Energy Efficient Healthy Home Retrofit

A National Strategy to Increase Home Energy Efficiency and Protect Children’s Health through Private Sector Leveraging of Federal Funds

Introduction

An Energy Efficient Healthy Home (EEHH) Retrofit is a package of existing home upgrades and diagnostic tests that can reduce home energy consumption by more than 30% and eliminate a variety of home health hazards that are especially dangerous to children under age six. The specific components of the EEHH retrofit package are based on extensive research relating to children’s health, energy efficiency, and residential market value, and reflect the combined expertise of several national programs and their separate strategies for addressing energy and children’s health issues.  The EEHH Retrofit targets the convergence of these separate strategies, leverages the shared costs of housing rehabilitation, weatherization, and healthy home interventions and achieves significant synergies in testing procedures to verify energy savings and health hazard reduction. 

Energy Efficient Healthy Home Retrofit Goals

A national initiative to encourage widespread adoption of the EEHH Retrofit could achieve the following goals over the next 10 years:

Goal 1. Reduce energy consumption in 15 million homes by 30 percent.

Goal 2. Eliminate childhood lead poisoning.

Goal 3. Substantially reduce deaths and medical and insurance costs resulting from asthma, residential fires, and carbon monoxide (CO) poisoning.

Goal 4. Advance neighborhood revitalization in low-income communities while dramatically reducing the home health hazards that disproportionately and acutely disadvantage the young children in these neighborhoods.

Goal 5. Increase public awareness of Energy Star products that allow consumers to “save money and the environment” by reducing their fuel bills and energy-related carbon, methane, and nitrous oxide emissions.

Components of Energy Efficient Healthy Home Retrofit

The specific components of an EEHH Retrofit, and the national programs and research related to each of these components, are as follows:

· Replace windows, add wall and attic insulation, and reduce air infiltration and duct leakage to achieve specific performance levels established by the Energy Star program, operated by the Environmental Protection Agency (EPA) and Department of Energy (DOE). Energy Star labeled products, including clothes washers, refrigerators, windows and heating and cooling equipment, are supported by a multi-million dollar outreach campaign, maximizing the ability of product manufacturers to identify and advertise the environmental, energy, and money saving features of qualifying products.

· Stabilize deteriorated lead paint, rehang doors to eliminate lead paint friction surfaces, and perform a whole-house dust cleanup to remove both lead hazards and allergens in dust that are common triggers for asthma.  These healthy home interventions are consistent with the regulatory and research programs of the Department of Housing and Urban Development (HUD) Office of Healthy Homes and Lead Hazard Control (OHHLHC).  A proposed federal strategy to eliminate childhood lead poisoning developed by OHHLHC and the President’s Task Force on Environmental Health Risks and Safety Risks to Children also shows that window replacement is a key component of lead hazard abatement.  Windows have higher average paint lead levels than other housing components and friction and impact window surfaces appear to be a key source of lead dust hazards.

· Add insulating wrap to hot water heaters, perform furnace repairs to reduce fire hazards and improve efficiency, and ensure proper venting of combustion equipment.  The DOE Weatherization Assistance Program (WAP) routinely performs these activities and an evaluation of WAP costs and benefits has confirmed the net benefits of these activities in conjunction with adding wall and attic insulation and reducing duct leakage and air infiltration.  Although reducing air infiltration has sometimes been associated with indoor air pollution, a much better understanding of this indoor air quality and air infiltration has developed over the past two decades.  With basic precautions, indoor air concerns should not be an obstacle to energy conservation, and WAP survey research actually shows that properly weatherized homes can yield significant health benefits.  Survey data collected before and after homes were weatherized show that occupants reported a reduced incidence of colds, flu, allergies, headaches, nausea, and arthritis – which may be affected by the temperature consistency, CO levels, and draftiness of a home.  A control group showed no change over the same time period. 

· Conduct inspection and diagnostic testing to verify insulation levels, air infiltration and duct leakage, lead and allergen loading in dust samples, and efficient operation, fire-safety, and proper venting of combustion equipment.  Home inspectors routinely perform some of these activities at the time of home resale.  The EEHH Retrofit would also include diagnostic tests that are required by the Energy Star program, and routinely performed by the WAP, to verify energy efficiency performance.  Dust testing is also required to verify the effectiveness of dust lead cleanup under a new HUD regulation that applies to federally assisted housing, and ongoing research has shown that dust tests can also effectively verify allergen dust reduction.  

Analysis conducted for the Partnership for Advancing Technology in Housing (PATH) indicates that this retrofit package will reduce energy consumption by 30% or more in a typical pre-1980 detached home.  PATH is a public/private initiative committed to accelerating the creation and use of advanced housing construction technologies, and reducing energy use in 15 million existing homes by 30 percent by the year 2010.  ICF Consulting developed the EEHH Retrofit as a way to achieve the PATH goal for existing homes and address a variety of home health hazards.  PATH has chosen to target pre-1980 homes because research shows that these homes are less energy efficient than newer homes and are more likely to have home health hazards.  The use of lead paint in housing was banned in 1978, and pre-1980 homes also account for a disproportionate share of childhood asthma, CO poisoning, and residential fires. The EEHH Retrofit strategy would also target homes with single-pane windows because single-pane windows are less energy efficient and the presence of double-pane windows in pre-1980 homes usually indicates that older window with lead paint have already been replaced.  Therefore, this retrofit strategy would target the most inefficient portion of the housing stock, accounting for a substantial majority of home health hazards.
Estimated Cost and Prior Research on Potential Market Value

ICF estimates that the average cost of an EEHH Retrofit will be $10,000 for a typical detached home.  Two-thirds of this amount reflects the cost of window replacement, based on engineering cost estimates from Remodeling Magazine.  The other one-third of the total cost estimate reflects WAP cost data for adding insulation and reducing air infiltration and duct leakage and OHHLHC cost data for lead hazard reduction, including paint stabilization and dust cleanup.  

Research by ICF Consulting, published in The Appraisal Journal (October 1998), examined how energy efficiency affects home value, based on a review of older research (mostly from the 1970s) and a statistical analysis of American Housing Survey (AHS) data from 1991 through 1996.  The older research suggests that market values for energy efficient homes reflect a rational trade-off between homebuyers’ fuel savings and their after-tax mortgage interest costs.  ICF used the AHS data to explicitly test this “rational market hypothesis” and found that home value increased by $20 for every $1 reduction in annual utility bills (after controlling for other housing characteristics) consistent with after-tax mortgage interest rates of about five percent from 1991 to 1996. The EEHH Retrofit is expected to reduce a typical pre-1980 detached home’s fuel bill by more than $500 per year, and the published ICF research indicates that this fuel bill reduction would increase home value by more than the $10,000 cost of the retrofit.  

A second ICF article in The Appraisal Journal (October 1999) found that window replacement increases home value both as a result of increased energy efficiency and as a result of value that homebuyers assign to the appearance and ease of use of new windows.  This second ICF study found that the appearance and ease of use of new windows adds about $1,500 to the market value associated with increased energy efficiency. Therefore, these two ICF studies together suggest that the EEHH Retrofit could increase home value by more than $11,500, versus a total retrofit cost of $10,000.

By leveraging the shared costs of energy efficiency and healthy home upgrades, the EEHH Retrofit would also realize substantial health benefits with relatively little incremental cost.  In the case of lead paint hazard reduction alone, OHHLHC analysis shows that the EEHH Retrofit could produce more than $20,000 in monetized health benefits for every retrofitted pre-1960 home with children under the age of six.  Lead is a toxin that is particularly damaging to the developing brain and central nervous system of young children, and extensive research has shown that childhood lead poisoning at high levels can cause coma, convulsions, and death.  Even at lower levels, lead poisoning in young children results in reduced intelligence, learning disabilities, impaired hearing, and slowed growth, and recent research has linked childhood lead exposure to delinquent and criminal behavior later in life.  Nationwide, almost one million children under age six have blood lead above the level of concern specified by the Centers for Disease Control (CDC), even though lead poisoning is entirely preventable - and directly associated with lead paint hazards. 

Limitations of Prior Research and Apparent Market Failure

The ICF research revealed a clear relationship between fuel bills and market value in large data samples, but showed a wider margin of error in smaller samples, presumably because fuel bills are also affected by occupant behavior and provide only a rough indicator of energy efficiency.  By contrast, one of the smaller studies reviewed by ICF examined the resale value of homes built just before and after the adoption of a new energy efficient homebuilding code in a specific location.  In this case, homebuyers had a clear measure of energy efficiency, and the market value of energy efficiency in this small sample was shown to be consistent with the average fuel savings resulting from the new building code discounted at after-tax mortgage interest rates.  

In light of the profoundly negative impacts of childhood lead poisoning, families with young children, or planning to have children, might be expected to pay a premium for homes retrofitted with lead-free windows and tested for lead dust hazards.  It is also likely that homebuyers would pay a premium for a verified reduction in fire hazards, CO poisoning risk, and allergens associated with asthma.  Unfortunately, residential real estate markets do not give homebuyers any consistent, reliable, and easily understood measure of the energy efficiency or health risk characteristics of an individual home.  The ICF research shows that home value, on average, increases with lower fuel bills, but this increase in home value is not as consistent in smaller samples because fuel bills are only a crude indicator of energy efficiency.  Homebuyers will not pay a consistent premium for energy efficiency and health hazard reduction when they cannot verify these characteristics with respect to a specific home.  Homeowners, in turn, are less likely to make energy efficiency and healthy home upgrades to their homes because they are uncertain about the extent to which they can recover this upgrade cost when they sell their home.  The EEHH Retrofit is designed to overcome this market failure by establishing a specific combination of home upgrades that can be easily identified by homebuyers as a certification of healthy home characteristics and whole-house structural energy efficiency. 

Immediate Impact, Research Validation, and Market Transformation Strategy

PATH has developed a 3-phase strategy for establishing the EEHH Retrofit certification as a recognized measure of healthy home characteristics and structural energy efficiency.  The first phase anticipates an immediate market impact initiative, leveraging the resources of federal programs that already provide housing upgrade assistance.  The second phase will provide ongoing research validation of the expected costs and benefits of the EEHH Retrofit.  The third phase will use this research documentation to support a more extensive outreach, education, and market transformation campaign to encourage EEHH Retrofits by households that are not eligible for any upgrade assistance.

· Immediate Impact: The EEHH Retrofit strategy will initially focus on low to moderate-income households eligible for federal upgrade assistance.  Federal programs already provide $2.2 billion per year for housing rehabilitation, weatherization, and healthy home interventions.  This strategy will also leverage the existing distribution and delivery networks of state and local program affiliates that receive these federal funds, and expand the infrastructure of contractors trained in performing the diagnostic and upgrade components of this home retrofit package.  Other public and private entities with an interest in energy efficiency and/or children’s health issues will also be solicited for additional funding to rapidly expand the number of low- to moderate-income households that can benefit from this home retrofit.  A limited outreach effort will also encourage middle to upper income households (not eligible for assisted upgrades) to consider making this home retrofit investment.  Families with young children, or planning to have children, will be targeted to communicate how this upgrade reduces childhood health hazards.  Households planning to replace windows will also be encouraged to make the additional investment needed to maximize their expected energy savings and health hazard reduction.  (Almost two percent of middle and upper income homeowners already replace all of their windows each year.)  As an incentive for middle to upper income households to participate in the required data collection for ongoing research, this initiative could also subsidize diagnostic costs (but not upgrade costs) without regard to household income.  An outreach effort to enlist participants could then target new parents by working with existing prenatal care programs, and target households that replace windows by working with window manufacturers and installers. 

· Research Validation: A detailed database for retrofitted homes will be maintained to support ongoing research documenting and verifying the expected energy savings, health hazard reduction, and home resale value associated with the EEHH Retrofit.  Within 6 to 12 months, sufficient data should be available to report preliminary findings for upgrade costs and for pre-retrofit and post-retrofit diagnostic tests measuring specific energy efficiency and health hazard characteristics.  Within 12 to 18 months, data on pre-retrofit and post-retrofit fuel costs should become available to verify the expected annual savings associated with diagnostic tests measuring energy efficiency improvements.  Within this same time frame, preliminary data should also become available for 6-month reevaluation diagnostic tests for health hazard characteristics, to begin the process of verifying that the EEHH Retrofit provides enduring health benefits.  These preliminary results are expected to support a more aggressive effort to encourage middle to upper income households to make this home retrofit investment based on documented energy savings and health hazard reduction.  Adding middle to upper income households to the database of EEHH Retrofits would also ensure that conclusions drawn from ongoing research would apply across income brackets and housing market characteristics associated with income. 
· Market Transformation: Over a longer time period (1 to 5 years) the database of EEHH Retrofits will continue to expand, documenting retrofit costs, energy savings, and health hazard reduction across a more geographically and economically diverse group of households.  Furthermore, this ongoing research will also track the market value and health benefits associated with the EEHH Retrofit compared with homes that have not performed this retrofit.  Research comparing the resale value of retrofitted homes with otherwise comparable homes is expected to demonstrate that the EEHH Retrofit increases home value by more than the total retrofit cost.  Research comparing EEHH Retrofits with otherwise comparable homes is also expected to show that this retrofit package virtually eliminates the risk of childhood lead poisoning and substantially reduces the prevalence of asthma, residential fires, and CO poisoning.  As the database is expanded, the demonstrated net benefits of the EEHH Retrofit are expected to support a major market transformation initiative, substantially increasing the number of homeowners that make this home retrofit investment.

Opportunities for Leveraging Federal Funds

By linking the goal of energy efficiency with home health hazard reduction, the EEHH Retrofit strategy would substantially increase both the individual incentives for investing in this home retrofit, and the potential sources of funding for low-income household retrofit assistance.  The potential sources of non-federal funding for this effort include:

· Fannie Mae and/or Fannie Mae Foundation: Corporate and/or foundation sponsorship would enhance the credibility, independence, and objectivity of the Research Validation phase of this initiative.  Ideally, a health research foundation could team with Fannie Mae and/or the Fannie Mae Foundation to support this research.  Fannie Mae has a history of supporting efforts to eliminate lead paint hazards, provides funding for utility-sponsored loan programs for home energy efficiency upgrades, and has recently initiated a pilot program to capture the value of emission reductions due to energy efficiency.  This pilot program seeks to capture the emission reductions associated with energy efficient new homes, allowing Fannie Mae to bundle the emission reductions associated with many new homes and sell these reductions in emissions trading markets.  Applying this concept to EEHH Retrofits could substantially offset the evaluation and diagnostic costs associated with this retrofit strategy.  Fannie Mae also has a significant corporate interest in research assessing the market value associated with the EEHH Retrofit because the loan-to-value ratio is a key determinant of mortgage default rates.  In principle, the EEHH Retrofit could reduce default risk by increasing market value by more than the cost of this home retrofit – even if the entire cost is financed by a second mortgage.

· A Charitable Fund for EEHH Retrofits for Low-Income Households: A charity dedicated to supporting EEHH Retrofits for low-income households could solicit funds to serve a wide variety of popular charitable causes.  Ideally, this dedicated charity could be co-sponsored by an established housing rehabilitation non-profit, like the Enterprise Foundation, and by Habitat for Humanity.  

