 Yes Yes  
added crawlspace insulation, added/replaced storm door, added caulking and weather-
stripping 

Yes  
Not 
Sure 

34 No 
  

No 
Not 
Sure 

35 No     Yes  
Not 
Sure 

36 Yes Yes  new heating/cooling 2009; energy efficient washer/dryer 2009 No Yes  
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37 Yes Yes  new windows/one new door Yes  No 

38 Yes Yes  
insulation and bought used furnace newer than the old one we had.  We received a grant for 
$7000 to install a new roof and insulate the attic and 2nd floor.  We also installed a used 
furnace that is 90% efficient and ducted the 2nd floor which had no ducts ran to it. 

No 
Not 
Sure 

39 Yes Yes  
Midwest RetroFoam installed November 2010.  Natural gas reduction in usage; electric costs 
rise gave no relief overall in utility bill. 

Yes  Yes  

40 Yes Yes  geothermal Yes  Yes  

41 No     No Yes  

42 No 
  

No 
Not 
Sure 

43 Yes Yes  new furnace  No Yes  

44 No 
  

No 
Not 
Sure 

45 Yes Yes  
light bulbs, unplug lamps, etc. that we no longer use, seal basement windows, do not heat 
upstairs. 

No Yes  

46 No 
  

No 
Not 
Sure 

47 Yes 
Not 
Sure 

use the new cfl bulbs No Yes  

48 No 
  

No No 

49 Yes Yes  spray foamed the basement No 
Not 
Sure 

50 No 
  

No 
Not 
Sure 

51 No     No 
Not 
Sure 

52 Yes Yes  insulated walls w/RetroFoam and added insulation to attic. Replaced oven and dishwasher. Yes  
Not 
Sure 
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53 Yes Yes  installed new geothermal heat and a/c Yes  
Not 
Sure 

54 No 
  

No 
Not 
Sure 

55 No     No 
Not 
Sure 

56 Yes 
Not 
Sure 

energy efficient refrigerator - washer and dryer Yes  
Not 
Sure 

57 Yes Yes  new storm door, doors and windows Yes  
Not 
Sure 

58 No 
  

No 
Not 
Sure 

59 No     No Yes  

60 Yes Yes  heat pump, insulation - new construction Yes  No 

61 No     No 
Not 
Sure 

62 Yes Yes  tank less water heater, added 10" of insulation to attic Yes  
Not 
Sure 

63 Yes Yes  new high efficiency washer and dryer. Replace bulbs with energy efficient light bulbs No Yes  

64 Yes Yes  new energy efficient water heater, new energy efficient air/heat pump Yes  No 

65 Yes 
Not 
Sure 

  Yes  Yes  

66 No 
  

No Yes  

67 Yes 
Not 
Sure 

changed light bulbs and plan on getting new furnace No 
Not 
Sure 

68 No 
  

No No 

69 Yes 
Not 
Sure 

southwest Iowa sent a group of men to insulate and replace light bulbs last summer 
Not 
Sure 

Not 
Sure 

70 No 
  

No 
Not 
Sure 
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71 No     No No 

72 No 
  

Not 
Sure 

No 

73 Yes No insulation Yes  
Not 
Sure 

74 No 
  

No No 

75 No     Yes  No 

76 Yes Yes  window and door replacement Yes  
Not 
Sure 

77 Yes Yes  insulation, siding, new doors, new roof, new heat pump, new furnace Yes  Yes  

78 Yes Yes  rebuilt sunroom - energy efficient windows Yes  
Not 
Sure 

79 No     
Not 
Sure 

Not 
Sure 

80 No 
  

No Yes  

81 No     Yes  Yes  

82 No 
  

No Yes  

83 No       Yes  

84 Yes Yes  all new windows, patio door, garage door, putting on siding Yes  Yes  

85 No     No Yes  

86 No 
  

No Yes  

87 Yes 
Not 
Sure 

new windows, reinsulated parts of the house Yes  
Not 
Sure 

88 No 
  

No Yes  

89 No     No Yes  

90 No 
  

Yes  Yes  

91 No     Yes  No 

92 No     No Yes  
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TABLE B.3: Individual Survey Results Questions 14-15 

 

Survey  Q14 Q14A Q14B Q15 

1 Yes Yes    0-2 Years 

2 Yes Yes  lower thermostat; less lights on; dry clothes on the line 2-5 Years 

3 Yes Yes  lights off; thermostat adjusted 5-10 Years 

4 Yes No 
My consumption of energy is lower, but the price of energy has been raised so bill is same, I am less 
comfortable 

2-5 Years 

5 Yes No 
We have our winter temp set at 68, use the windows to cool house when temp less than 85, set the 
temp to 78.  This has been our habit all our years in the house 

5-10 Years 

6 Yes Not Sure turn down thermostat, turn down water heater 2-5 Years 

7 No     2-5 Years 

8 Yes Not Sure thermostat change, keeping shades closed 2-5 Years 

9 No     5-10 Years 

10 Yes Yes  
I keep the thermostat turned down in the winter and up in the summer. Hang clothes on the line in 
good weather. Fill sinks with water to do the dishes and rinse them instead of keeping the water 
running. 

2-5 Years 

11 No     2-5 Years 

12 Yes 
  

5-10 Years 

13 Yes No   2-5 Years 

14 Yes Yes  turn down thermostat  2-5 Years 

15 No     10+ Years 

16 Yes Yes  
unplug appliances when not in use, don't turn up furnace, put on sweater; make sure unused lights 
are off  

17 No     5-10 Years 

18 No 
  

5-10 Years 

19 Yes Yes    2-5 Years 

20 Yes Not Sure 
 

2-5 Years 
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21 Yes No   0-2 Years 

22 No 
  

5-10 Years 

23 No       

24 No 
   

25 Yes No     

26 Yes Not Sure 
we turn down the thermostat when we are not here or go to bed, keep windows open as much as 
possible 

2-5 Years 

27 No     2-5 Years 

28 Yes Yes  
Thermostat turned to 63 in winter, 78 in summer.  Run less water by filling sink 1/3 with water to 
rinse dishes. 

2-5 Years 

29 Yes No 
we shut off lights when not in use, we lowered our thermostat this winter by 4 degrees.  We unplug 
items when gone for weekends 

0-2 Years 

30 Yes No 
 

2-5 Years 

31 Yes No lowered thermostat wash larger loads, bought thermal drapes 0-2 Years 

32 No 
  

2-5 Years 

33 No     2-5 Years 

34 Yes Yes  
lower night time temp; utilize shade trees in lieu of A.C. open windows for ventilation and cooling; 
conserve water 

2-5 Years 

35 No     10+ Years 

36 Yes Yes  
 

2-5 Years 

37 Yes Not Sure focus in turning lights off; opening windows; keeping storm doors shut; run dehumidifier 2-5 Years 

38 Yes Not Sure turned down the thermostat but I don't call that an improvement 0-2 Years 

39 Yes Yes  
weather cooperating in not having to run A.C. Opening windows, spending time outdoors in 
evenings.  No electric usage for lighting when outside. 

2-5 Years 

40 Yes Not Sure 
 

5-10 Years 
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41 Yes Not Sure 
we lowered the thermostat and used an elect heater for heat.  However with the increased cost of 
fuel, we still pay about the same. 

2-5 Years 

42 No 
  

2-5 Years 

43 No     5-10 Years 

44 Yes Yes  open windows, lower thermostat 2-5 Years 

45 Yes Not Sure turned down thermostat and we freeze all winter as we can't afford any more rises in utilities. 5-10 Years 

46 Yes Yes  
 

2-5 Years 

47 Yes Yes  turning down the thermostat, using less water, using fans 2-5 Years 

48 Yes Not Sure lowered thermostat, wash only 4 days clothes 5-10 Years 

49 Yes Not Sure lights   2-5 Years 

50 No 
  

5-10 Years 

51 Yes Yes    2-5 Years 

52 Yes Yes  programmable thermostats for day/night usage 2-5 Years 

53 Yes Not Sure keep thermostat lower in winter, higher in summer.  Open windows last summer when not as hot 2-5 Years 

54 Yes Yes  I purchased a space heater to help reduce using the heat as much 2-5 Years 

55 No     10+ Years 

56 No 
  

2-5 Years 

57 Yes Yes  lower thermostat in winter 5-10 Years 

58 Yes 
 

turn down thermostat, less water 0-2 Years 

59 No     2-5 Years 

60 No 
  

2-5 Years 

61 Yes Yes  plastic on the windows in winter, closing blinds on sunny days, replacing light bulbs. 5-10 Years 

62 No 
  

2-5 Years 

63 No     2-5 Years 

64 Yes Yes  lower thermostat, ceiling fans 2-5 Years 

65 Yes Yes    2-5 Years 

66 No 
  

5-10 Years 

67 Yes Yes  lowered the thermostat, closed the drapes 0-2 Years 

68 No 
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69 No       

70 No 
  

5-10 Years 

71 Yes Not Sure   2-5 Years 

72 Yes Not Sure 
 

2-5 Years 

73 Yes Not Sure lowering thermostat 2-5 Years 

74 No 
  

5-10 Years 

75 No     2-5 Years 

76 Yes No I lowered my thermostat and installed a programmable one only to receive a rate increase in utilities 0-2 Years 

77 No     5-10 Years 

78 Yes No lowered thermostat 2-5 Years 

79 Yes Yes      

80 No 
  

5-10 Years 

81 Yes Not Sure   0-2 Years 

82 Yes Yes  
 

5-10 Years 

83 Yes   lower thermostat, using less water, opening windows 2-5 Years 

84 No 
  

2-5 Years 

85 Yes Yes  lower thermostat, new water heater, window well covers 5-10 Years 

86 Yes Yes  new well field for geo thermal 2-5 Years 

87 Yes Yes  lowered thermostat in winter 2-5 Years 

88 Yes Yes  lowered thermostat, turned off lights 2-5 Years 

89 No     0-2 Years 

90 Yes Yes  
 

2-5 Years 

91 Yes Yes    2-5 Years 

92 No     0-2 Years 
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TABLE B.4: Individual Survey Results Questions 16-20 

 

Survey  Q16A Q16B Q16C Q16D Q16E Q17A Q17B Q17C Q17D Q17E Q18 Q19 Q20 

1 1 1 1 4 4 2 2 1 3 2 Yes  
0% I don't want my rates to 
increase at all 

Somewhat 

2 3 5 2 4 1 1 4 2 3 5 Yes  0% - 5% Really 

3 1 3 2 5 4 3 1 4 2 5 Yes  0% - 5% Somewhat 

4 3 5 1 4 2 4 1 3 2 5 
Not 
Sure 

0% I don't want my rates to 
increase at all 

Not 
Important 

5 3 4 2 5 1 3 2 5 1 4 Yes  5% - 10% Somewhat 

6 1 5 2 4 3 3 2 4 1 5 Yes  5% - 10% Somewhat 

7 4 5 2 1 3 1 2 4 3 5 Yes  0% - 5% Somewhat 

8 2 5 4 1 3 2 3 4 5 1 Yes  0% - 5% Really 

9 4 1 2 3 5 4 1 3 2 5 Yes  0% - 5% Somewhat 

10 1 4 2 5 3 1 2 3 5 4 Yes  5% - 10% Somewhat 

11 3 5 2 4 1 4 1 3 2 5 No 
0% I don't want my rates to 
increase at all 

Somewhat 

12 5 5 5 5 5 5 5 5 5 1 
Not 
Sure  

Not 
Important 

13 5 5 5 5 1 4 1 3 2 5 No 
0% I don't want my rates to 
increase at all 

Really 

14 1 5 1 3 3 3 1 3 1 3 Yes  0% - 5% Somewhat 

15 2 5 1 3 4 1 2 3 4 5 Yes  
0% I don't want my rates to 
increase at all 

Somewhat 

16 2 3 5 4 1 3 1 4 2 5 
Not 
Sure 

0% - 5% Somewhat 

17 1 5 2 4 3 3 1 5 2 5 
Not 
Sure 

0% I don't want my rates to 
increase at all 

Not 
Important 
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18 2 4 1 5 3 1 3 5 2 4 Yes  
0% I don't want my rates to 
increase at all 