· Window Manufacturers: Window replacement accounts for about two-thirds of the EEHH Retrofit cost, and the ongoing research phase of this initiative is designed to demonstrate the energy efficiency, health hazard reduction, and market value benefits of window replacement as part of this whole-house retrofit.  Window manufacturers obviously have a substantial financial interest in supporting this research, and should be solicited for help in funding this initiative.  Habitat for Humanity often receives in-kind donations from housing component manufacturers and the EEHH Retrofit initiative could pursue a similar relationship with window manufacturers.  

· Insulation Manufacturers: Adding insulation accounts for almost 20% of the EEHH Retrofit cost, so insulation manufacturers also have a substantial interest in demonstrating the market value of this home retrofit and should also be solicited for in-kind donations to support this initiative.

· Utilities and State and Local Governments: The WAP often leverages federal funds for weatherization with funds provided by utilities and state and local governments.  The EEHH Retrofit initiative could expand this cooperative funding model to coordinate with state and local children’s health initiatives as well as energy efficiency programs.

· Individual Homeowners: Even low-income homeowners could afford to finance about half of the cost of an EEHH Retrofit because their fuel bill savings would more than offset the principal and interest payments on a home equity loan with a 12-year term at current market interest rates.

The California Market Opportunity

In addition to the national incentives for various organizations and individual households to participate in this research and market transformation initiative, a convergence of recent events makes California uniquely positioned to support a successful launch of the EEHH Retrofit initiative this year.  

· The California Energy Commission (CEC) and the California Public Utility Commission (CPUC) are funding a variety of energy research and market transformation initiatives.

· Energy efficiency programs already funded through Southern California Edison include:

· A training program to teach appraisers, real estate agents, and home inspectors about the ICF research relating residential market value and home energy efficiency

· A training and education program to promote wider use of Energy Star windows

· A training program to provide marketing and initial job support to teach contractors how to detect leaks in residential duct systems

· Pacific Gas and Electric Pacific is already a promotional sponsor for a program that provides loans to PG&E residential customers investing in Energy Star home upgrades.   A bank or other lending institution provides loan documentation, credit approval, and payment processing, and Fannie Mae buys the loans from the financial institution. Contractor activities that can be funded by this program include air infiltration and duct testing and sealing; HVAC diagnostic tune-ups; and the purchase and installation of Energy Star HVAC, windows, and insulation. 
· The current power shortages, and the danger of more severe shortages this summer, has made all homeowners in California especially interested in energy conservation measures, and the Governor has proposed an additional $1 billion for new energy efficiency incentives.

· OHHLHC grantees and WAP affiliates in California have already conducted extensive cross-training to exploit the shared costs of lead hazard reduction and weatherization, and a similar cross-training and coordination effort is underway with other federally funded housing rehabilitation programs in California.   

· The California Children and Families Commission (CCFC) has significantly increased public awareness of the importance of early childhood brain development.  CCFC is the state agency charged with administering Proposition 10, which established a 50-cent-per-pack tax on cigarettes in 1998 to provide $680 million per year in funding for early childhood development programs.  A State Commission administers 20% of these annual revenues to fund research and program activities and the remaining 80% are distributed by County Commissions under guidelines established by the State Commission. The first sentence of the CCFC mission statement is: “Current research in brain development clearly indicates that the emotional, physical and intellectual environment that a child is exposed to in the early years of life has a profound impact on how the brain is organized.”  The profoundly negative impact that lead poisoning has on early brain development is certainly the most extensively researched and documented evidence supporting this mission statement.
In the last six months, California has seen widespread publicity associated with a failed effort to repeal Prop 10, and even more pervasive coverage of recent power shortages.  This increased public awareness of the importance of early childhood brain development, and the need for greater energy efficiency, offers a unique opportunity for introducing the EEHH Retrofit concept that addresses both issues. In addition to preventing childhood lead poisoning, the EEHH Retrofit would also address other home health hazards related to asthma, CO poisoning and fires.  In addition to reducing overall energy consumption, the energy savings from the EEHH Retrofit would be greatest during periods of peak load demand – which is the key concern for utilities and government officials in California.  Public awareness of the multiple benefits of this home retrofit should encourage more homeowners to invest in this retrofit package and encourage more homebuyers to look for the EEHH Retrofit certification when buying a home - a key factor in demonstrating the resale value of this home retrofit.  A successful California launch for the EEHH Retrofit strategy could also have a substantial impact on the state’s current energy crisis, with pre-1980 housing accounting for about 70% of all detached housing and almost two-thirds of housing units with air conditioning in California. 

A Demonstration Program for the President’s Budget Priorities

The EEHH Retrofit strategy could serve as a showcase for demonstrating the expected benefits of spending priorities and new initiatives highlighted in the new administration’s FY2002 budget.  The diverse range of Bush Administration initiatives reflected in the EEHH Retrofit initiative include the following:

· Education: In 1991, the CDC lowered the blood level of concern for young children from 25 to 10 (micrograms of lead per deciliter of blood), based on evidence that lower blood lead levels are harmful to the neurological development of young children and result in deficits in intelligence.  Research published since 1991 also indicates that early childhood blood lead levels as low as 5 can also reduce IQ, and blood lead as low as 2.5 has been linked to lower math and reading scores in grade school.  Comparing long-term trends in gasoline lead exposure and subsequent trends in SAT scores also shows that both verbal and math scores began to decline about 19 years after the rise in gasoline lead and hit all time lows about 19 years after the peak period of gasoline lead exposure.  SAT math scores have now reached an all-time high 19 years after the sharp decline in gasoline lead that occurred in 1980.  SAT verbal scores have also improved somewhat in spite of a significant increase in college bound seniors who speak English as a second language. In addition to the adverse impact of lead poisoning on cognitive ability and academic performance, asthma is also a significant factor in days lost from school, and low-level CO poisoning could also adversely affect a child’s academic performance.  By addressing all of these home health hazards, the EEHH Retrofit would significantly advance the Bush Administration’s major commitment to advancing educational achievement.  Furthermore, the EEHH Retrofit would specifically target the low-income households where poorer children are disproportionately exposed to these home health hazards, including inner city neighborhoods where the President’s budget notes that 70% of fourth graders are unable to read at a basic level on national reading tests. 

· President's Math and Science Partnership: In addition to the priority that the President’s budget gives to education in general, it also provides $200 million to begin an initiative to strengthen math and science education in grades K-12.  In launching this initiative, the President’s budget notes that “the most recent evidence of deficiencies in U.S. math and science education is from the Third International Math and Science Study, which measured American students in the fourth, eighth, and twelfth grades against comparable students in other countries.  Although U.S. fourth graders did relatively well in both math and science, by twelfth grade, the last year of mandatory schooling, U.S. students were among the very worst in the world, and in some areas, such as physics, were last.”  The impact of childhood lead poisoning may also be a factor in this academic performance comparison between children in America and those in other nations.  American children had higher average blood lead levels than did children in other countries prior to the sharp decline in gasoline lead in the U.S. in 1980.  In the European Union, however, gasoline lead exposure remained very high until 1986 when the EU reduced the maximum lead content of gasoline by 62.5%.  Fourth graders in the Third International Math and Science Study - conducted in 1995 - were born after the 1980 decline in U.S. gasoline lead exposure and before the 1986 decline in European gasoline lead exposure, and the U.S. fourth graders did relatively well in both math and science.  The twelfth grade students tested in 1995 were born near the peak level of U.S. gasoline lead exposure, and the U.S. students in the twelfth grade were among the very worst in the world.

· Doubling Resources for the National Institutes of Health (NIH): The initiative to double NIH's 1998 funding level by 2003 recognizes the importance of health research, but also explicitly acknowledges the management challenges associated with a substantial infusion of resources over a short period of time.  The research component of the EEHH Retrofit initiative would help to maximize future budgetary and management flexibility with respect to two multi-year NIH research priorities: 

· Longitudinal Cohort Study  (LCS) of Environmental Impacts on Children: The NIH is just beginning the study design for this LCS to examine the effects of environmental exposures and other factors that may impact children’s health.  The EEHH Retrofit initiative would provide an important additional perspective for this research by creating a large database of homes that have been retrofitted with “best practices” home health hazard reduction, in established neighborhoods where otherwise similar homes have not been retrofitted.  This would permit the LCS to examine the impact of the EEHH Retrofit on children’s health relative to a control group of otherwise similar homes. 

· Strategic Research to Eliminate Health Disparities: This NIH strategic research plan sets forth objectives for reducing and ultimately eliminating health disparities among racial and ethnic minorities by focusing on public information and outreach as well as ongoing research.  The EEHH Retrofit Initiative targets home health hazards and associated health problems that disproportionately affect racial and ethnic minorities and low-income children.  The EEHH Retrofit initiative would provide an important link between the effort to eliminate health disparities and the LCS study, by providing a large database for evaluating the extent to which health disparities among racial groups might be largely or entirely explained by racial disparities in home health hazard exposure.    

· Encouraging Compassion and Charitable Giving: The President’s budget establishes a compassion capital fund to provide start-up capital and operating funds totaling $67 million to qualified charitable organizations that wish to expand or emulate model programs. In addition, a $22 million national fund will support and promote research on "best practices" among charitable organizations in 2002.  Establishing a dedicated charitable fund for EEHH Retrofits for low-income households would complement both of these initiatives.

· Increase Private Sector Leveraging to Reduce Exposure of Low-Income Children to Lead-Based Paint: The EEHH Retrofit strategy directly addresses this priority in the President’s budget.

· Increase Weatherization Assistance Funding: The President’s budget proposes to increase funding for the low-income home Weatherization Assistance Program (WAP) by $1.4 billion over 10 years, roughly doubling the spending during that period.  The EEHH Retrofit strategy would leverage this funding, and other federal funding for housing rehabilitation, with private sector funding to achieve healthy home upgrades and energy efficiency improvements.  

Energy Efficient Healthy Homes

A National Strategy to Increase Home Energy Efficiency and Protect Children’s Health through Private Sector Leveraging of Federal Funds

Although improving home energy efficiency has sometimes been associated with indoor air pollution, survey research from the Department of Energy (DOE) Weatherization Assistance Program (WAP) actually show that properly weatherized homes can yield significant health benefits.  Survey data collected before and after homes were weatherized showed that occupants reported a reduced incidence of colds, flu, allergies, headaches, nausea, and arthritis, while a control group showed no change over the same time period.  Some of these health benefits may be directly related to energy efficiency measures that reduce drafts and improve temperature consistency, but the WAP also routinely repairs combustion equipment and vents to reduce carbon monoxide (CO) poisoning risks and other health hazards.  

Other data and research indicate that energy efficient healthy homes could substantially reduce residential fires, household allergens that cause asthma, and air pollution associated with energy use, and could virtually eliminate childhood lead poisoning and the incidence of CO poisoning.  Homeowner investments in energy efficient healthy home upgrades could also be more than offset by the higher resale value of these homes, and annual fuel savings would provide an excellent investment return prior to resale.  Public investment in energy efficient healthy homes for low-income households could also be more than offset by reductions in the number of households needing energy assistance, public savings in Medicaid expenditures, and the public value of economic redevelopment in low-income neighborhoods.  

This document examines the net benefits of a national strategy to encourage energy efficient healthy home (EEHH) upgrades that can reduce home energy consumption by 50% or more and eliminate home health hazards that are especially dangerous to children under age six.  In the near term, this EEHH strategy would maximize health and economic benefits by targeting low-income households that are already eligible for federal energy and housing assistance programs.  In the longer term, the same initiative would also support ongoing research to validate the net benefits of EEHH upgrades, and build a market-based infrastructure to verify and communicate this value to homebuyers and appraisers.

Summary of Net Benefits

The proposed EEHH strategy would leverage the existing network of state and local housing and energy assistance programs that receive federal funding, and the Energy Star program, led by the Environmental Protection Agency (EPA) and DOE.  Energy Star has a large network of public and private partners supporting a multi-million dollar outreach campaign, maximizing the ability of product manufacturers to identify and advertise the environmental, energy, and money saving features of qualifying products.  Linking healthy home upgrades to the established Energy Star initiative would leverage this market-based strategy to communicate the health benefits of energy efficient healthy homes.  The EEHH strategy would specifically promote Energy Star windows and two new Energy Star upgrades: duct sealing and home sealing. 

Research published in The Appraisal Journal indicates that replacing old windows with Energy Star windows can increase home market value by more than the cost of the window replacement project.  Lead paint on old windows is also a major cause of childhood lead exposure because windows have higher average paint lead levels than other housing components and the friction and impact surfaces on windows create lead dust hazards – now the principal cause of elevated childhood blood lead.  Window troughs are also the place in a home where you are most likely to find lead paint chips - the principal cause of acute cases of childhood lead poisoning.  Residential lead-paint was banned in 1978, and pre-1980 homes are also less energy efficient than newer homes built after the oil price shocks of the 1970s.  Therefore, homes at risk for lead paint hazards also have the greatest potential for energy efficiency gains.  

A “Lead Safe Home with Energy Star Windows” upgrade is designed to eliminate lead paint hazards and reduce energy bills by 20% or more.  Table 1 shows that this upgrade would combine window replacement with the paint stabilization, specialized cleanup, and lead dust clearance testing requirements of the new HUD rule on lead paint hazard reduction in federally assisted housing.  Market value benefits alone would exceed the cost of this upgrade, yielding net benefits including the health benefit of lead hazard reduction of about $3,000 per unit.

	Table 1: A Lead Safe Homes with Energy Star Windows

	Upgrade Components

· Remove old single-pane windows and replace with Energy Star windows

· Stabilize any significantly deteriorated paint

· Do specialized cleaning to remove any lead dust hazards

· Perform clearance test to verify absence of lead hazards in dust and soil

	Quantifiable Direct Benefits for Assisted Households

	Costs and Benefits (Pre-1980, Detached Homes)
	1200 SF, 10 Windows
	1800 SF, 16 Windows

	Cost (A)
	$6,850 
	$8,320 

	Market Value Benefit (B)
	$6,915 
	$8,978 

	Net Market Value Benefit (B-A)
	$65 
	$658 

	Lead Hazard Reduction Value
	$2,816
	$2,816

	Net Market Value + Lead Hazard Reduction
	$2,881 
	$3,474 


Upgrades to lead-safe homes with Energy Star windows could quickly yield substantial health and economic benefits by targeting lower-income households already served by government assistance programs.  Over time, even greater benefits could be realized by expanding this initiative to encompass the new Energy Star duct sealing and home sealing upgrades.  The duct sealing upgrade provides indoor air quality benefits in addition to significant energy savings.  The home sealing upgrade is a whole-house envelope retrofit that combines Energy Star windows, added insulation (to DOE recommended levels that vary by climate region), and air infiltration specifications designed to provide natural ventilation and energy efficiency.  Energy Star home sealing also requires verifying the safe operation of furnaces and other combustion equipment, reducing the risks of residential fires and CO poisoning.  An “Energy Efficient Healthy Home (EEHH) retrofit” could combine Energy Star home sealing and duct sealing (in homes with ductwork) with a specialized cleanup similar to the lead dust cleanup required by the HUD rule on lead paint hazards, plus an “EEHH” inspection.  Table 2 shows the upgrade components, quantifiable net benefits, and other benefits of an EEHH retrofit.

	Table 2: An Energy Efficient Healthy Home (EEHH) Retrofit

	Upgrade Components

· Replace old single-pane windows with Energy Star windows

· Energy Star Home Sealing and Duct Sealing

· Stabilize any significantly deteriorated paint

· Specialized cleaning to remove dust hazards and mildew

· EEHH Inspection to identify other energy saving opportunities, verify absence of CO poisoning and fire hazards, and perform dust tests for lead and allergens.

	Quantifiable Direct Benefits for Assisted Households

	Costs and Benefits (Pre-1980, Detached Homes)
	1200 SF, 10 Windows
	1800 SF, 16 Windows

	Cost (A)
	$9,245 
	$11,115 

	Market Value Benefit (B)
	$9,915 
	$12,778 

	Net Market Value Benefit (B-A)
	$670 
	$1,663 

	Lead Hazard Reduction Value
	$2,816
	$2,816

	Net Market Value + Lead Hazard Reduction
	$3,486 
	$4,479 

	Other Direct Benefits for Assisted Households

· Net cash flow

· Comfort, durability, and disaster resistance value

· Shared inspection costs and energy information value

· Other healthy home benefits

· Allergen reduction, reducing asthma and other respiratory illnesses

· CO poisoning reduction

· Residential fire reduction

· Other health risk reduction related to extreme temperatures 

Other Indirect Benefits for All Households

· Neighborhood redevelopment

· Energy-related emissions reduction

· Peak-load electricity demand reduction

· Smart growth

· Secondary transportation emissions reduction

· Offset for air quality planning requirements of State Implementation Plans

· Market transformation value

· Ongoing research value (energy, housing value, and health research)


With minor modifications, the HUD cleanup requirements to remove lead dust could also address allergens in dust, and mold and mildew, which are common triggers for asthma.  Leaking ducts can lead to buildup of condensation moisture and associated mildew problems and can transfer indoor air pollution throughout a home from attic and crawl spaces.  Moisture infiltration around old windows is another common cause of mildew hazards.  Homes with excessive air infiltration are both less energy efficient and more likely to have dirt, dust and other impurities spread throughout the house.  High-density wall insulation techniques that reduce air infiltration can also reduce dust infiltration (and associated allergens) and water infiltration (and associated mildew), and filling voids in walls could also reduce allergens associated with roaches.  Combining a specialized whole-house cleanup with Energy Star duct sealing and home sealing (including window replacement) would eliminate mold and mildew and lead and allergen hazards in dust and eliminate the structural problems that cause these home health hazards.  

Finally, the EEHH inspection would combine independent lead dust testing required by the HUD rule, an inspection for other home health hazards (including allergen dust testing), and energy diagnostic tests required for Energy Star duct sealing and home sealing.  The EEHH inspection would also build on the success of the EnergyCheckup home inspection developed by an Energy Star affiliate to identify additional opportunities for energy efficiency improvements.  Home inspectors trained to do the EnergyCheckup inspection also inspect for evidence of mold and mildew, fire hazards, and CO poisoning hazards as part of a standard home inspection.  Lead dust clearance testing, the diagnostic tests required by Energy Star, a standard home inspection, and an EnergyCheckup inspection each cost about $150 to $250, but 80% of the cost for each service is simply the cost of having a professional making an onsite evaluation.  Combining these services would achieve multiple benefits with shared costs. Table 2 shows that the quantifiable market value benefits of an EEHH retrofit would exceed the retrofit cost, yielding net benefits including the health benefit of lead hazard reduction of about $4,000 per unit.

In addition to these quantifiable direct benefits for households investing in an EEHH retrofit, this initiative would also provide other direct benefits that are more difficult to quantify in monetary terms, and indirect benefits that could far exceed direct benefits.  Over the next decade, the EEHH initiative could eliminate childhood lead poisoning, substantially reduce other home health hazards and national energy demand, and exceed the Kyoto Protocol target for reducing US greenhouse gas emissions, with corresponding reductions in other air emissions related to asthma and other respiratory illnesses.  

In the long run, the EEHH retrofit would minimize shared costs and maximize the health and economic benefits of energy efficient healthy home upgrades.  In the near term, however, some amount of training and coordination would be needed before all of the components of the EEHH retrofit could be made widely available across the nation.  Therefore a phase-in period (of 6 to 18 months) for the EEHH strategy could focus on upgrades to lead-safe homes with Energy Star windows to explicitly address requirements of the new HUD rule on lead hazard reduction.  

The remainder of this document explains the basis for the cost and benefit estimates summarized in Tables 1 and 2, and details a proposed EEHH implementation strategy, organized as follows:

· Window Replacement and the Monetary Value of Lead Hazard Reduction

· The Market Value of Energy Star Windows

· Assisted Upgrade Neighborhood Redevelopment and Net Cash Flow

· Avoided Inspection Costs and Work Plan Simplification

· EEHH Retrofit Fuel Savings and Market Value

· Comfort, Durability, and Disaster Resistance Value

· Shared Inspection Costs and Energy Information Value

· Other Healthy Home Benefits

· Market Transformation Value

· Potential Energy Savings and Air Pollution Reduction

· Implementation Strategy and Ongoing Research

Window Replacement and the Monetary Value of Lead Hazard Reduction

Lead paint hazards - deteriorated lead paint and soil and dust contaminated by lead paint – are by far the most common remaining source of childhood lead exposure in the United States.  The 1999 National Survey of Lead and Allergens in Housing (NSLAH) shows that the likelihood of a home having significantly deteriorated lead paint and/or lead dust hazards are both directly related to the age of the housing unit.  

Table 3: Prevalence of Housing Units with Lead Dust Hazards and

Significantly Deteriorated Lead Paint by Age of Construction.

	Year of Construction
	Housing Units

(millions)
	Percent with

lead dust hazards
	Percent with significantly deteriorated lead paint

	Pre-1940
	17.5
	46%
	44%

	1940-1959
	20.6
	23%
	25%

	1960-1977
	27.9
	8%
	2%

	1978-1998
	29.8
	1%
	0%
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NSLAH data also show that window surfaces have exceptional high lead paint concentrations.  The regulatory definition of “lead paint” is any surface with more than one microgram of lead per square centimeter (mg/cm2) but painted surfaces range from zero to 10 mg/cm2 and higher.  Figure 1 shows that only 10% of interior walls (including homes built after 1978) have lead above 0.1 mg/cm2, but 10% of interior window surfaces have lead above 1.3 mg/cm2.  Also, 10% of exterior walls have lead above 1.9 mg/cm2 but 10% of exterior window surfaces have lead above 7.7 mg/cm2.  The high lead content of window paint suggests that even small paint chips from windows could pose severe ingestion hazards and minor friction could create lead dust hazards.

One likely explanation for the high lead content of interior window paint is that early efforts to reduce paint lead hazards focused on the lead content of interior paint.  As higher lead content paint was used on exterior surfaces over many decades, some of that “exterior” paint was likely applied to some interior window surfaces.  In fact the NSLAH data show that the window jamb is the interior surface that is most likely to have higher lead concentrations, and this is also the “interior” surface most likely to be exposed to “exterior” lead paint.  

Table 4 shows how the friction/impact surfaces and high lead content of window paint affect the risk of lead dust hazards.  The association between significantly deteriorated interior lead paint and lead dust hazards is apparent in Table 4, but the risk of lead dust hazards is especially high in homes that have deteriorated lead paint on windows.  The risk of lead dust hazards in homes with no significantly deteriorated interior lead paint is also much higher when there is intact lead paint on interior window surfaces – presumably due to the regular friction and impact from opening and closing the windows.  Lead dust hazards are much less common in homes without deteriorated lead paint or intact lead paint on interior window surfaces.

Table 4: Prevalence of Lead Dust Hazards by Condition and Lead Content of 

Interior window and Non-Window Surfaces
	Homes with significantly

deteriorated interior lead paint
	% of homes w. dust hazards 
	Median sill dust lead in homes w. lead dust hazards(ug/ft2)

	 only on window surfaces 
	58%
	926

	 only on non-window surfaces
	52%
	889

	 on window and non-window surfaces
	78%
	924

	Homes with no significantly 

deteriorated interior lead paint

 with lead paint (intact) on interior window surfaces
	40%
	725

	 with no lead paint on interior window surfaces
	12%
	360


Table 4 shows that lead paint on interior window surfaces also increases the severity of lead dust hazards.  The EPA standard for dust hazards on window sills is any dust lead loading above 250 micrograms per square foot (ug/ft2), but window sill dust lead hazards can range from 250 to more than 1000, and higher dust lead levels are directly related to higher childhood blood lead levels.  The median level of dust lead hazards in homes with intact lead paint on interior windows is almost as high as the median level in homes with significantly deteriorated lead paint.  By contrast, homes with intact lead paint on interior window surfaces and no significantly deteriorated lead paint have median dust lead levels just slightly above the EPA hazard standard (360 vs. 250 ug/ft2) even in the small percent of such homes with any dust hazards (12%). (The relatively rare number of dust lead hazards in these homes probably result from repainting and remodeling where lead paint is disturbed without proper cleanup)
Permanent Health Benefits

Table 5 shows that the health benefits of eliminating lead paint hazards in a single housing unit vary with the age of the unit, the probability of having children under age six living in the unit, and whether hazard reduction activities include window replacement.  

Table 5: Health Benefit of Lead Hazard Reduction per Housing Unit 
(Paint Stabilization, Friction & Impact Work and Unit Cleanup)
	
	With Window Replacement
	With Window Work

	
	Pre-1960
	1960-1977
	Pre-1960
	1960-1977

	Any Housing Unit
	$3,444
	$2,168
	$2,186
	$1,353

	With Children Under Six
	$20,827
	$13,109
	$13,220
	$8,810


Source: Economic Analysis of the HUD rule on lead paint hazards 

Benefits for pre-1960 units are higher because lead dust levels in these units tend to be much higher than in units built from 1960 through 1977 (lead paint on interior window surfaces is also much less common in homes built after 1960).  More than half of all pre-1960 homes with dust lead hazards on windowsills actually have dust lead above 1000, but almost all 1960-1977 homes with dust lead hazards are between 250 and 500.  The average benefit reflects the probability of children under age six residing in the unit because benefits accrue almost entirely to young children (the present value of higher expected lifetime earnings resulting from higher IQ).  Health benefits are higher when hazard reduction activities include window replacement because other window treatments to reduce lead paint hazards may require additional work over time to avoid recurring lead dust hazards.  

The estimated benefits in Table 5 assume that window replacement reduces lead dust hazards for 10 years (vs. 5 years for window work), but there is growing evidence that window replacement permanently reduces lead dust hazards.  One indication of these permanent benefits comes from data on HUD’s lead hazard reduction grant program.  Grantees can choose different intervention strategies, including paint removal, encapsulation, enclosure, or replacing trim, floors, or other housing components, but grantee data show that the activities performed are almost always some combination of the following:

1. Paint stabilization (repainting plus repair of  any damaged substrate)

2. Window work and/or window replacement

3. Specialized cleanup to remove lead dust hazards

4. Clearance testing to verify removal of lead dust hazards

Table 6 shows the results of dust tests in grantee units where paint stabilization and cleanup were combined with window replacement versus other window treatments.  Initial dust lead levels were about 65% higher in rooms where grantees chose to replace the windows, but the dust lead levels in these rooms were much lower at clearance testing and at follow-up testing six months and one year after hazard reduction work was performed.

Table 6: Windowsill Dust Lead Accumulation: Rooms with Window Work versus Window Replacement (In Rooms with Initial Dust Lead Levels above 250 ug/ft2)

	Room Dust Lead Levels (ug/ft2)
	Window Replacement
	Window

Treatments

	Initial (Pre-Intervention) Median
	1666
	1050

	Post Clearance Median
	49
	62

	Six Month Median
	127
	202

	One Year Median
	59
	272


Source: Economic Analysis of the HUD rule on lead paint hazards 

The extremely low dust lead levels recorded a full year after window replacement in grantee units is especially striking because the HUD grantees work almost exclusively in low-income areas, on pre-1960 units, and about 90% of these units were built before 1940.  Interior dust hazards are sometimes related to deteriorating exterior lead paint, soil lead, and exterior dust lead that enter a home through doors and window troughs.  Grantee data showing such low dust lead levels in pre-1940 units where soil lead and exterior dust lead levels are likely to be high due to years of exterior paint deterioration on neighboring buildings suggest that window replacement can provide permanent protection against lead dust hazards in any neighborhood.

The permanent health benefits of window replacement were also demonstrated by an accurate prediction included in the Federal Strategy for Eliminating Childhood Lead Poisoning.  This February 2000 report by the President’s Task Force on Environmental Health Risks and Safety Risks to Children included an estimate of the number of homes with lead paint hazards in 1999.  The Federal Strategy used 1990 data on the number of homes with interior lead paint and RECS and AHS data on demolition and window replacement rates from 1990 to 1999 to estimate that there were 24 million pre-1960 homes with lead paint hazards in 1999.  In April 2001, the first release of 1999 NSLAH data showed that the actual number of pre-1960 homes with lead paint hazards in 1999 was 22.2 million, plus or minus 5 million homes for the survey margin of error.

The Market Value of Energy Star Windows

Two research studies published in The Appraisal Journal indicate that replacing old windows with Energy Star windows can increase a home’s market value by more than the upgrade cost.  The first study (October 1998) reviewed older research showing that energy efficiency increases home market value, and confirmed that finding with a detailed statistical analysis of American Housing Survey (AHS) data from 1991 to 1996.  The second study (October 1999) compared the results of the first study with the collective judgement of real estate agents participating in a “Cost vs. Value” survey by Remodeling Magazine (RM) to show how energy efficiency gains can fully recover the cost of window replacement.

Prior Research

Table 7 summarizes the results from seven older studies showing that home value increases with energy efficiency.  The fact that some of these studies show homebuyers paying more for homes based on infrared photos or “thermal integrity factors” raises the obvious question of how homebuyers could know about those characteristics, but the last three studies in Table 7 appear to provide the answer.  In these three studies the increase in home value resulting from energy efficiency was directly related to annual fuel savings.  Although fuel bills are affected by occupant behavior as well as by the structural efficiency of a home, it makes sense that fuel bills would be a key indicator of energy efficiency for homebuyers.  In many areas, the average monthly or annual fuel bills for a home are included in the Multiple Listing Service (MLS) description of every home for sale.  In general, the average monthly cost of fuel is a larger expense for homeowners than the cost of real estate taxes, and the fuel cost is not deductible from income tax, so homebuyers certainly should consider fuel costs when deciding whether they can afford to buy a particular home.

Table 7: Older Research on Market Value of Energy Efficient Homes
	Study Location
	Sample Size
	Time

Period
	Key Findings

	Seattle

WA
	269
	1970-75
	1974 spike in relative cost of fuel oil raised price differential for gas- versus oil-heated houses to $4,597 in first half of 1975.

	Lubbock

TX
	100
	1978-79
	Value of energy-efficient homes (with lower structural heat loss, based on infrared photos) was $3,248 higher than inefficient homes.

	Minneapolis-

St. Paul, MN
	81
	1980
	Home value increased by $2,510 for each unit decrease in “thermal integrity factor” (as calculated for this study).