Somewhat 

19 4 3 5 2 1 4 1 3 2 5 
Not 
Sure 

0% - 5% Really 

20 3 5 1 4 2 4 2 1 3 5 Yes  5% - 10% Somewhat 

21 4 5 1 3 2 2 1 4 3 5 Yes  0% - 5% Somewhat 

22 1 2 1 2 1 1 1 1 2 2 Yes  5% - 10% Really 

23 5 5 5 2 1 5 2 5 1 5 
Not 
Sure 

0% - 5% Somewhat 

24 4 3 1 5 2 3 1 4 2 5 
Not 
Sure 

0% I don't want my rates to 
increase at all 

Really 

25 5 5 5 5 5 5 5 5 5 5 
Not 
Sure 

0% I don't want my rates to 
increase at all 

  

26 3 4 1 5 2 3 1 4 2 5 Yes  
0% I don't want my rates to 
increase at all 

Not 
Important 

27 4 5 2 1 3 5 2 1 3 4 Yes  0% - 5% Really 

28 1 5 2 4 3 1 2 4 5 3 Yes  
0% I don't want my rates to 
increase at all 

Somewhat 

29 1 5 2 4 3 2 3 5 4 1 Yes  
0% I don't want my rates to 
increase at all 

Really 

30 1 3 1 1 1 1 1 1 1 1 Yes  5% - 10% Really 

31 2 5 1 4 3 3 1 5 2 4 Yes  
0% I don't want my rates to 
increase at all 

Somewhat 

32 2 5 3 4 1 4 2 3 1 5 Yes  0% - 5% 
Not 
Important 

33 2 5 1 3 4 2 1 4 3 5 
Not 
Sure 

0% - 5% 
Not 
Important 

34 5 1 1 1 1 4 1 3 2 5 
Not 
Sure 

0% I don't want my rates to 
increase at all 

Somewhat 
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35 3 2 4 1 5 4 2 1 3 5 Yes  0% - 5% Really 

36 3 2 1 4 5 3 1 5 2 4 Yes  
0% I don't want my rates to 
increase at all 

Somewhat 

37 1 4 5 2 3 5 1 3 2 4 
Not 
Sure 

0% - 5% 
Not 
Important 

38 2 5 3 4 2 5 1 5 2 5 
Not 
Sure 

0% I don't want my rates to 
increase at all 

Not 
Important 

39 1 5 2 4 3 3 2 1 4 5 Yes  0% - 5% Somewhat 

40 2 3 5 4 1 4 1 5 2 3 Yes  0% - 5% Somewhat 

41 2 5 1 4 3 4 1 3 2 5 Yes  0% - 5% Really 

42 1 1 1 5 1 3 1 2 4 5 
Not 
Sure 

0% I don't want my rates to 
increase at all 

Somewhat 

43 1 5 4 2 3 4 1 2 5 3 
Not 
Sure 

0% - 5% Somewhat 

44 1 5 2 4 3 3 1 4 2 5 
Not 
Sure 

0% - 5% 
Not 
Important 

45 5 5 2 5 1 3 2 1 4 5 
Not 
Sure 

0% I don't want my rates to 
increase at all 

Really 

46 1 5 3 4 2 5 1 2 3 4 Yes  0% - 5% Somewhat 

47 1 3 2 4 5 5 2 3 1 4 Yes  
0% I don't want my rates to 
increase at all 

Really 

48 2 5 1 4 3 4 1 5 2 3 
Not 
Sure 

0% I don't want my rates to 
increase at all 

Somewhat 

49 1 2 5 4 3 3 1 5 2 4 Yes  0% - 5% Somewhat 

50 4 5 3 1 2 5 2 1 3 4 
Not 
Sure 

0% - 5% Somewhat 
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51 2 1 3 5 4 4 2 3 1 5 
Not 
Sure 

0% - 5% Somewhat 

52 1 3 4 2 5 3 1 4 2 5 Yes  0% - 5% Somewhat 

53 1 4 5 3 2 4 1 3 5 2 Yes  5% - 10% Somewhat 

54 4 5 2 3 1 2 1 4 3 5 Yes  5% - 10% Somewhat 

55 5 3 2 4 1 3 4 1 5 2 Yes  0% - 5% Really 

56 1 5 2 4 3 5 1 5 2 5 Yes  
0% I don't want my rates to 
increase at all 

Somewhat 

57 3 2 1 1 1 3 2 1 5 4 Yes  5% - 10% Somewhat 

58 1 5 2 4 3 3 1 2 5 4 Yes  
0% I don't want my rates to 
increase at all 

Somewhat 

59 2 3 5 4 1 2 1 3 4 5 Yes  0% - 5% Really 

60 2 5 3 4 1 3 1 5 2 4 Yes  5% - 10% Somewhat 

61 2 5 1 4 3 3 1 5 2 4 Yes  
0% I don't want my rates to 
increase at all 

Somewhat 

62 1 5 2 4 3 3 1 5 2 4 Yes  0% - 5% Somewhat 

63 2 5 3 4 1 2 1 3 5 4 Yes  0% - 5% Somewhat 

64 3 5 2 4 1 4 1 3 2 5 Yes  
0% I don't want my rates to 
increase at all 

Somewhat 

65 1 5 2 4 3 4 2 3 1 5 
Not 
Sure 

0% - 5% Somewhat 

66 4 5 1 3 2 4 1 3 2 5 Yes  0% - 5% Really 

67 5 1 4 3 2 3 1 2 4 5 Yes  0% - 5% Really 

68 5 5 5 5 1 5 1 5 5 5 
Not 
Sure  

Somewhat 

69 5 5 5 5 5 5 5 5 5 5 No 
0% I don't want my rates to 
increase at all 

  

70 5 3 1 3 1 2 2 1 4 2 No 
0% I don't want my rates to 
increase at all 

Not 
Important 

71 5 5 5 2 1 1 2 5 5 5 Yes  0% - 5% Really 

1
76

 



 
 

 
 