	Columbus

OH
	505
	1971-78
	Home value increase per square foot was $1.90 for every one inch increase in wall insulation, $3.37 for every one inch increase in ceiling insulation, and $1.63 for energy-efficient windows 

	Knoxville

TN
	1317
	1978
	Home value increased by $20.73 per $1 decrease in annual fuel bills

	Des Moines

IA
	234
	1982
	Home value increased by $11.63 per $1 decrease in fuel cost  needed to maintain house at 65 degrees in average heating season

	Tacoma

WA
	67
	1983-85
	Home value increased by $12.52 per $1 decrease in electric bills, consistent with discounted savings at after-tax mortgage interest rate


The last study in Table 7 specifically found that the average increase in home value resulting from energy efficiency appears to reflect a rational trade-off between annual fuel bill savings and after-tax mortgage interest expense.  In effect, this study found that homebuyers will bid up the price of energy efficient homes (relative to otherwise equivalent homes) until the higher after-tax mortgage expense from the higher home price offsets their annual fuel bill savings.  This Tacoma study was done at a time when mortgage rates were around 11% to 13%, and marginal tax rates were around 25%, resulting in an energy efficiency value of $12.52 for every dollar saved in annual fuel bills.  By contrast, the Knoxville study in Table 3-5 was done at a time when mortgage interest rates were around 9%, and marginal tax rates were higher (increasing the value of the mortgage interest deduction).  As a result, the extra value assigned to energy-efficient homes in that study was $20.73 for every dollar saved in annual fuel bills.

A Rational Market for Home Energy Efficiency

The statistical analysis of AHS data specifically tested for evidence of a “rational market” for home energy efficiency, where homebuyers as a group appeared to recognize the trade-off between annual fuel bills and after-tax mortgage interest.  This theory was tested against separate samples of attached and detached homes from AHS national data and AHS metropolitan statistical area (MSA) data.  These are very large samples, with no overlap in sampled homes (different homes are surveyed for the MSA and national surveys) and have detailed data on home value and home characteristics that affect value.  This analysis estimated the implicit values that homebuyers assign to lot size, square feet of living space, location, and other home characteristics, including the annual utility bill.  The statistical results showed a remarkably consistent rise in home value of about $20 for every $1 reduction in annual utility bills, after controlling for other AHS variables (home characteristics) affecting home value. 

Table 8: Increase in Home Value per One Dollar Decrease in Annual Utility Bill

	AHS Sample
	Sample Size
	Time

Period
	Increase in Home Value per One Dollar Decrease in Annual Utility Bill

	National Sample: Detached Homes
	16,000
	1991
	$24

	
	
	1993
	$20

	
	
	1995
	$21

	Merged MSA Sample:

Detached Homes
	46,000
	1992-96
	$18

	Merged MSA Sample:

Attached Homes
	3,000
	1992-96
	$23


Mortgage interest rates were around 7% from 1991 to 1996, and the marginal tax rate for most homebuyers was 28%, resulting in an after-tax mortgage interest rate of about 5%.  This analysis shows that homebuyers were willing to pay up to $20 for every $1 reduction in annual fuel bills, so the value of energy efficiency appears to reflect a trade-off between fuel savings and after-tax mortgage interest.  An analysis of sub-samples of detached homes by main heating fuel (gas, electric, or fuel oil) also showed that home value increased by about $20 for every $1 reduction in the total fuel bill regardless of the type of heating fuel.  

Windows versus Energy Star Windows

The annual Remodeling Magazine (RM) “Cost vs. Value” survey asks real estate agents to estimate the amount that popular remodeling projects would add to the value of a “mid-priced house in an established neighborhood” in their area if the home were sold within a year of the remodeling project.  The RM value estimates are then compared with cost estimates for each MSA (derived from estimating manuals and cost analysis experts). 

The second study in The Appraisal Journal showed how a window replacement project in the 1993 RM survey related to the value of energy efficiency, and how the extra fuel savings with Energy Star Windows could further increase home value and fully recover the cost of window replacement.  To determine how the RM value estimates for window replacement might relate to the market value of energy efficiency, this study performed the following three-step analysis.

1. Specify typical home energy use characteristics, estimate pre-project utility bills for this “model” home, and validate these estimates against actual bills reported in the AHS.

2. Estimate post-project utility bills and calculate utility bill savings for clear glass double-pane windows and for Energy Star windows.

3. Multiply annual fuel savings times $20 to get energy efficiency market value, and compare these window replacement value estimates with RM survey cost and value estimates.

The characteristics of a “mid-priced house in an established neighborhood” were specified based on historical construction practices and AHS data for pre-1980 homes.  The analysis focused on homes built before 1980 because 1993 Residential Energy Consumption Survey (RECS) data showed that pre-1980 homes accounted for virtually all homes that had replaced all original windows at the time of the 1993 RM Survey. 

The DOE2 home energy analysis model was used to estimate typical fuel bills for single-family detached homes in each of 25 MSAs included in both the AHS and RM survey.  The pre-project model fuel bill assumed the presence of single-pane windows because double-pane windows were not widely used in new construction before 1980.  It was also assumed that there were storm windows on homes in the Northeast and Midwest but not in the West or South, based on AHS and RECS data.  The DOE2 model estimates for pre-project fuel bills were then shown to be extremely close to the actual average fuel bills for pre-1980 homes reported by the AHS. 

Verifying the accuracy of DOE2 model estimates for pre-project fuel bills was important because the same DOE2 model was used to estimate fuel savings from replacing single-pane windows with standard clear-glass double-pane windows and the additional savings with Energy Star windows.  The RM survey was conducted in 1993, and high efficiency windows (that now earn the Energy Star label) accounted for only a tiny fraction of replacement windows in the 1993 RECS data.  Therefore, real estate agents responding to the RM Survey must have made their value estimates based on their experience with pre-1980 homes upgrading from single-pane windows to standard clear-glass double-pane windows.

Table 9 shows the average RM value estimates for window replacement versus the estimated energy efficiency value of replacing single-pane windows with standard double-pane windows ($20 times the fuel bill savings from window replacement).  The estimate for replacing wood frame windows was about $4,000 across all 25 MSAs versus an average RM Survey value estimate of almost $5,500.  The RM Survey estimates were thought to reflect the value of replacing wood frame windows because RECS data indicate that pre-1960 homes accounted for about 80% of all homes in which all windows were replaced by 1993 and about 80% of pre-1960 homes have wood-frame windows.  Therefore, this study concluded that the RM Survey value estimates reflected the combined market value of about $4,000 due to lower fuel bills plus an “appearance and ease of use value” for new windows of about $1,500.

Table 9: Energy Efficiency Value of Clear-Glass Double Pane Windows

Versus RM Survey Value Estimates for Window Replacement

	
	Energy Efficiency Value For

Clear-Glass Double-Pane
	RM Survey

Value

Estimates

	
	Metal frame
	Wood frame
	

	EAST
	$6,744
	$4,048
	$6,372

	SOUTH
	$6,248
	$4,160
	$4,595

	MIDWEST
	$6,035
	$3,718
	$5,757

	WEST
	$5,989
	$4,149
	$5,118

	25-MSA Average
	$6,206
	$3,993
	$5,469


Table 10 shows how the additional energy savings from Energy Star windows should affect the market value of window replacement, by yielding an energy efficiency value of about $8,500 when replacing metal frame windows and $6,300 when replacing wood frame windows.  This study concluded that there was every reason to expect the “appearance and ease of use” value of $1,500 (about $100 per window) to be added to these higher energy efficiency values, yielding a market value increase that exceeds the cost of replacing either wood or metal frame windows.

Table 10: Energy Efficiency Value of Energy Star Windows
Versus RM Survey Cost Estimates for Window Replacement

	
	ICF Model Values For

Energy Star Windows
	RM Survey Cost

Estimates

	
	Metal frame
	Wood frame
	

	EAST
	$8,376
	$5,680
	$7,764

	SOUTH
	$10,064
	$7,976
	$6,455

	MIDWEST
	$7,920
	$5,603
	$7,571

	WEST
	$8,083
	$6,243
	$7,642

	25-MSA Average
	$8,486
	$6,272
	$7,406


In summary, the 1993 RM Survey reflected the popular wisdom that window replacement does not pay for itself, but the research in The Appraisal Journal showed that this popular wisdom is based on an outdated sense of how much you can lower your fuel bill by replacing old windows.  Replacing old single-pane windows with Energy Star windows would have reduced 1993 fuel bills for typical pre-1980 homes by more than $300 per year, whereas upgrading the same home to standard double-pane windows in 1993 would only have saved about $200. 

How Fuel Prices Affect the Market Value of Window Replacement

The market value for energy efficiency reported in The Appraisal Journal – a $20 increase in home value for every $1 reduction in annual fuel bills – should apply as long as there isn’t any big change from the mid-1990 levels for mortgage interest rates (7%) and marginal tax rates (28%).  Changes in utility bills, however, can change the annual savings from energy efficiency.  

The estimates for energy savings from window replacement reflected fuel prices in the early 1990s and weighted average fuel bills for homes with and without AC and with different types of heating fuels.  Across the 25 MSAs included in the window analysis, about 70% of pre-1980 homes used natural gas as their main heating fuel, 11% used fuel oil, 6% had electric resistance heating, and only 3% had heat pumps.  Average residential prices for natural gas and fuel oil in the winter of 2000/2001 were about 50% higher than the prices paid in the early 1990s.  Electricity prices were relatively stable from the early 1990s through the winter of 2000/2001, but Figure 2 shows that the percent of pre-1980 homes with central air conditioning increased substantially during the 1990s (and the percent with room air conditioners remained fairly stable over this time period).  
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The increase in heating fuel prices in 2000 and the steady increase in the percent of pre-1980 homes with central AC means that average fuel bill savings from replacing windows in pre-1980 homes were about 50% higher in 2000 than in 1993.  Table 11 shows how a 50% rise in fuel bills affects the expected increase in home value from replacing wood-frame single-pane windows with Energy Star windows.  Energy efficiency value increases to $9,408 because a 50% rise in fuel prices raises the fuel bill savings from window replacement.  Adding $1,500 for the appearance and ease of use value of new windows raises the market value of this home upgrade to $10,908.   

Table 11: Market Value Estimates for Replacing Wood-Frame Single-Pane Windows

	
	1993 Energy Value for Double-Pane Windows
	1993 Energy Value for Energy Star Windows
	2001 Energy Value for Energy Star Windows (30% Higher Fuel Prices) 

	Energy Efficiency Value
	$3,993
	$6,272
	$9,408

	Other Value Unrelated to Fuel Bill Savings 
	$1,500
	$1,500
	$1,500

	Total Market Value
	$5,493
	$7,772
	$10,908


The value estimate of $10,908 should be characterized as an upper-bound estimate if the spike in natural gas and fuel oil prices in 2000 is not repeated.  On the other hand, the original estimate of $7,772 could be characterized as a lower-bound estimate because natural gas prices were at depressed levels during the first half of the 1990s and average AC savings have increased as the percent of pre-1980 homes with central air conditioning has increased.  These upper and lower bound estimates suggest that the market value of this home upgrade is likely to be $8,000 to $9,000 over the next several years, even if natural gas and fuel oil prices remain at levels well below their highs in 2000/2001.  Comparing this range of $8,000 to $9,000 with the RM Survey cost estimate of $7,400 suggests, at the very least, that the cost of replacing old single-pane windows with Energy Star windows can be fully recovered through higher home value at resale.

Assisted Upgrade Neighborhood Redevelopment and Net Cash-Flow

In the context of assisted upgrades for low-income households, the economic conditions in certain neighborhoods could impose a ceiling on home values that limits the market value that can be realized from energy efficiency upgrades.  On the other hand, increasing local property values is often the explicit objective of neighborhood revitalization programs that provide subsidies for housing upgrades.  For example, Chicago has a Neighborhood Investment Program that has provided several million dollars in outright grants to low and middle-income homeowners for exterior home improvements.  Exterior painting, siding, roof repair, porches, and windows are eligible for the grants.  By concentrating these grants in specific neighborhoods, Chicago expects to recoup its investment over time through an overall increase in tax revenue resulting from higher property values due to neighborhood revitalization.

Another important concern relating to assisted upgrades is whether low-income households can afford to focus on the long-term market benefit from home resale when they are often faced with more immediate concerns about paying their monthly bills. This concern suggests that some amount of government and/or charitable assistance is needed to encourage assisted households to invest in an EEHH retrofit, but the energy savings from this upgrade means that an outright 100% grant (like the Chicago program) would not be needed.  Table 12 shows that assisted households could finance half the cost of an EEHH retrofit with a 30-year mortgage (at 6.5%) and their energy savings would yield net annual cash flow of $80 after paying the extra mortgage expense.  

Table 12: EEHH Retrofit Net Cash Flow for Assisted Households

	Total Cost
	$9,200

	Subsidy Amount (50% of Cost)
	$4,600

	Cost to Assisted Household
	$4,600

	Annual Cost Added to 30-Year 6.5% Mortgage
	($350)

	Annual Fuel Savings
	$430

	Net Annual Savings
	$80


The state and local programs that distribute federal funds for assisted upgrades for low-income households often use leveraged financing, combining outright grants with loans, to stretch their available assistance dollars.  These assistance programs also use another financing method that could provide even more cash flow to assisted households investing in an EEHH retrofit: a reverse mortgage.  Reverse mortgages "reverse" the direction of the mortgage payments, allowing older homeowners to tap the equity in their homes, whether they need a lump sum or a stream of regular advances to supplement their monthly income, based on the current value of their home, not their income. 

Elderly homeowners account for many of the households that receive federal funds for upgrade assistance.  Federal Reserve data in Table 13 show that the 37% of households with no mortgage debt are distinguished by their median age of 67, and by their relatively low median income of $27,500.  Most of these low-income households are obviously elderly homeowners who have lived in their home long enough to pay off their mortgage.  These households also have a lower median home value of $80,000 - indicating that these are predominantly smaller, older homes that are probably very energy inefficient and likely to have lead paint hazards.

Table 13: Characteristics of Homeowners, by Debt Status
	Homeowner Debt Status
	Percent of

Homeowners
	Median

Home Value
	Median

Home Equity
	Median

Family Income
	Median

Age

	No Mortgage Debt
	37%
	$80,000
	$80,000
	$27,500
	67

	First Mortgage Only
	50%
	$100,000
	$43,000
	$47,500
	42

	HELOC
	8%
	$140,000
	$76,000
	$60,000
	49

	HEL 
	5%
	$110,000
	$35,000
	$50,000
	43

	All Homeowners
	100%
	$98,000
	$60,000
	$40,000
	49


Source: Federal Reserve Bulletin

A key feature of reverse mortgages for many elderly homeowners (and their children) is that the terms can ensure that no part of the loan is due until they no longer live in their home (at which time the full loan is due).  If they move or sell their home then they must pay the accrued interest and the amount of any payments made to them, but the homeowner and their estate will never owe more than the value of the property.  With a reverse mortgage, elderly homeowners could finance an EEHH retrofit, reduce their fuel bills by several hundred dollars per year and receive additional payments from the reverse mortgage if they so choose.

Avoided Inspection Costs and Work Plan Simplification

In general, the HUD rule requires a risk assessment and interim controls for identified lead hazards, including paint stabilization, friction and impact work as needed, and cleanup and clearance testing for lead dust, for homes receiving $5,000 to $25,000 of federal assistance for rehabilitation.  Table 14 shows the average cost per unit for these activities, from the Economic Analysis of the HUD rule.  (These costs reflect the smaller size of assisted units: 4 rooms and 800 square feet for multi-family units, and 6 rooms and 1,200 square feet for single-family units).  