72 1 2 1 4 3 1 1 1 2 1 
Not 
Sure 

0% I don't want my rates to 
increase at all 

Really 

73 1 5 3 4 2 2 1 3 4 5 Yes  5% - 10% Really 

74 4 5 3 2 1 2 1 3 4 5 Yes  5% - 10% Somewhat 

75 2 5 1 3 4 5 1 2 3 4 Yes  0% - 5% Somewhat 

76 1 4 5 3 2 2 1 3 4 5 Yes  
0% I don't want my rates to 
increase at all 

Really 

77 1 5 2 4 3 3 1 2 4 5 Yes  0% - 5% Somewhat 

78 1 5 4 5 5 5 1 2 5 5 Yes  
0% I don't want my rates to 
increase at all 

Really 

79 5 1 5 5 5 5 1 5 5 5 
Not 
Sure 

0% - 5% Somewhat 

80 3 2 1 4 5 4 1 2 3 5 
Not 
Sure 

0% - 5% Somewhat 

81 1 2 1 1 1 1 1 5 1 5 
Not 
Sure 

0% - 5% Somewhat 

82 2 5 1 3 4 2 3 4 1 5 Yes  
0% I don't want my rates to 
increase at all 

Somewhat 

83 1 5 2 4 3 3 1 4 5 2 
Not 
Sure 

0% I don't want my rates to 
increase at all 

Not 
Important 

84 4 5 1 3 2 3 1 4 2 5 
Not 
Sure 

0% I don't want my rates to 
increase at all 

Really 

85 5 3 5 1 2 4 1 3 2 5 Yes  0% - 5% Really 

86 1 2 5 4 3 3 2 1 4 5 Yes  10% - 20% Somewhat 

87 1 5 2 4 3 5 2 1 3 4 
Not 
Sure 

0% I don't want my rates to 
increase at all 

Somewhat 

88 3 4 5 2 1 4 1 2 5 3 
Not 
Sure 

0% - 5% Somewhat 

89 2 5 3 1 4 5 1 3 4 2 Yes  
0% I don't want my rates to 
increase at all 

Somewhat 

1
77

 



 
 

 
 

90 3 4 5 2 1 3 2 1 5 4 Yes  0% - 5% Somewhat 

91 2 4 1 3 5 1 3 2 4 5 
Not 
Sure 

0% - 5% Somewhat 

92 5 4 3 1 2 2 1 3 4 5 Yes  
0% I don't want my rates to 
increase at all 

Not 
Important 

 
2.51 4.02 2.59 3.40 2.57 3.18 1.57 3.17 3.00 4.21 
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TABLE B.5: Individual Survey Question Breakdown 

 

Question Respondent Choices Percentage Respondents 

7 Yes 9% 8 

 
No 86% 75 

 
Not Sure 5% 4 

    
8 Very Low 6% 5 

 
Average 59% 51 

 
Too High 25% 22 

 
Not Sure 10% 9 

    
9 Mine are lower than my neighbors 8% 7 

 
Mine are about the same as my neighbors 23% 20 

 
Mine are higher than my neighbors 18% 16 

 
I am not sure how my bills compare to my 

neighbors 
51% 44 

    
10 A lot 30% 26 

 
Some 43% 38 

 
A little 17% 15 

 
None 10% 9 

    
11 Yes 48% 42 

 
No 52% 46 

    
11a Yes 67% 28 

 
No 7% 3 

 
Not Sure 26% 11 

    
12 Yes 38% 33 

 
No  59% 51 

 
Not Sure 3% 3 

    
13 Yes  36% 32 

 
No 17% 15 

 
Not Sure 47% 41 

    
14 No 35% 31 

 
Yes 65% 57 

    
14a Yes 54% 31 

 
No 18% 10 

 
Not Sure 28% 16 
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15 0-2 Years 11% 9 

 
2-5 Years 68% 55 

 
5-10 Years 26% 21 

 
10+ Years 4% 3 

    
16 Adding more insulation to walls and ceiling 31% 33 

 
Replacing light bulbs with more efficient bulbs 7% 7 

 
Replacing windows 27% 28 

 
Replacing appliances with more efficient 

appliances 
10% 10 

 
Replacing air conditioning or heating systems 26% 27 

    
17 Improve the environment 11% 11 

 
Save on monthly operating costs 57% 56 

 
Reduce the U.S. dependence on foreign oil 15% 15 

 
Add value to the home 11% 11 

 
Reduce climate change and greenhouse gases 5% 5 

    
18 Yes  63% 55 

 
No 5% 4 

 
Not Sure 33% 29 

    
19 0%, I don't want my rates increased at all 38% 33 

 
0% - 5% 45% 39 

 
5% - 10% 14% 12 

 
10% - 20% 1% 1 

 
More than 20% 0% 0 

    
20 Really 28% 24 

 
Somewhat 59% 51 

 
Not Important 13% 11 
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TABLE B.6: Question 10 and 14 Survey Result Calculations 

 