Table 14: Estimated Costs per Unit for Hazard Evaluation and Reduction Activities

	Unit Cost Activity
	 Single Family Unit
	Multi-Family Unit

	    Risk assessment*
	$375 
	$260 

	    Clearance testing
	$150 
	$120 

	    Incremental exterior paint stabilization**
	$100 
	$10 

	    Incremental interior paint stabilization**
	$20 
	$20 

	    Window work***
	$300 
	$200 

	    Soil cover
	$200 
	$10 

	    Window replacement****
	$5,000 
	$3,000 

	    Unit cleanup*****
	$350
	$265

	*A licensed risk assessor identifies significantly deteriorated lead paint, takes dust and soil samples, and provides a report detailing all of the hazards identified.  

**The “regulatory cost” of paint stabilization in assisted rehab units includes only the incremental cost of safe work practices (like wet scraping) to avoid lead dust hazards created by scheduled repainting. Exterior paint stabilization costs are lower for multifamily units because the cost is spread over all the units in the building to estimate the average cost per unit.  

***Window work generally involves covering and sealing a windowsill to make it smooth and easily cleaned. (Other required friction and impact work might involve rehanging tight-fitting doors.)

****Single-family cost estimate reflects average for attached and detached homes.  

*****Unit cleanup involves a special (HEPA) vacuum followed by wet wash with a lead-specific detergent.


In addition to getting more value from shared post-project inspection costs, the EEHH strategy could also avoid the cost of a pre-upgrade risk assessment or paint testing under the HUD rule because the planned upgrade would address all of the key hazards identified in a risk assessment.  The EEHH retrofit and upgrades to lead-safe homes with Energy Star windows would both address friction and impact surfaces on windows, deteriorated paint, and cleanup and clearance for lead dust.  Soil lead hazards and friction and impact surfaces on doors are generally the only other hazards addressed by risk assessments and interim controls under the HUD rule.  Therefore, the minor cost of rehanging doors with friction surfaces could eliminate the need for a pre-project risk assessment and soil tests could be performed as part of the post-project clearance testing or EEHH inspection.  Soil hazards are much less common than lead dust hazards, so most homes would not require any work to address soil hazards after the post-project soil tests.  Homes that do have soil hazards would still perform soil cover as required under the HUD rule, but this work could be performed after interior clearance (or an EEHH inspection). 

Recognizing the upgrade to lead-safe homes with Energy Star windows as a “best-practices” response to the HUD rule would also address some of the concerns about implementing this rule.  In particular, organizations involved in assisted rehabilitation have expressed concern that the complexity of rule will increase costs for specialized spec writing and bid analysis, evaluation of contractor qualifications and training of agency staff and contractors.  The EEHH strategy would establish simple, specific work practices for lead-safe homes with Energy Star windows (and EEHH retrofits) that would not require any specialized spec writing or bid analysis and could be combined with any other rehab work done on the same home.  Agency staff would only need to verify that workers had completed the HUD training in lead-safe work practices, and that independent clearance technicians had taken the HUD course in clearance testing.

HUD and EPA have already signed a joint letter stating that “both EPA’s and HUD’s regulations define abatement generally as any measure or set of measures designed to permanently eliminate lead-based paint hazards.”  This letter clarifies that using lead-safe work practices (including specialized cleanup), clearance testing for lead dust, and specific upgrades such as window replacement do not transform a rehabilitation project into abatement.  This clarification addresses concerns that state and local regulations requiring certified contractors for “abatement” could substantially increase the cost of lead hazard reduction. The EEHH retrofit and lead-safe home with Energy Star windows would not be classified as lead abatement projects because they are clearly designed to increase energy efficiency and home market value.  

The EEHH strategy would also encourage upgrades by property owners who might be concerned about legal and financial risks related to the lead hazard disclosure rule issued by EPA in 1996, requiring that buyers or renters are informed about known lead paint and/or lead paint hazards.  An unintended consequence of this rule is that some property owners avoid testing for lead paint or lead paint hazards because they fear that the presence of known lead paint could hurt the resale value of a home and/or increase landlord liability risks in rental units.  The EEHH retrofit and lead-safe home with Energy Star windows would eliminate these concerns.  Property owners would not need to know if there were lead paint or lead hazards in the home before these upgrades, or if the project work created any lead dust prior to cleanup, but they would know that there were no lead paint hazards after project completion and clearance testing.  

Playing the Odds

A EEHH strategy avoids risk assessment costs, specialized work plans, and financial and legal liability risks by targeting the convergence between the homes most likely to have lead hazards and homes that are most in need of energy-efficiency improvements.  The key to this convergence is that pre-1978 homes with single pane windows are more likely to have lead paint on interior window surfaces.  The combination of three data sources reveals this convergence between single pane windows and lead paint hazards.

The first row of Table 15 shows NSLAH data on the percent of homes that had lead paint on interior window surfaces in 1999.  The last two rows combine 1993 RECS data on double-pane windows and AHS data on window replacement since 1993 to show the percent of homes in 1999 with single-pane glass in most windows and/or no double-pane replacement windows.  About two-thirds of pre-1960 homes in 1999 had single-pane glass in most of their windows and no double-pane replacement windows. Double-pane windows were not generally used in home construction until after 1960, so the pre-1960 homes with double-pane glass in most windows appear to be the homes that have already replaced most or all of their original windows.  Among homes built from 1960 to 1977, 55% have single-pane glass in most windows, but 78% have no double-pane replacement windows, suggesting that 23% of 1960-1977 homes have double-pane windows that were original construction windows.

Table 15: Percent of Homes in 1999 with Double-Pane Replacement Windows

Versus Percent with No Lead Paint on Interior Window Surfaces 

	
	Pre-1940
	1940-1959
	1960-1977

	No Double-Pane Replacement Windows 
	67%
	67%
	78%

	Single-Pane Glass in Most Windows (A)
	65%
	65%
	55%

	Lead Paint on Interior Window Surfaces (B)
	66%
	26%
	9%

	Probability that single-pane windows have lead  paint on interior surfaces (B/A)
	100%
	40%*
	14%**


*26% out of 65%; **9% out of 55%.

Lead paint was on almost all of the original windows in pre-1940 construction, but the use of lead paint declined from 1940 through 1960, and was relatively uncommon in homes built after 1960.  As a result, targeting homes with single-pane windows in pre-1940 housing effectively targets homes with lead paint on interior window surfaces, because these are the homes that have not already replaced their original windows.  Homes with lead paint on interior window surfaces appear to account for about 40% of 1940-1959 homes with single-pane windows and 14% of 1960-1977 homes with single-pane windows.  (It is unlikely that lead paint is on many original construction double-pane windows in 1960-1977 homes because most of these double-pane windows are on homes built after 1970 when the use of residential lead paint was very rare.)

This convergence allows the EEHH strategy to avoid pre-project testing with very little risk of “wasting” money on hazard reduction activities in homes that actually have no lead paint hazards.

· The money spent on window replacement is never wasted because the fuel savings from Energy Star windows and the associated increase in home value are realized regardless of whether there is lead paint on the old windows or lead dust hazards in the home.  

· The money spent on paint repair is not wasted because repairing significantly deteriorated paint would further increase home value, especially when investing several thousand dollars in window replacement.  

· In homes that have lead paint on old windows, the odds are high that there were lead dust hazards even before window replacement, and replacing windows with lead paint can create lead dust hazards, so money spent on lead dust cleanup after replacing windows in these homes is not wasted.  

· Even in pre-1978 homes with no lead paint on old windows and no significantly deteriorated paint anywhere, money spent on lead dust cleanup would not be wasted in the 12% of these homes that already have lead dust hazards.

· Targeting all pre-1978 homes with single-pane windows does entail a small risk of wasting $250 for cleanup in the small percentage of homes with single-pane windows that have no lead paint on the interior window surfaces and no lead dust hazards in the home.  There is also the risk of wasting $20 for the incremental cost of safe work practices with paint stabilization in rooms with significantly deteriorated paint where there is no lead in the paint.  These costs would be more than offset by the savings of avoided pre-project paint and/or dust testing. 

The pre-1978 homes that are less likely to have lead paint hazards are also more likely to have metal-frame windows.  The second article in The Appraisal Journal compared 1993 RM survey estimates with the energy savings from replacing wood-frame windows because most homes with all windows replaced prior to 1993 were pre-1960 homes replacing wood-frame windows.  However, this research also showed that replacing metal frame windows can increase home value by an additional $2000 because metal frame windows are especially inefficient, and RECS data also show that homes built from 1960 to 1980 are more likely to have metal frame windows.  

Table 16: Percent of Homes with Metal-Frames in Most Windows

	Year of Construction
	Northeast
	Midwest
	South
	West

	Pre-1940
	16%
	13%
	22%
	35%

	1940-1959
	29%
	24%
	48%
	54%

	1960-1979
	29%
	34%
	67%
	86%


Replacing single-pane windows in pre-1940 homes is almost certain to replace windows with lead paint on interior surfaces, but you’re not likely to get the additional fuel savings from replacing metal-frame windows.  Among homes built from 1960 to 1977, there is only about a 14% chance that a single-pane window has lead paint on its interior surfaces, but replacing that window is likely to realize the additional fuel savings from replacing metal-frame windows.  In general, targeting pre-1978 homes with single-pane windows for upgrades to lead-safe homes with Energy Star windows is likely to realize the health benefits of lead hazard reduction and/or the higher energy savings that result from replacing metal frame windows.

EEHH Retrofit Fuel Savings and Market Value

Table 17 details the average costs, energy savings and market value benefits of the EEHH retrofit for two illustrative single-family detached, pre-1980 homes: A smaller (1200 square foot) home, typical of homes receiving federal assistance; and an average size (1800 square foot) home.  In general, the EEHH retrofit would cost about $10,000 and yield market value benefits that exceed costs by about $1000.  

Table 17 also shows that the annual energy savings from the EEHH retrofit would yield a 5% return on the total cost of the retrofit  - including the cost of an EEHH inspection and average costs for paint repair that are unrelated to the energy savings.  This 5% return is about twice the rate of return available on money market investments during 2001.  There is also no income tax on energy savings, so homeowners with a 28% marginal tax rate would have to earn a 7% return on a taxable investment to have an equivalent after-tax return.  The same tax advantage applies to homeowners using a home-equity line of credit (HELOC) to finance an EEHH retrofit.  With HELOC rates near 5.5% at the end of 2001, the after-tax HELOC rate (with a mortgage interest deduction at a 28% tax rate) fell to about 4% - well below the 5% return on the EEHH retrofit.

Table 17: EEHH Retrofit Costs, Energy Savings, and Market Value Benefits

	EEHH Retrofit Components
	1200 SF, 10 Windows
	1800 SF, 16 Windows

	Costs
	(Pre-1980, Single-Family, Detached Homes;)

	Window Replacement1
	$6,000
	$7,400

	Interior Paint Stabilization2
	$100
	$120

	Exterior Paint Stabilization2 
	$250
	$300 

	Duct Sealing3
	$250
	$250

	Insulation/Air Sealing3
	$2,000
	$2,400

	Specialized Cleanup4
	$420
	$420

	Healthy Home EnergyCheckup4
	$225
	$225

	Total Cost (A)
	$9,200
	$11,120

	Annual Energy Savings (1993-1997 Fuel Prices)
	
	

	Window Replacement5
	$280
	$350

	Duct Sealing3
	$80
	$100

	Insulation/Air Sealing3
	$120
	$150

	Net Total Annual Savings6
	$430
	$540

	Financial Return from Energy Savings Alone
	5%
	5%

	Taxable-Equivalent Return at 28% Tax Rate
	7%
	7%

	Market Value Benefit
	
	

	Energy Efficiency – Windows7 
	$5,600 
	$7,000 

	Energy Efficiency – Duct Sealing7
	$1,600 
	$2,000 

	Energy Efficiency – Insulation/Air Sealing7 
	$2,400 
	$3,000 

	Energy Efficiency – Net Total7 
	$8,600 
	$10,800 

	Market Value of Paint Stabilization – Interior8 
	$90 
	$108 

	Market Value of Paint Stabilization - Exterior8 
	$225 
	$270 

	Other Window Value9
	$1,000 
	$1,600 

	Total Market Value Benefit (B)
	$9,915 
	$12,778 

	Net Market Value Benefit (B-A)
	$715 
	$1,658 


1 Remodeling Magazine Cost vs. Value Survey (1993 for 16 windows, and 1996 for 10 windows) 

2 The Economic Analysis of the HUD rule on lead hazard reduction estimates for the average costs of interior paint stabilization at $500 (in one room) and exterior paint stabilization at $1000 for housing units with significantly deteriorated lead paint.  It also presents data from the National Survey of Lead Paint Hazards showing that 20% of pre-1978 homes have significantly deteriorated paint, so the cost estimates in Table reflect 20% of the cost in those units that actually have significantly deteriorated paint for smaller homes.  These estimates are applied to the 1200 SF home because the assisted households subject to the HUD rule tend to be smaller, and estimate assumes that costs are 20% higher in the 1800 SF home.  Actual costs for any individual home could range from zero in homes without significantly deteriorated paint to well above the cost estimates in the HUD Economic Analysis in the case of homes with extensively deteriorated paint in many rooms. 
3 Home Energy Saver (U.S. DOE & U.S. EPA Energy Star Program) cost and annual savings estimates for a 2000 SF home are applied to the 1800 SF home.  The costs for the 1200 SF are assumed to be 20% lower for insulation and air sealing but approximately the same as the 1800 SF home for duct sealing. Annual savings for the 1200 SF are assumed to be 20% lower than in the 1800 SF home for both upgrades. 

4 Economic Analysis of the HUD rule estimates costs of $350 for cleanup and $150 for lead dust testing.  Estimates in Table assume that additional cleanup activities for the EEHH retrofit would raise cleanup costs by 20%, and additional evaluation activities for the Healthy Home EnergyCheckup would raise evaluation costs by 50%.

5 “More Evidence of Rational Market Values for Home Energy Efficiency” The Appraisal Journal, October 1999.

6 Net total energy savings are assumed to be only 90% of additive savings because each upgrade can affect the incremental energy savings of other upgrades (for example, window replacement can reduce air infiltration).  