Survey Q10 Q14 BTU/SqFt/DD Ranking 

1 Some Yes 28.04 20% 

2 A lot Yes 18.84 60% 

3 Some Yes 15.91 70% 

4 A lot Yes 16.67 70% 

5 A lot Yes 40.17 10% 

6 A lot Yes 21.58 40% 

7 A little No 12.75 80% 

8 A lot Yes 12.72 80% 

9 A lot No 14.94 70% 

10 Some Yes 12.31 90% 

11 A lot No 33.82 10% 

12 A little Yes 19.03 50% 

13 A little Yes 23.49 40% 

14 Some Yes 17.96 60% 

15 None No 29.18 20% 

16 Some Yes 30.02 20% 

17 Some No 22.24 40% 

18 Some No 18.91 60% 

19 Some Yes 16.11 70% 

20 A lot Yes 18.53 60% 

21 Some Yes 22.54 40% 

22 Some No 25.12 30% 

23 None No 22.74 40% 

24 None No 24.58 30% 

25 Some Yes 15.78 70% 

26 A lot Yes 16.87 60% 

27 A lot No 35.77 10% 

28 A lot Yes 29.75 20% 

29 Some Yes 35.91 10% 

30 Some Yes 28.55 20% 

31 A little Yes 17.06 60% 

32 Some No 24.97 30% 

33 A little No 12.92 80% 

34 Some Yes 17.07 60% 

35 A lot No 21.81 40% 

36 Some Yes 33.15 20% 

37 Some Yes 18.33 60% 

38 A little Yes 41.06 10% 

39 A little Yes 16.86 70% 

40 A little Yes 15.11 70% 
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41 A lot Yes 18.02 60% 

42 A lot No 15.39 70% 

43 Some No 18.98 60% 

44 Some Yes 27.28 20% 

45 None Yes 23.89 30% 

46 A lot Yes 5.64 90% 

47 A lot Yes 27.45 20% 

48 Some Yes 42.68 10% 

49 None Yes 14.76 80% 

50 Some No 16.52 70% 

51 A lot Yes 16.08 70% 

52 Some Yes 17.96 60% 

53 Some Yes 14.01 80% 

54 A little Yes 22.05 40% 

55 Some No 14.91 70% 

56 Some No 17.95 60% 

57 A lot Yes 10.11 90% 

58 Some Yes 14.74 80% 

59 A lot No 12.62 80% 

60 Some No 18.15 60% 

61 A little Yes 26.1 30% 

62 Some No 18.36 60% 

63 Some No 19.6 50% 

64 Some Yes 15.06 70% 

65 A lot Yes 15.98 70% 

66 A lot No 17.22 60% 

67 Some Yes 18.43 60% 

68 Some No 13.53 80% 

69 A little No 23.2 40% 

70 None No 29.18 20% 

71 A little Yes 16.65 70% 

72 None Yes 24.82 30% 

73 A little Yes 16.25 70% 

74 A lot No 11.03 90% 

75 A lot No 14.52 80% 

76 A little Yes 17.22 60% 

77 Some No 18.35 60% 

78 None Yes 15.12 70% 

79 Some Yes 16.64 70% 

80 Some No 18.43 60% 

81 Some Yes 8.82 90% 

82 Some Yes 10.06 90% 

83 Some Yes 13.12 80% 
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84 Some No 17.96 60% 

85 A lot Yes 16.09 70% 

86 A lot Yes 7.99 90% 

87 A lot Yes 15.67 70% 

88 A little Yes 14.53 80% 

89 A little No 20.72 50% 

90 A little No 22.39 40% 

91 None No 23.78 30% 

92 A little No 27.12 20% 

 

Combined Results 

Question Response Total Top 50% Results 

10 A lot/Some 64 48 75% 

14 Yes 57 41 72% 

  Both 40 28 70% 
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APPENDIX 

C 

ON-SITE ANALYSIS DATA 
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FIGURE C.1: Selected Residents Invitation Letter 
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Property Summary Reports 

Figure C.2 Property #1 

Date of Analysis: 6/7/11 Time: 0800    

Temperature: 80F  Climate:  Warm, Humid 

Current B.S.D.: 16.00 CFM @ 50P: 3200 

Air Exchanges per Hour: 10.04    

Overall Analysis:  

The home analyzed is outperforming a majority of the homes in Woodbine in 

regards to energy consumption.  This high performance is due to the positive homeowner 

habits and above average mechanical systems.  CFL’s were found throughout the home 

and the high efficiency furnace is in excellent condition.  The building envelope is 

showing significant leakage in the attic and exterior walls.  The homeowner should be 

commended on the basement rim joists sealant as it is performing very well.  The 

recessed lights in the back room are leaking as well as the exterior wall outlets.  It is 

recommended that a thermal picture be taken of the exterior when the temperature 

differential reaches 30 degrees to further analyze the possibility of exterior envelope 

improvements.   
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Figure C.3 Property #2 

Date of Analysis: 5/31/11 Time: 1400 

Temperature: 78F  Climate:  Warm, Dry 

Current B.S.D.: 14.76 CFM @ 50P: 2200 

Air Exchanges per Hour: 7.08 

Overall Analysis: 

The home is outperforming a majority of the homes in Woodbine, Iowa in regards 

to energy consumption.  The building envelope is above average and the mechanical 

systems are all in excellent condition.  It is recommended that the homeowner look into 

using more energy efficient light bulbs, specifically in the basement.  CFL technology 

has advanced significantly in the past few years and many bulbs offer the same light 

output with much less energy usage.  The homeowner has recently completed renovation 

of a “3 seasons” room between the home and garage.  The blower door indicated that this 

room is currently not sealed properly, so it is recommended that the doors to the room 

remain closed to separate the conditioned space to the unconditioned space.  Overall, the 

homeowner habits and recent investments in mechanical systems and appliances have 

had a definite benefit towards lowering the home’s energy consumption. 
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Figure C.4 Property #3 

Date of Analysis: 6/2/11 Time: 1200 

Temperature: 82F  Climate:  Warm, Humid 

Current B.S.D.: 9.29  CFM @ 50P: 1200 

Air Exchanges per Hour: 5.05 

Overall Analysis: 

The home analyzed performs better than a majority of homes in the Woodbine 

community.  A visual inspection of the property showed an R50 in the attic and sufficient 

insulation in the exterior walls.  The mechanical systems are of superior quality and are 

performing normally.  The blower door performed verifies the home’s performance with 

an air exchanges per hour rate of just over 5.  This home meets and exceeds the 

performance measures of many new construction homes built today.  The homeowners 

should be commended by their use of high efficiency appliances and programmable 

thermostats.  These homeowner habits are in no doubt assisting in the low energy use of 

the home.  The home would be a possible candidate for radiant barrier placed in the attic 

rafters.  The position and style of the home is absorbing an above average amount of 

solar heat.  
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Figure C.5 Property #4 

Date of Analysis: 6/1/11 Time: 1200 

Temperature: 74F  Climate:  Cool, Dry 

Current B.S.D.: 16.11 CFM @ 50P: 3100 

Air Exchanges per Hour: 14.51 

Overall Analysis: 

The home is performing better than the average home in Woodbine, IA.  The 

furnace has recently been replaced by a high efficiency heat pump which will assist in 

lowering the current B.S.D.  The building envelope has multiple leaks around the 

basement rim joists and exterior walls.  This is common with the period of home.  The 

home would be a good candidate for exterior insulation as well as sealant of the rim 

joists.  This improvement would not only assist in the energy costs but also the comfort 

level of the homeowner.  There was no attic access to inspect the unconditioned space of 

the home. 
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Figure C.6 Property #5 