7 Calculated as $20 x Savings based on research in The Appraisal Journal (October 1998).

8 Calculated as 90% of cost based on Economic Analysis of HUD lead rule. 

9 Calculated as $100 x number of replaced windows based on research in The Appraisal Journal (October 1999).

Of course, EEHH retrofit costs, energy savings, and market value benefits would vary for different homes, but the energy savings and market benefit estimates in Table 17 are actually conservative because they reflect lower fuel prices from the mid-1990s.  Also, the estimates for window replacement reflect 1990s data on average fuel savings across homes with and without AC, and those average savings have increased as the percent of homes with central AC has increased.  The financial return in Table 12 based exclusively on energy savings also does not reflect the additional value related to:

· Comfort, Durability and Disaster Resistance Value

· Consumer information value of independent EEHH Inspection

· Other healthy home benefits, including

· Lead hazard reduction

· Asthma reduction

· CO Poisoning reduction

· Residential fire reduction

Comfort, Durability, and Disaster Resistance Value
The market value estimates in Table 17 do not fully reflect the comfort value of reducing drafts and maintaining a more even temperature throughout the home.  This additional benefit of energy efficiency has been demonstrated by a DOE survey that asked occupants of weatherized and control-homes to rate the comfort and draftiness of their homes.  “On every rating scale the weatherized group reported a highly significant and positive change after weatherization was completed” whereas the control group reported no change in any ratings (Progress Report of the National Weatherization Assistance Program, Oak Ridge National Laboratory, 1997).
The research in The Appraisal Journal provides two other indications of the market value that homebuyers assign to comfort.  First, the “appearance and ease-of-use” value of new windows estimated in the second study could have been related to comfort value because new windows can substantially reduce drafts.  Second, the presence of central AC was one of the variables included in the first study, and the implicit value assigned to this variable in the analysis actually exceeded the cost of central AC.  Of course, the statistical model also measured the negative effect on home value related to fuel bills, so the higher value of central AC would be partially offset by the extent to which central AC increased fuel bills.  These separate variables provide a rough indication that consumers would pay even more for the comfort value of central AC were it not for their offsetting inclination to pay less for homes with higher fuel bills.

In addition to adding energy efficiency, appearance, and comfort value, double-pane windows are also more resistant to breakage and damage from extreme weather conditions, and recent advances in window technology can provide even greater disaster resistance and durability.  WindowMaster, one of the many corporate partners in the Energy Star windows program, has recently developed a safety/security/Energy Star window that has demonstrated extraordinary durability in earthquake and high-wind projectile tests.  This window is also designed so that it would be impossible to break through it without attracting a great deal of attention, but it could be broken with an ax by firefighters if residents were trapped by a fire.  This technology offers significant safety benefits as a potential replacement for windows in homes with security bars to prevent forced entry.  These security bars pose a significant safety risk of trapping occupants in a fire, and security bars on windows may also discourage neighborhood revitalization efforts.  As crime has fallen substantially in many areas over recent years, replacing inefficient windows and dangerous security bars with safety/security/Energy Star windows could also provide broader neighborhood revitalization benefits.

Shared inspection costs and energy information value

In addition to providing more value from shared inspection costs, the EEHH Inspection would also create a market mechanism to extend this net benefit to more households by leveraging the explosive growth in the home inspection industry.  The home inspection industry had revenues of about $500 million in 2001 versus just $30 million in 1984.  In April 2001, the first-ever Home Inspection Industry Study showed that 77% of all homebuyers now obtain home inspections prior to home purchase, and 99% of realtors recommend that the buyer get a home inspection.  By comparison, only about 5% of all homes sold in 1980 were professionally inspected.  The 2001 survey also revealed heightened homebuyer awareness of the benefits of home inspections, with 81% placing a contingency in the contract for the inspection.

Home inspections typically involve a visual, non-invasive evaluation of all the different systems of the home, from the roof to the foundation, including the structure, roof, plumbing, heating, electrical, air conditioning, and other systems.  The average home inspection takes 2 to 3 hours, and the inspector provides the client with a written summary and comprehensive report on the condition of the home.  The rapid growth of home inspections is an example of how consumers are increasingly aware of the value provided by information, and this industry growth creates an opportunity to provide homeowners with greater value by providing more information about home energy use and home health hazards. 

EnergyCheckup, a corporate affiliate of one of the largest home inspection firms in the nation, has already developed a proprietary Home Energy Rating System (HERS) to deliver streamlined residential energy audits in conjunction with regular home inspections or as a separate service to encourage energy efficiency.  Under a program originally funded by Southern California Gas (SCG), EnergyCheckup has trained several hundred home inspectors in how to provide an energy audit that adds just 10 to 15 minutes to a standard home inspection.  Homeowners receive an energy audit report that lists cost-effective measures for saving energy and improving comfort in their home.  This report also estimates the reduction in energy-related carbon dioxide emissions from each recommended measure as an additional incentive for homeowners to take action.  The recommended measures provide annual savings that exceed the annual cost of financing with a mortgage – before considering mortgage interest tax benefits.  Another table in the report outlines other measures that may take longer to pay for themselves in terms of energy savings alone, but still add comfort and value to your home.  

EnergyCheckup had an extremely positive consumer reaction to the SCG program, with over 4,800 energy audits performed in the first 100 days of the program, including 24% of all home inspections performed in the SCG service area and 30% of all single-family detached home inspections.  In less than two years, energy audit contracts with utilities in California and Texas have made EnergyCheckup the largest provider of accredited energy audits in the nation. EnergyCheckup now offers to replicate this program for utilities across the country by training home inspectors to perform energy audits customized for differing climates and circumstances.  Trainees are qualified through EPA as Energy Star Partners and through the Residential Energy Services Network (RESNET - the national home energy rater certification organization) as Certified Energy Raters.  All EnergyCheckup inspection data is centrally warehoused and accessible in aggregate form, to provide utilities with a rich database on the potential for residential demand reduction in their service area.  

EnergyCheckup is also actively exploring the potential for expanding their training and database services to address dust testing for lead and allergen hazards and visual evaluation for mildew, significantly deteriorated paint, and HVAC and electrical hazards related to CO poisoning and fire hazards.  A HERS rating, a stand-alone EnergyCheckup, lead dust clearance testing, and a standard home inspection each cost about $150 to $250 per home, but about 80% of the cost for each service is simply the cost of having a professional making an onsite evaluation.  Combining these services would leverage shared costs to provide the multiple benefits of an Energy Efficient Healthy Home (EEHH) Inspection.  This strategy could be implemented by integrating the EnergyCheckup training with the HUD training for lead dust clearance testing and with the standard home inspection evaluation for mildew and fire and CO poisoning hazards. 

In addition to the direct benefits for households investing in an EEHH retrofit, this initiative would also expand the services offered by time-of-sale home inspections, giving homebuyers valuable information about energy efficiency and invaluable information about home health hazards.  As part of any time-of-sale inspection, the EEHH Inspection could provide independent lead dust clearance tests plus independent verification of insulation levels, allergens in dust, fire and CO hazards, mold and mildew, and significantly deteriorated paint.  In the context of an EEHH retrofit, this inspection could also include diagnostic tests to verify that air infiltration and duct leakage performance meet Energy Star standards.  

Incorporating lead dust testing into standard home inspections could also protect millions of children from lead dust hazards in “low-risk” housing.  Although the risk of lead dust hazards is quite low in homes with double-pane windows and painted surfaces in good condition, the only way to be sure is to perform dust tests.  If homebuyers with young children understood the risks of lead dust hazards they would certainly want the option of lead dust testing with a home inspection, especially when this option could add as little as $30 to the inspection cost.  (While homes with deteriorated lead paint and/or with lead paint on window surfaces might require paint stabilization and/or window replacement to permanently remove lead dust hazards, low-risk homes that do find lead dust hazards would generally only require a specialized cleaning.)  

A Better Return than the Stock Market - With Negative Risk 

Table 18 shows some of the energy efficiency measures that might be recommended by an EnergyCheckup inspection.  Average 1997 costs and utility savings estimates show that these 10 measures offered a higher rate of return that the stock market during the 1990s.  While the stock market hasn’t been a great investment since the end of the 1990s, rising fuel prices in 2000 made energy efficiency an even better investment. 

These 10 measures had a combined rate of return of 15% in 1997, which exceeds the long run return on the stock market, but even that comparison understates the risk-reward value of energy efficiency investments.  Investors often accept lower financial returns in exchange for less risk, where “risk” refers to the short-term variation in their long run expected return.  That’s why some investors prefer the lower but predictable return of money market accounts to the higher long run return and short run volatility of stocks.  The risk of investing in energy efficiency is actually negative because homeowners are already subject to the risk of changing fuel prices and weather patterns that can dramatically increase utility bills.  In addition to reducing your average fuel bill, energy efficiency also reduces the extreme spikes in fuel bills caused by changing fuel prices and extreme weather.  Investors usually accept lower returns from lower risk investments, but energy efficiency investments provide a higher return than stocks and reduce your overall financial risk by reducing the potential variation in your utility bills.

Table 18: 1997 Financial Return and Added Value from Energy Efficiency Measures

	Energy Efficiency
Upgrade
	Upgrade 
Cost* 
	Annual Utility Savings*
	Rate of Return
	Added Market Value

	
	
	
	
	

	   Fluorescent Lamps & Fixtures
	$200 
	$80 
	40%
	$1600

	   Duct Sealing
	$250 
	$95 
	38%
	$1900

	   Energy Star Clothes Washer
	$194 
	$66 
	34%
	$1320

	   ES Programmable Thermostat
	$107 
	$29 
	27%
	$580

	   Water Heater Wrap (R-12)
	$85 
	$23 
	27%
	$460

	   Energy Star Refrigerator
	$97 
	$23 
	24%
	$460

	   Energy Star Heat Pump
	$692 
	$126 
	18%
	$2520

	   Energy Star Dishwasher
	$29 
	$5 
	17%
	$100

	   Air Sealing 
	$522 
	$38 
	7%
	$760

	   Wall and Attic Insulation
	$1,784 
	$111 
	6%
	$2220

	   Total
	$3,960 
	$597 
	15%
	$11,940


*Source: Lawrence Berkeley National Lab

Air sealing and adding wall and attic insulation are the only measures in Table 18 that returned less than 17% in 1997, but combining these activities can be extremely cost-effective because adding wall insulation with high-density installation methods also provides significant air sealing benefits. (Note that the higher returns shown for heat pumps and appliances in Table 18 are based on the incremental costs for Energy Star products relative to the price of standard equipment.  These Energy Star products are great investments when you are replacing older equipment, but the savings from an Energy Star heat pump will not recover the total cost of replacing a less efficient heat pump in good working order.)  By providing a “whole-house retrofit” including windows, insulation, and air sealing, Energy Star home sealing could also save homeowners several hundred dollars more when they are ready to replace older HVAC equipment, because an efficient home envelope reduces the size of HVAC equipment required.
Table 18 also shows that these 10 measures could increase home value by $11,940 in 1997, based on the $20 to $1 rule from The Appraisal Journal research.  One caution: The conclusion that home value increases by $20 on average for every $1 of utility bill savings might not apply to minor upgrades or appliances not sold with the house, because homebuyers should try to verify that lower fuel bills are related to permanent energy saving home characteristics.  On the other hand, a smart homeowner investing in an EEHH retrofit would also be wise to use Energy Star appliances to further reduce the fuel bill that they can show to prospective homebuyers.  

The fact that Energy Star investments can increase home value by more than the upgrade cost means that homeowners can reduce their financial risk and enjoy high rates of return on these investments regardless of how long they expect to stay in their home.  Follow-up research on “adoption rates” for measures recommended by EnergyCheckup indicate that homeowners may be much more likely to invest in energy efficiency when they can see the fuel savings estimates for their own specific home.  This research also indicates that many homeowners already understand the market value of energy efficiency because homeowners were actually more likely to make energy efficiency investments near the time of sale of their property.

Other Healthy Home Benefits

Avoided CO poisoning could be a significant factor in explaining the reductions in colds, flu, allergies, headaches and nausea reported in the WAP survey of properly weatherized homes.  There are about 1,500 CO poisoning deaths from each year in the US, and most are caused by malfunctioning, incorrectly installed, or misused combustion appliances such as furnaces and gas ranges.  More than 12,000 non-fatal CO poisonings were reported to the American Association of Poison Control Centers in 1993, but the Association believes this represents only a fraction of the actual number of events because nonfatal CO poisonings are often misdiagnosed as flu or other afflictions.  The potential for reducing CO poisoning was clearly demonstrated by a Pittsburgh Health Department program that combined public education and housing inspections, resulting in zero CO poisoning fatalities for the first winter in 8 years.  The Pittsburgh Health Department also found that 58% of the 33 CO poisoning fatalities during the previous 7 years were in low-income neighborhoods - the same housing segment targeted by federal upgrade assistance programs.

Combustion equipment repairs to minimize CO poisoning risks can also reduce fuel consumption by improving the operational efficiency of hot water heaters and furnaces.  Replacing older equipment also provides health and energy benefits because high-efficiency furnaces and hot water heaters are often equipped with direct or power venting that reduces the risk of “back drafting” combustion gases into the house, minimizing the risk of CO poisoning.

Furnace repair (or replacement) can also significantly reduce the risk of residential fires.  Insurance industry data indicate that residential units account for about 80% of the $1.8 billion of insured annual fire losses.  Residential fires also account for almost all of the 750 deaths and 7,300 injuries related to fires each year.  Most of these residential fires are related to combustion appliances such as furnaces and gas ranges, or other electrical equipment and appliances.

In the course of doing energy audits for duct leakage, EnergyCheckup has found that leaking ducts are a significant factor in moisture buildup, associated mildew problems, and the transfer of indoor air pollution throughout a home.  The new Energy Star specification for duct sealing will promote the indoor air quality benefits of proper duct sealing in addition to the significant energy savings potential. 

Dust mites and cockroach and mildew allergens are common triggers for asthma, especially in children.  In 1993, asthma accounted for an estimated 198,000 hospitalizations and 342 deaths among persons under age 25.  Asthma deaths have tripled over the past two decades, visits to the ER and hospitalizations have increase to more than 500,000 each year, and asthma-related health costs now exceed $14 billion per year.  In addition to indoor asthma triggers, air pollution is a very common exterior trigger for asthma and other respiratory problems.  Almost all air pollution is related to energy-related emissions, and the residential sector accounts for about one-third of all energy consumption in the United States.  The average home actually pollutes more than the average car.  In addition to reducing indoor hazards that trigger asthma and other health problems, the EEHH strategy could also substantially reduce asthma and other respiratory problems related to air pollution.

Extreme heat and cold is also a common home health hazard that is obviously addressed by energy efficiency improvements.  Recent research estimates that up to 30,000 mostly elderly Britons die unnecessarily each winter because of cold temperatures in their home, even though Britain winters are mild by European standards.  In the United States, the CDC reports that more people die each year from extreme heat exposure than from hurricanes, lightening, tornadoes, floods, and earthquakes combined.  During 1979-1998, 7,421 deaths in the US were attributed to excessive heat exposure.  On average, approximately 300 people die each year from exposure to heat.  The CDC also notes that air conditioning provides the most protection from heat exposure, but some people are at increased risk because they are fearful of high utility bills and limit their use of air conditioning. 
Shared Cleanup and Recurrence Prevention Costs

The National Institute of Environmental Health Sciences (NIEHS) and the HUD Office of Healthy Homes cosponsored the 1999 National Survey of Lead and Allergens in Housing (NSLAH).  NSLAH data show that low-income households and homes with a musty or mildew odor have an increased risk of high levels of cockroach and dust mite allergens in bedding.  The risk of dust mite allergens is also higher in pre-1978 homes – the same homes at risk for lead paint hazards.  Dust mites and other allergen hazards, like lead paint hazards, and residential fire and CO poisoning hazards, are disproportionately concentrated in older, low-income housing because all these home health hazards, and energy inefficiency, are related to housing quality.