Date of Analysis: 6/9/11 Time: 15:00 

Temperature: 80F  Climate:  Cool, Breezy 

Current B.S.D.: 14.01 CFM @ 50P: 2500 

Air Exchanges per Hour: 3.45 

Overall Analysis: 

The home is performing exceptionally well in regards to energy usage.  The air 

exchanges per hour in the home meet the standards of an energy efficient home.  The 

building envelope shows opportunity for improvements in living areas above the crawl 

space as well as the 2
nd

 floor storage closet.  Properly sealing the attic access and the 

storage closet door will not only improve the CFM, but will likely improve the comfort 

level of the rooms immediately adjacent to the area.  The homeowners should be 

commended for being a leader in the community in regards to energy efficiency as can be 

noted by the closed loop geothermal mechanical system that was installed in 2010 and the 

compact fluorescent bulbs being used throughout the home.  Noted during the energy 

analysis were the multiple electronic devices in the home.  The homeowner is encouraged 

to invest in “smart strip” surge protectors.  A growing number of electronic devices 

continue to draw wattage while they are not in use.  Things such as computer monitors, 

DVD players, stereo software, etc., use electricity 24 hours a day.  Smart strips cause 

these accessory devices only to turn on when the computer is on or the television is 

turned on.  These can be purchased for as low as $20 and have been found to have a great 

return on investment. 
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Figure C.7 Property #6 

Date of Analysis: 6/2/11 Time: 1300 

Temperature: 84F  Climate:  Warm, Humid 

Current B.S.D.: 18.95 CFM @ 50P: 1700 

Air Exchanges per Hour: 7.26 

Overall Analysis: 

The building envelope of the home is performing very well.  During the blower 

door tests, leakage was found around the exterior outlets, basement windows, and 

basement penetrations, specifically the plumbing vent pipe extending through the roof.  

While the B.S.D. is below the average of Woodbine residence, there is opportunity for 

improvement.  The attic is currently R19 insulation.  It is recommended that homes in 

this climate zone have a minimum R36 in the attic space.  The gas water heater is 

approximately 20 years old.  Investment in a new high efficient or on demand system will 

reduce the monthly expense of the system. 
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Figure C.8 Property #7 

Date of Analysis: 5/31/11 Time: 8:30 am 

Temperature: 62F  Climate:  Cool, Dry 

Current B.S.D.: 21.58 CFM @ 50P: 3,300 

Air Exchanges per Hour: 9.56 

Overall Analysis: 

The home is using energy consistent with the age and condition.  The mechanical 

systems and appliances are all in excellent shape and are assisting in lowering the BSD.  

The building envelope is well insulated and the windows are sealed and of above average 

condition.  The main cause of the building envelope leakage is taking place along the 

basement rim boards, the crawl space, and, most significantly, the attic space.  Air 

leakage was also found in the second floor closets.  It is suggested that the homeowner 

may look into improving the attic access and condition in the future. 
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Figure C.9 Property #8 

Date of Analysis: 6/2/11 Time: 1000 

Temperature: 74F  Climate:  Warm, Breezy 

Current B.S.D.: 28.04 CFM @ 50P: 2350 

Air Exchanges per Hour: 8.03 

Overall Analysis: 

The B.S.D. on this home takes into account 3 years of utility information.  It is 

recognized that the current homeowner has not occupied the residence for the 3 years, so 

homeowner habits of the previous and current occupant cannot be determined in effecting 

the B.S.D.  The building envelope of the property is performing well and is close to 

meeting new home standards.  There was minimal leakage identified through multiple 

attic penetrations, the back slider door, basement rim joists, and exterior outlets.  The 

windows of the property are in average condition and are not hurting or helping the 

B.S.D.  The property could benefit from the usage of compact fluorescent lighting.  The 

mechanical systems and appliances are all working properly. 
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Figure C.10 Property #9 

Date of Analysis: 6/2/11 Time: 1100 

Temperature: 76F  Climate:  Warm, Breezy 

Current B.S.D.: 31.73 CFM @ 50P: 1100 

Air Exchanges per Hour: 5.14 

Overall Analysis: 

The building envelope of the home is performing at new construction housing 

standards.  The windows are sealed properly and the storm windows are assisting in the 

energy efficiency of the home.  The homeowners should be commended on their positive 

energy habits including the use of compact fluorescent lighting and adjusting the 

thermostat while the home is unoccupied.  While a more in-depth inspection by a 

certified HVAC technician is needed, the high B.S.D. seems to be the result of an 

undersized A/C unit.  Since the installation of the A/C unit, the occupant number has 

increased and the basement is now being conditioned.  While there is some thermal gain 

through the large front home windows, it is the recommendation that any energy efficient 

upgrades be focused on the mechanical system. 
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Figure C.11 Property #10 

Date of Analysis: 5/31/11 Time: 1000 

Temperature: 68F  Climate:  Cool, Dry 

Current B.S.D.: 27.28 CFM @ 50P: 3000 

Air Exchanges per Hour: 9.85 

Overall Analysis: 

The air exchange per hour for this period of home is above average.  The building 

envelope is performing well, with minimal air leakage around the windows and doors.  

The basement is completely finished, so inspection of the rim joists was not completed.  

All mechanical systems and appliances are of superior condition.  The homeowner should 

be commended for their use of a high efficiency furnace and on-demand water heater.  

After closer inspection of the exterior A/C unit, there is visible damage which may be 

deteriorating its performance.  The home has an abundance of lighting in the basement.  