The specialized cleanup required by the HUD rule to remove lead dust hazards includes a HEPA vacuum followed by wet wash with a lead-specific detergent.  (A standard vacuum cleaner can actually spread lead dust hazards because the tiny lead dust particles can pass through a standard vacuum bag).  An NIEHS-sponsored study has shown that intensive vacuuming, combined with weekly laundering of bedding allergen-proof mattress and pillow covers, and dry steam cleaning of carpets and upholstery can significantly reduce the dust mite allergens in bedrooms of low income, urban homes.  HUD healthy home grantees have also found that there is substantial overlap in cleanup techniques to address lead and allergen hazards in dust.  Integrating these cleanup protocols, and adding simple cleanup procedures for scrubbing away mold and mildew, would address both lead dust hazards and all of the most common triggers for asthma.  

Homes with excessive air infiltration are both less energy efficient and more likely to have dirt, dust and other impurities spread throughout the house.  High-density wall insulation techniques that reduce air infiltration can also reduce dust infiltration (and associated allergens) and water infiltration (and associated mildew), and filling voids in walls could also reduce allergens associated with roaches.  An important characteristic of the paint stabilization requirement of the HUD rule is that any necessary structural repairs to painted substrates must precede repainting, including any repairs to eliminate moisture penetration that could cause recurring paint deterioration.  Moisture infiltration around old windows is one common cause of both mildew hazards and paint deterioration.  Leaking ducts can also lead to buildup of condensation moisture and associated mildew problems and can transfer indoor air pollution throughout a home from attic and crawl spaces.  By combining a specialized whole-house cleanup with Energy Star upgrades, the EEHH retrofit would eliminate lead and allergen hazards and the structural problems that could cause recurring home health hazards.  The EEHH inspection would then provide an independent evaluation for lead and allergen hazards and home energy efficiency. 

In summary, an EEHH Retrofit would address allergen and lead paint hazards, CO poisoning and residential fire risks, and reduce fuel bills by about 35% in a typical pre-1978 home with single-pane windows.  It would also provide homeowners with valuable information about how much more they could save by investing in other Energy Star products to replace older appliances and heating and AC equipment.  If homeowners who invest in an EEHH Retrofit subsequently choose Energy Star products when replacing older appliances and equipment, then their average fuel bills could be reduced by 50% or more.

Market Demand and Market Transformation

Any subsidies for EEHH retrofits (or lead-safe homes with Energy Star windows) would focus on low-income households eligible for programs that already provide financial assistance for housing rehabilitation, weatherization, and healthy home interventions.  This strategy would also leverage the existing distribution and delivery networks of state and local program affiliates that receive these federal funds, and expand the infrastructure of contractors trained in performing the diagnostic and upgrade components of the EEHH retrofit.  

While the direct benefits of government and charitable assistance would go to low-income households, the EEHH initiative could also yield long term “market transformation” benefits for all households.  The Energy Star program is a classic example of a market transformation effort that uses market forces (rather than regulations) and works with private sector partners to remove market barriers and create permanent changes in the market – that provide public and private benefits.  The fact that consumers have historically had no easy way to identify cost-effective, energy efficient products is a “market barrier” that discourages investments in energy efficiency that save money and reduce energy-related pollution.  The EEHH strategy would help to promote the energy saving, market value, and health benefits of Energy Star windows, duct sealing and home sealing, and the value of other Energy Star investments identified by the EEHH Inspection.  The EEHH strategy would also extend the market transformation benefits of the Energy Star program by giving homebuyers and renters a simple way to identify home characteristics related to home health hazards as well as energy efficiency.

Even as government and charitable assistance help low-income households to finance an EEHH retrofit (and to provide retrofit incentives for landlords), the Energy Star program could also encourage middle to upper income households (not eligible for assisted upgrades) to make this home retrofit investment.  Families with young children, or planning to have children, could be specifically targeted (by working with existing prenatal care programs) to communicate how this upgrade reduces childhood lead exposure and other home health hazards.  

In terms of market upgrades (excluding units that receive upgrade assistance) the EEHH strategy could also target homeowners who are already considering replacing windows. The Federal Strategy to Eliminate Childhood Lead Poisoning used AHS and RECS data to show that 16% of all pre-1970 housing units replaced all of their windows during the 1990s, but this analysis also showed that window replacement rates are highest among higher income households.

Table 19. 1994-97 Percent of Owner Occupied Units Replacing All Windows

	Household Income
	Age of Housing Unit

	
	Pre-1920
	1920-1939
	1940-1949

	Less than 130% of Poverty Level
	2.7%
	1.7%
	3.9%

	130% to 350% of Poverty Level
	4.5%
	4.7%
	4.6%

	More than 350% of Poverty Level
	6.0%
	6.1%
	7.8%


This Federal Strategy also highlighted data indicating that children with elevated blood lead are also much more likely to live in households below 130% of the poverty level.  The lower rate of window replacement and higher prevalence of elevated childhood blood lead in households below 130% of the poverty level provide more evidence of the link between old windows and lead paint hazards.  The EEHH retrofit strategy would target upgrade assistance to these lower income households while also sending an important market transformation message to households with the financial means to upgrade their homes without assistance.

Table 20.  Prevalence of Children under Age 6 With Elevated Blood Lead Levels

	Blood Lead (10 µg/dL
	Pre-1946
	1946-1973
	Post-1973

	 Household Income ( 130% of Poverty Level
	16.37%
	7.25%
	4.33%

	 Household Income > 130% of Poverty Level
	3.19%
	2.24%
	0.22%

	Blood Lead ( 15 µg/dL
	Pre-1946
	1946-1973
	Post-1973

	 Household Income ( 130% of Poverty Level
	6.75%
	1.19%
	0.12%

	 Household Income > 130% of Poverty Level
	1.27%
	0.10%
	0.22%


Source: Third National Health and Nutrition Examination Survey—Phase 2, 1991-1994

Survey research indicates that many more homeowners would be inclined to invest in window replacement, and in EEHH retrofits, if they were aware of the energy saving and market value benefits.  A poll conducted by research firm Bardsley & Neidhart in 2001 found that 91% of Americans would buy Energy Star products if it meant that the market value of their home would increase.   Unfortunately, the same poll found that 9 out of 10 people surveyed were unfamiliar with the Energy Star program (most of the people surveyed expressed a keen interest in buying Energy Star products only after the person asking the questions first had to explain the Energy Star program).  Even fewer people are aware that energy efficiency, and Energy Star products in particular, can increase their home’s resale value.

In principle, a broader awareness of the Energy Star label, and associated fuel savings, should also provide a more consistent way for homebuyers – and appraisers - to recognize the energy efficient value of different homes.  The increase in home market value associated with lower fuel bills was most apparent and consistent in the largest housing samples examined in The Appraisal Journal, but showed more variation in the smaller samples.  The variation in smaller samples wasn’t surprising because annual fuel bills are also affected by occupant behavior, and therefore provide only a rough indicator of energy efficiency even after controlling for the size of a home and other home characteristics in the AHS.  (The random variation in fuel bills due to occupant creates less distortion in larger samples.)  By contrast, the Tacoma study (in Table 7) examined the resale value of homes built just before and just after the adoption of a new energy efficient homebuilding code that gave homebuyers a clear indication of energy efficiency independent of occupant behavior.  As a result, this study clearly linked the market value of energy efficiency to a trade-off between annual fuel bills and after-tax mortgage interest expense, in spite of a very small sample size.  

The Energy Star program can establish a similar nationwide indicator for energy efficient home characteristics.  Ideally, Energy Star duct sealing, home sealing, HVAC equipment, and appliances that are sold with a home should all be featured as key information on Multiple Listing Service (MLS) descriptions of homes for sale.  This information is at least as important as property taxes for prospective homebuyers trying to decide if they can afford the monthly cost of a specific home.  Similarly, MSL information on EEHH retrofits would also provide homebuyers with invaluable information on allergen and lead paint hazards, CO poisoning and residential fire risks.

Potential Energy Savings and Air Pollution Reduction

The target market for EEHH retrofits would be pre-1980 homes with single-pane windows because the use of lead paint in housing was banned in 1978, other home health hazards are more common in pre-1980 homes, and homes built before 1980 tend to be less energy efficient.  About 50 million housing units, or roughly half of all US homes, are pre-1980 homes with single-pane windows.  An EEHH retrofit and subsequent purchase of Energy Star products recommended in the EEHH inspection could reduce energy demand in these homes by 50% or more

Figure 3 shows AHS data on average monthly utility costs per square foot by age of construction and region.   This rough measure of energy efficiency clearly shows that pre-1980 homes are much less energy-efficient than homes built after 1980.  In fact, homes built before 1980 have monthly fuel bills per square foot that are about 20% higher than homes built after 1990.  (The same pattern holds for homes segmented by main heating fuel, and there is little variation in average household size across the periods of construction in each region.)
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Figure 3 actually understates the relative inefficiency of older homes because homes built after 1990 in every region are more likely to have air conditioning.  In fact, the smaller percentage of pre-1940 homes with central air conditioning is a key reason why average fuel bills per square foot in pre-1940 homes are lower than in homes built from 1940 to 1960.  Average utility bills per square foot in Figure 3 also include the segment of older homes that have already replaced inefficient single-pane windows (about one-third of pre-1960 homes), so older homes that still have single-pane windows are even less efficient than the averages shown.  The EEHH strategy would specifically target the most inefficient homes within the subset of inefficient pre-1980 homes: homes with single-pane windows. 

Another 10 to 15 million homes built after 1980 also have single-pane windows.  These homes are not at risk for lead paint hazards but they would still realize the energy savings from window replacement and other healthy home benefits from an EEHH retrofit.  An EEHH Inspection in any home, including those with double-pane windows, could also identify home health hazards and a variety of ways for homeowners to invest in Energy Star products that yield excellent financial returns and actually reduce financial risk.

A successful implementation of this EEHH market transformation initiative could have profound effects on national energy demand and energy-related air pollution.  The combined impact of EEHH retrofits in homes with single-pane windows and other cost-effective measures identified by EEHH Inspections could reduce total residential energy demand by 30% or more the next 10 years.  The residential sector accounts for about one-third of total US energy demand, so a 30% reduction in residential demand could reduce total energy demand by 10% without any reduction in the commercial, industrial, or transportation sector energy use.  This would exceed the Kyoto Protocol target for industrial nations to cut greenhouse gas emissions – mainly carbon dioxide from energy consumption – to 5% below 1990 levels by the year 2012.  The EEHH strategy could achieve that goal, with corresponding reductions in other air emissions related to respiratory illnesses, through cost-effective investments that provide net market value benefits and sharply reduce allergens related to asthma, childhood lead exposure, CO poisoning, and residential fires. 

The Impact on Equipment Costs and Peak Load Demand

In addition to reducing average energy demand, the EEHH strategy would have an even greater impact on peak-load electricity demand, when supply shortfalls can trigger power outages like those experienced in California in 2001.  A key reason why Energy Star windows save even more money when homeowners replace older heating or cooling systems is that the size of the heating and AC equipment can be reduced and still be more than adequate on the coldest or hottest days of the year.  In very hot climates, combining Energy Star windows with other energy efficient improvements can reduce the required size of AC systems by 30%, reducing equipment cost by several hundred dollars. 
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Energy Star windows also reduce load factors for electric utilities at exactly the time when peak demand is most likely to strain generating capacity.  Lower heat loss and air leakage with Energy Star windows reduces energy demand at any time, but the low-e glass used in warmer climates also reduces solar heat gain and AC energy demand during afternoon hours when system-wide demand is greatest.  Technology advances also allow this reduction in solar heat gain while providing clear views and daylight.  

In the past, the cost of maintaining adequate generating capacity for peak load demand has been spread across all ratepayers, but many utilities now charge higher rates for electricity use during peak demand periods.  This change in utility pricing will create even more benefits for individuals who upgrade to Energy Star windows. 

The Impact on Smart Growth Initiatives and Air Quality Goals

In January 2001, EPA’s Office of Transportation and Air Quality (OTAQ) issued guidance for state and local communities who wish to develop "smart growth" strategies and account for the air quality benefits associated with land use activities.  "Improving Air Quality Through Land Use Activities" emphasizes the link between air quality, transportation, and land use, and how certain land use activities have the potential to help local areas meet their air quality goals. Specific concepts discussed in this document include: 

· Air quality planing: The process by which states (and some regional air quality planning agencies) assess current and future air quality conditions, determine the “control strategies” needed to improve air quality, and prepare State Implementation Plans (SIPs) and submit them to EPA for approval.

· Transportation planning: The process by which state and local transportation agencies (and metropolitan planning organizations) assess future transportation needs such as roads and transit systems.  Federal regulations require states to demonstrate that planned transportation activities are consistent with the air goals outlined in the SIP.

· Accounting for land use in air quality and transportation planning: Land use activities that reduce motor vehicle use, through shortening trip lengths or increasing access to other modes of transportation, may be accounted for in air quality and transportation planning. 

In addition to direct benefits from reduced residential energy use, the EEHH strategy could also provide transportation emission reduction credit in SIPs because older housing units targeted by this strategy are concentrated in urban areas.  AHS data show that rural areas account for almost half of post-1980 single-family homes but account for only 36% of 1960-1979 single-family homes and about 25% of pre-1960 single-family homes.  Older multi-family units are even more disproportionately concentrated in central cities and other urban areas.
Table 21: % of Central City, Other Urban, and Rural Housing by Year of Construction
	Single Family

(4 units or less)
	Total Number of Housing Units (000)
	Central City

(row %)
	Other Urban

(row %)
	Rural

(row %)

	Pre-1940
	19,439
	39%
	32%
	29%

	1940-1959
	19,916
	33%
	46%
	21%

	1960-1979
	31,137
	21%
	43%
	36%

	1980+
	25,429
	14%
	38%
	48%

	Multi-Family 
	
	
	
	

	Pre-1940
	2,795
	79%
	19%
	2%

	1940-1959
	1,992
	71%
	28%
	1%

	1960-1979
	7,854
	49%
	47%
	4%

	1980+
	5,698
	40%
	47%
	13%


The requirement that transportation activities conform to air goals is extremely significant to state and local governments because failure to meet the SIP goals can affect the distribution of federal highway funds.  Transportation models can be a basis for demonstrating that certain land use activities have air quality benefits, including the benefits of transportation emission reductions from shortening trip lengths and increasing access to other modes of transportation by encouraging central city and other urban residential development.
Implementation Strategy and Ongoing Research

The EEHH retrofit would minimize shared costs and maximize health and economic benefits, but some amount of training and coordination will be needed before all of the components of the EEHH retrofit could be made widely available.  The Energy Star Home Sealing program wasn’t announced until the last quarter of 2001 and the launch of the duct sealing program might not occur until early in 2002 and would not be widely available until some time later.  Inspectors trained to do the EnergyCheckup are presently concentrated in Texas and California and additional training would be needed to provide the complete EEHH inspection that incorporates the evaluation for home health hazards. 

During a phase-in period, the EEHH strategy could focus on upgrades to lead-safe homes with Energy Star windows to explicitly address requirements of the new HUD rule on lead hazard reduction.  By leveraging the existing delivery networks of state and local programs that receive federal funds for home upgrade assistance, this effort could have an immediate impact on energy use and lead paint hazard reduction.  The HUD Office of Healthy Homes has already provided training sessions for safe work practices (including lead dust cleanup) and clearance testing, and HUD could work with Energy Star window manufacturers to expand the reach of the safe work practices training.  The benefits of reducing energy use and lead paint hazards could also be extended to households not eligible for upgrade assistance by working with Energy Star window manufacturers to promote the benefits of lead-safe homes with Energy Star windows.  Utilities that already offer incentives for Energy Star windows could also be enlisted to participate in this first phase of the EEHH market transformation initiative.