It is recommended that all light bulbs used more than 1 hour a day be replaced with 

compact fluorescent lighting.  The higher than usual B.S.D. is most likely simply a result 

of an active household.   
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Figure C.12 Property #11 

Date of Analysis: 6/6/11 Time: 1100 

Temperature: 85F  Climate:  Warm, Humid 

Current B.S.D.: 18.98 CFM @ 50P: 2100 

Air Exchanges per Hour: 9.05 

Overall Analysis: 

The home is performing above average for the community of Woodbine, IA.  The 

blower door detected air leakage from the exterior heat registers, basement penetrations, 

and patio door.  The rim joists are insulated well and the mechanical systems are in great 

condition.  It is recommended that the homeowner invest in a programmable thermostat 

that adjusts while the home is unoccupied.  It is also recommended that all lighting used 

more than 1 hour a day be replaced to a more high efficiency bulb.  The attic and walls of 

the home are sufficiently insulated.  The homeowner indicated a temperature difference 

in the master bedroom.  The blower door indicted that this was perhaps an HVAC 

balance issue and not a building envelope issue.  A licensed HVAC technician can 

inspect the ducting and mechanical systems to insure and modify as needed. 
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Figure C.13 Property #12 

Date of Analysis: 6/7/11 Time: 1000 

Temperature: 84F  Climate:  Warm, Humid 

Current B.S.D.: 24.79 CFM @ 50P: 3500 

Air Exchanges per Hour: 13.08 

Overall Analysis: 

The home analyzed is using more energy per square foot than the average home in 

Woodbine, IA.  This seems to be attributed by the building envelope as well as possible 

mechanical issues.  The blower door indicated air leakage around the lower level 

windows, the exterior outlets, and multiple basement penetrations.  Many of these 

basement penetrations can be sealed with expandable foam or caulking, which will help 

improve the comfort level of the space.  While the furnace is in excellent condition, there 

is concern that the A/C unit may be undersized for the specific occupants and home.  It is 

recommended that a certified HVAC technician examine the unit for sizing issues.  While 

the water heater is currently working sufficiently, a water heater blanket can be purchased 

for less than $10 and can improve the efficiency of the unit immediately.  As with all 

homes, using a programmable thermostat and compact fluorescent bulbs offer immediate 

return on their investment and can assist in reducing monthly energy costs. 
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Figure C.14 Property #13 

Date of Analysis: 6/1/11 Time: 0915 

Temperature: 68F  Climate:  Cool, Dry 

Current B.S.D.: 22.05 CFM @ 50P: 2300 

Air Exchanges per Hour: 16.83 

Overall Analysis: 

The home is using energy consistent with the period in which it was built.  The 

building envelope on this specific home offers opportunity to reduce the monthly energy 

costs.  The basement of the property is easily accessible and a majority of the leakage is 

coming from this area.  It is recommended that the rim joists be sealed and insulated 

properly, along with the basement windows.  The ductwork in the basement area is in an 

unconditioned space and should be insulated and sealed to prevent wear and overuse on 

the mechanical systems.  A programmable thermostat will allow the mechanical system 

to shut down while the occupant is away, which will also cut energy costs immediately.  

As with all properties, compact fluorescent bulbs should be used wherever possible. 
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Figure C.15 Property #14 

Date of Analysis: 6/1/11 Time: 1400 

Temperature: 78F  Climate:  Warm, Dry 

Current B.S.D.: 30.02 CFM @ 50P: 1400 

Air Exchanges per Hour: 8.87 

Overall Analysis: 

The building envelope is performing exceptionally well and the homeowner’s 

habits are in line which what should be a low B.S.D.  All of the mechanical systems and 

appliances are less than 10 years of age and, while the thermostat is not programmable, 

the homeowner is manually doing setbacks as the home is unoccupied.  The attic and wall 

insulation are sufficient for the climate narrowing the high B.S.D. number to a possible 

mechanical concern.  It is the recommendation of the inspector that the homeowner have 

the mechanical system inspected to insure proper performance.  While the units are less 

than 10 years old, there is a possibility of electrical issues causing the system to work 

improperly. 
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Figure C.16 Property #15 

Date of Analysis: 6/2/11 Time: 1600 

Temperature: 86F  Climate:  Warm, Humid 

Current B.S.D.: 19.03 CFM @ 50P: 1700 

Air Exchanges per Hour: 12.58 

Overall Analysis: 

The home is performing above average and the building envelope shows minor 

leakage around the windows and doors.  The home is currently undergoing a basement 

construction project and when completed will help lower the amount of leakage and 

energy use on the property.  The mechanical system is a high efficiency unit in excellent 

condition.  The insulation in the attic and walls are sufficient for the climate region.  It is 

recommended to insulate the hot water line leaving the water heater as it will help with 

efficiency at minimal cost.  Using a properly installed programmable thermostat will also 

help in reducing the energy usage on the property while the home is unoccupied.  
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Figure C.17 Property #16 

Date of Analysis: 6/6/11 Time: 1000 

Temperature: 82F  Climate:  Warm, Humid 

Current B.S.D.: 31.10 CFM @ 50P: 2600 

Air Exchanges per Hour: 10.92 

Overall Analysis: 

The building envelopes leakage is typical for the period of home.  Air leakage 

was found around the exterior outlets and windows indicating a possible candidate for 

exterior closed cell wall insulation.  The mechanical systems are of superior quality and 

the addition of a programmable thermostat will only further enhance performance.  It is 

always a good idea to replace burnt out light bulbs with more energy efficient compact 

fluorescents.  The higher than average B.S.D. number can possibly be attributed to the 

additional appliances in the basement and the building envelope leakage.  The upstairs of 

the home is currently unoccupied, so properly sealing the upstairs door will help improve 

the air exchanges per hour rating. 

 

 

 

 

 

 

 



202 
 

 
 

 

Figure C.18 Property #17 

Date of Analysis: 6/1/11 Time: 1000 

Temperature: 70F  Climate:  Cool, Dry 

Current B.S.D.: 25.12 CFM @ 50P: 4860 

Air Exchanges per Hour: 10.96 

Overall Analysis: 

For the period of the home, the building envelope is performing exceptionally 

well.  The leakage found was coming through around the rim of the home and the attic 

space.  The insulation in the exterior walls and attic are above average for the climate and 

in good condition.  The home has numerous windows that are sealed properly, but are 

still attributing to the higher B.S.D. through thermal gain.  Another attribute to the higher 

energy use is the amount of lighting in the home.  It is recommended that the homeowner 

invest in higher efficiency fluorescent bulbs.  Technology has advanced rapidly in the 

past few years to offer homeowners the same light output with much less energy use.  A 

programmable thermostat would also help regulate the home when unoccupied to help 

further reduce the energy usage of the home. 
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Figure C.19 Property #18 

Date of Analysis: 6/6/11 Time: 1600 

Temperature: 89F  Climate:  Hot, Windy 

Current B.S.D.: 24.97 CFM @ 50P: 1450 

Air Exchanges per Hour: 9.25 

Overall Analysis: 

The home’s energy use is higher than that of a typical Woodbine residence.  The 

building envelope indicated air leakage around the rim joists in the basement.  It is 

recommended that the rim joist be properly sealed and insulated prior to finishing the 

space.  The attic insulation in the area should be a minimum R36.  Currently the home 

has R19 insulation in the attic space.  Adding additional insulation to the attic space will 

relieve some load on your mechanical systems.  The mechanical systems are all working 

properly.  To help maintain the lifespan a programmable thermostat could be installed to 

help regulate the air temperature while the occupant is away. 
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Figure C.20 Property #19 

Date of Analysis: 5/31/11 Time: 1300 

Temperature: 80F  Climate:  Warm, Dry 

Current B.S.D.: 16.58 CFM @ 50P: 2300 

Air Exchanges per Hour: 12.41 

Overall Analysis: 

The home has recently been completely renovated over the past year, which will 

only reduce the current B.S.D.  The home received new wall and attic insulation, new 

energy efficient appliances, lighting, and a new mechanical system.  The blower door 

indicated that the majority of the leakage is coming from the crawl space around the rim 

joists of the home.  It is recommended that this area be sealed and insulated to help 

improve the comfort level of the home. 

 

 

 

 

 

 

 

 

 

 



205 
 

 
 

 

Figure C.21 Property #20 

Date of Analysis: 6/9/11 Time: 15:45  

Temperature: 80F  Climate:  Cool, Breezy 

Current B.S.D.: 29.85 CFM @ 50P: 670 

Air Exchanges per Hour: 5.98 

Overall Analysis: 

The building envelope of the home is performing exceptionally well, which is 

often the most critical component of the home’s performance in regards to energy 

efficiency.  The higher BSD is most likely a result of the electric baseboard heat and air 

conditioner being used.  This heating and cooling method is more costly to operate than a 

central HVAC system.  While there is opportunity to reduce your monthly bills by 

installing a whole-house mechanical system, the upfront installation cost is not 

economical for this particular home.  It is estimated that a new HVAC system could take 

15-20 years at today’s utility rates to recover the investment.  There may be an 

opportunity for newer, more efficient baseboard heaters.  Today’s electric baseboard 

heaters operate significantly more efficiently and provide a more comfortable source of 

heat.  It should be noted that the style and design of the home, while built in the 1970s, is 

a design style that lends itself toward energy efficiency, especially passive solar. 
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Figure C.22 Property #21 

Date of Analysis: 6/7/11 Time: 0900 

Temperature: 82F  Climate:  Warm, Humid 

Current B.S.D.: 21.85 CFM @ 50P: 950 

Air Exchanges per Hour: 6.21 

Overall Analysis: 

The home’s energy usage is average for the community of Woodbine, IA.  The 

building envelope is performing extremely well with an air exchange rating near new 

construction standards.  The homeowner has been actively remodeling the home and has 

done an exceptional job sealing the envelope.  The rim insulation is professionally 

completed and the lighting is performing excellently.  The mechanical systems are all in 

good quality and a programmable thermostat is being used properly.  The home may be a 

good candidate for radiant barrier in the attic space.  Radiant barrier will help reflect the 

solar heat in the attic space and improve the comfort level of the home.  It is 

recommended that the mechanical systems get a yearly inspection from a certified HVAC 

technician to insure that the electrical board is sensing and working properly. 
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Figure C.23 Property #22 

Date of Analysis: 6/6/11 Time: 1400 

Temperature: 88F  Climate:  Warm, Humid 

Current B.S.D.: 38.46 CFM @ 50P: 4000 

Air Exchanges per Hour: 20.64 

Overall Analysis: 

The home is in excellent structural condition, but is running a BSD much higher 

than that of an average Woodbine residence.  It should be noted that a daycare is being 

operated out of the home which will cause more energy usage than a typical home.  The 

blower door did indicate significant leakage in the basement and attic penetrations.  By 

caulking and sealing these penetrations, the mechanical systems will run much more 

efficiently.  The home seems to be an excellent candidate for exterior closed cell 

insulation.  The storm windows are working properly and by sealing the exterior walls, 

the air exchanges per hour will be greatly reduced.  The window a/c unit on the second 

floor of the home is possibly too small.  There is some possible efficiency to be gained by 

purchasing two smaller, higher efficiency units that are set to run less frequently. 
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TABLE C.1: Blower Door Reading to Air Exchange Calculations 

 

Property 
Blower Door 

Reading 
CFM50 x 

60 
Building 
Volume 

ACH50 BTU/SqFt/DD 

1 3,300 198,000 20,710 9.56 21.58 

2 670 40,200 6,720 5.98 29.85 

3 2,500 150,000 43,518 3.45 14.01 

4 950 57,000 9,180 6.21 21.85 

5 3,200 192,000 19,116 10.04 16.00 

6 3,500 210,000 16,056 13.08 24.79 

7 2,300 138,000 8,200 16.83 22.05 

8 4,860 291,600 26,612 10.96 25.12 

9 3,100 186,000 12,816 14.51 16.11 

10 1,400 84,000 9,472 8.87 30.02 

11 3,000 180,000 18,266 9.85 27.28 

12 2,300 138,000 11,124 12.41 16.58 

13 2,200 132,000 18,656 7.08 14.76 

14 2,350 141,000 17,560 8.03 28.04 

15 1,100 66,000 12,852 5.14 31.73 

16 1,200 72,000 14,264 5.05 9.29 

17 1,700 102,000 14,052 7.26 18.95 

18 1,700 102,000 8,109 12.58 19.03 

19 2,600 156,000 14,292 10.92 31.10 

20 2,100 126,000 13,920 9.05 18.98 

21 4,000 240,000 11,628 20.64 38.46 

22 1,450 87,000 9,408 9.25 24.97 
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