Most WAP affiliates at the state and local level already provide the insulation and air sealing elements of the new Energy Star home sealing upgrade.  The WAP could immediately encourage these state and local partners to work with local rehab programs doing upgrades to lead-safe homes with Energy Star windows wherever possible.  If these WAP affiliates achieve the Energy Star home sealing standards for insulation and air sealing then this combination would include most of the components of the EEHH retrofit.  About half of all WAP affiliates provide services through private contractors, and providing Energy Star home sealing through these WAP affiliates would expand the number of contractors who could also provide this service to households not eligible for government upgrade assistance.  

Areas where trained contractors are available to provide Energy Star home sealing could then be the priority targets for combining EnergyCheckup and HUD training to build a market-based infrastructure of home inspectors to perform EEHH inspections.  This would provide all of the components of an EEHH retrofit except for duct sealing - which would only apply to homes with ducts (and the pre-1940 homes with the greatest risk of lead paint hazards are less likely to have ductwork).  The next priority would be to train local contractors in Energy Star duct sealing and to work with Energy Star partners to promote the EEHH retrofit.  Both assisted and unassisted households investing in lead-safe homes with Energy Star windows could also be targeted at that time to upgrade to an EEHH retrofit.

An EEHH strategy would initially focus on low to moderate-income households eligible for programs that already provide financial assistance for housing rehabilitation, weatherization, and healthy home interventions.  This strategy could also solicit funding from charities, foundations, and other public and private entities with an interest in energy efficiency and/or children’s health issues to rapidly expand the number of low-income households that can benefit from upgrades to lead-safe homes with Energy Star windows and complete EEHH retrofits.  Data collected from assisted households could also support ongoing research to validate the net benefits of the EEHH Retrofit and communicate this value to homebuyers and appraisers.  This ongoing research and related market transformation efforts would also begin the process of achieving even greater indirect benefits extending to all households. 

Within 6 to 12 months, sufficient data should be available to report upgrade costs and lead paint hazard clearance test results for upgrades to lead-safe homes with Energy Star windows.  Within 12 to 18 months, data on upgrade costs and EEHH Inspection results should become available for EEHH retrofits in certain markets.  Utilities participating in this initiative could also provide data on pre-retrofit and post-retrofit utility bills.  Over the next year, additional data could be gathered to begin verifying that EEHH retrofits provide enduring health benefits.  

These preliminary results could then support a more aggressive effort to encourage more households to make this home retrofit investment based on documented energy savings and health hazard reduction.  Adding middle to upper income households to the database of EEHH Retrofits would ensure that conclusions drawn from ongoing research would apply across income brackets and housing market characteristics associated with income.  Although Energy Star has generally discouraged subsidies for Energy Star products, to avoid diluting the message that they pay for themselves, some incentive might be appropriate for any household that will participate in ongoing data collection to verify the health and economic benefits of the EEHH retrofit.  One option would be for this initiative to subsidize the cost of the EEHH Inspection, but not the actual upgrade costs, without regard to household income.

Over a longer period of 1 to 5 years, an expanding database of EEHH retrofits would document retrofit costs, energy savings, and health hazard reduction across a more geographically and economically diverse group of households.  This ongoing research could also track the market value associated with the EEHH Retrofit compared with homes that have not performed this retrofit.  Research comparing the resale value of retrofitted homes with otherwise comparable homes is expected to demonstrate that the EEHH Retrofit increases home value by more than the total retrofit cost.  Research comparing EEHH Retrofits with otherwise comparable homes is also expected to show that this retrofit package virtually eliminates the risk of childhood lead poisoning and substantially reduces the prevalence of asthma, residential fires, and CO poisoning.  Over the next decade, these demonstrated net benefits of the EEHH Retrofit would support a major market transformation initiative, substantially increasing the number of homeowners that make this home retrofit investment.

Ongoing Housing Value, Energy Demand, and Healthy Home Research

In May 2001, Southern California Edison (SCE) sponsored a series of training seminars for appraisers focusing on the research in The Appraisal Journal relating home market value of energy efficiency.  SCE also sponsored the development of the training materials for these seminars, including background on the significance of Energy Star products and home upgrades and EnergyCheckup Inspections as a means of verifying that lower fuel bills reflect energy efficiency and not just occupant behavior.  These training sessions were approved by the State of California for continuing education credit for appraisers, and the national Appraisal Institute has expressed an interest in offering similar nationwide training seminars that address both energy efficiency and related healthy home issues.  Appraisers attending the California training sessions found the evidence compelling, but also said they would be hard-pressed to adjust appraised value for energy efficiency and/or healthy home characteristics unless the FHA, Fannie Mae and Freddie Mac recognized these factors in home value.

The comments by appraisers taking the training courses on energy efficiency value illustrate one reason why ongoing research is an important factor in the EEHH strategy.  FHA insurance and Fannie Mae and Freddie Mac guarantees for Mortgage-Backed Securities (MBS) means that the FHA, Fannie and Freddie have a keen interest in the credit risk of mortgage borrowers – because they take the loss when those borrowers default.  To manage that risk, they set the underwriting rules for FHA mortgage insurance and for mortgages that Fannie and Freddie will buy for resale as MBS.  Appraisers taking the SCE training sessions observed that there was no entry in the standard Fannie or Freddie appraisal form for energy efficiency or Energy Star.  
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Mortgage default is often triggered by “life events” that reduce household income, including job loss, divorce, serious health problems, and death, but a home’s appraised value is also a key factor in managing the default risk of higher loan-to-value mortgages.  The initial loan-to-value ratio, the rate of home value appreciation, and the length of time that the mortgage has been paid are all key factors affecting default rates.  These risk factors appear to interact with life events that trigger default because a lower initial loan-to-value ratio, paying down the mortgage for many years, and home appreciation all increase the borrower’s home equity (the amount of home value not owed under their mortgage).  Homeowners facing one of the life events that can trigger default often get several months behind on their mortgage, but if they reach this point with a lot of equity in their home, then they are likely to sell the home and settle their mortgage at closing.  By contrast, if they reach this crisis point with very little home equity, then selling their home, and paying a realtor commission and overdue mortgage obligations, might not leave them enough to secure another place to live.  In this case, the homeowner is more likely to fight their creditors until they are legally removed from the home, which can take a very long time and leave creditors with a substantial loss.

Housing Market Research

Given the importance of an appraisal in managing default risk related to the loan-to-value ratios, the FHA, Fannie and Freddie also have a keen interest in verifying how energy efficiency affects market value and whether the Energy Star label provides a more consistent market value impact.  In particular, Fannie and Freddie should also have a keen interest in the market value impact of an EEHH retrofit.  The research in The Appraisal Journal suggests that financing the entire cost of an EEHH retrofit with a second mortgage could actually reduce default risk, because the increase in market value could exceed the cost of this home retrofit.  Furthermore, every major recession since 1970 was arguably related to a sharp rise in fuel costs (including the oil embargo in 1973, the Iranian revolution in 1979, and the Gulf war in 1990).  If the value of energy efficiency reflects prevailing fuel costs, then energy efficiency should provide the greatest home value benefit at a time when higher energy prices could lead to higher job losses – one of the key “life events” that can trigger default.  In fact, one of the studies reviewed in The Appraisal Journal showed that gas-heated homes had significant higher market value relative to oil-heated homes after an oil shock significantly increased fuel oil prices relative to natural gas prices.  

A recently released analysis of FHA default data also shows that low-income neighborhoods have a higher default rate unrelated to the income of the individual borrower.  This research found that neighborhood defaults may trigger lower neighborhood housing prices that in turn, increase individual default probabilities, leading to vacant properties and neighborhood decay.  Higher default rates in minority neighborhoods were insignificant when past defaults and house price changes were included in the equation, suggesting that lower rates of house price appreciation are an important factor in higher default rates observed in minority neighborhoods. This research suggests that increasing home market value with EEHH retrofits could be an effective strategy for reducing default rates in low-income communities – the neighborhoods targeted by federal upgrade assistance programs. 

Although Fannie and Freddie are private corporations, their congressional charters still direct both firms to increase the affordability of homeownership.  Supporting an EEHH retrofit initiative targeting lower income households eligible for federal assistance would directly serve this charter directive.  Assisting with ongoing research to track and verify the market value associated with an EEHH retrofit would also serve their corporate interest in managing credit risks related to home value and loan-to-value ratios.

Energy Demand Research

Several utilities have already discovered the value of centrally warehoused EnergyCheckup inspection data that provides a database on the potential for residential demand reduction in their service area.  The EEHH inspection could provide even more insight into how home upgrades and other energy efficiency investments affect utility demand, peak load demand, and household utility bills in different climates and utility service areas.  The database could be used to verify the expected utility savings from EEHH retrofits and follow-up surveys could determine adoption rates for other recommended energy efficient investments.

Fannie Mae also provides funding for utility-sponsored loan programs to promote Energy Star products and upgrades.  The EEHH strategy could help to extend this Energy Star promotion to low-income assistance programs, use utility-sponsored loan programs to leverage low-income assistance, and share EEHH inspection data to support both housing and energy research.

Fannie Mae has also sponsored a pilot program to bundle emission reductions associated with energy efficiency, to sell these reductions in emissions trading markets and pass the savings through to homebuyers to encourage the sale of new Energy Star homes.  Applying this concept to EEHH retrofits could add an additional financial incentive to invest in an EEHH retrofit with or without other upgrade assistance.  Ongoing research documenting energy demand reduction would also help to establish exactly how emissions reductions from EEHH retrofits should be valued in emissions trading markets.  

Health Hazard Research

Ongoing research related to this initiative could also leverage a database of EEHH inspections to provide essential data for national health research activities.  The HUD Office of Healthy Homes and the National Institute of Environmental Health Sciences (NIEHS) could play a key role in this effort.  It was NIEHS-sponsored analysis of NSLAH data that showed low-income households and pre-1978 homes having an increased risk of high cockroach and dust mite allergens, and another NIEHS-sponsored study that demonstrated the effectiveness of specific cleaning procedures for reducing dust mite allergens. The HUD Office of Healthy Homes has many years of experience with using its grant programs for lead hazard reduction and other healthy home upgrades to provide immediate health benefits for low income occupants and to support ongoing research based on grant program data.  

The EEHH strategy would allow the NIEHS and the HUD Office of Healthy Homes to provide new insight into the importance of home health hazards in overall health policy.  For example, while there is general consensus that mold and mildew and dust mite and cockroach allergens are important triggers for asthma, there is not enough data or research to determine just how many asthma hospitalizations and deaths could be avoided by eliminating these home health hazards.  Ongoing EEHH research could also include follow-up dust testing to verify the duration of hazard reduction, and other tests (like blood lead tests) and health surveys to verify health benefits for occupants.  As the database of EEHH retrofits expanded over time, the prevalence of elevated blood lead, asthma, residential fires, and CO poisoning in these homes could be compared with national prevalence data to better estimate total health benefits.

The broader mission of the NIEHS, as part of the National Institutes of Health (NIH) within the Department of Health and Human Services (HHS), includes research, prevention and intervention efforts, and communication strategies to reduce human illness from environmental causes.  The EEHH retrofit initiative would support ongoing research and provide immediate prevention and intervention to reduce illness from environmental causes and establish an easily communicated market mechanism for identifying homes with reduced health hazards.  In addition to serving the broad components of the NIEHS mission, the EEHH retrofit initiative would also advance two specific multi-year NIH research priorities: 

1. Longitudinal Cohort Study  (LCS) of Environmental Impacts on Children: The NIH is just beginning the study design for this LCS to examine the effects of environmental exposures and other factors that may impact children’s health.  The EEHH strategy would provide an important additional perspective for this research by creating a large database of homes that have been retrofitted with “best practices” for home health hazard reduction.  This would permit the LCS to examine the impact of the EEHH Retrofit on children’s health relative to a control group of otherwise similar homes that have not been retrofitted. 

2. Strategic Research to Eliminate Health Disparities: This NIH strategic research plan sets forth objectives for reducing and ultimately eliminating health disparities among racial and ethnic minorities by focusing on public information and outreach as well as ongoing research.  The EEHH strategy targets home health hazards that disproportionately affect racial and ethnic minorities and low-income children.  The EEHH strategy would also provide an important link between research to eliminate health disparities and the LCS study of environmental impacts by providing data on the extent to which health disparities among racial groups might be largely explained by racial disparities in home health hazard exposure.    

Coordinated Research

The following partners could play key roles in supporting ongoing research to verify the market value, energy, and health benefits expected from the EEHH strategy: 

· The HUD Office of Healthy Homes 

· The National Institute of Environmental Health Sciences (NIEHS)

· The FHA, Fannie Mae, and Freddie Mac

· EnergyCheckup and participating utilities

· The EPA Office of Transportation and Air Quality (OTAQ)

Public policy research is often constrained by inadequate funding for the expense of developing and maintaining a large research database.  The EEHH strategy offers a unique opportunity for housing, energy, and health research to build on prior research establishing “best-practices” and leverage charitable, public, and market funding for home upgrades to establish an extraordinary research database.  Even a large research budget would be dwarfed by the $2.2 billion of federal spending each year on assisted upgrades, and especially by the $62 billion in annual upgrade spending reported by the AHS for all owner-occupied homes. EnergyCheckup has already established a roadmap for collecting data on EEHH retrofits through utility-sponsored energy efficiency programs.  Utility-sponsored EEHH inspections could also complement the Fannie Mae program for utility-sponsored energy efficiency loans, and the FHA, Fannie and Freddie could link this database to their own extensive databases to track the impact on home value.  OTAQ could also use the EEHH database and related transportation research to establish how state and local governments could value the direct and indirect air quality benefits of EEHH retrofits to achieve air quality goals in their State Implementation Plans.  

The HUD Office of Healthy Homes has already agreed to pay the $150 cost per unit for lead dust testing in assisted units subject to the HUD rule, and several utilities have already agreed to pay a similar cost per unit for EnergyCheckup inspections to encourage energy efficiency.  By sharing the $225 estimated cost of an EEHH Inspection, Fannie Mae and Freddie Mac, HUD, the NIH, OTAQ and participating utilities could build a powerful database for ongoing research and add an additional incentive for any household to invest in an EEHH retrofit.

The Money We Are Already Spending

Programs that provide federal assistance for home upgrades would play a key role in achieving both the immediate goal of assisting low-income households and the ongoing research and market transformation goals of the EEHH strategy.  The Partnership for Advancing Technology in Housing (PATH) also anticipates that these federal assistance programs could play a similar role in achieving the PATH goal to reduce energy use in 15 million existing homes by 30 percent by the year 2010.  In particular, the draft Strategy Implementation plan for achieving the PATH existing home energy efficiency goal (November 2000) identified 10 federal programs that already provide more than $2 billion per year for housing upgrade assistance:

1. The Office of Healthy Homes provides grants for healthy home interventions (and is also responsible for implementing the HUD rule on lead hazard reduction that affects several other federally assisted housing programs). 
2. The HOME program provides grants to states and localities for affordable housing programs. 

3. Community Development Block Grants (CDBG) to state and local governments are used for economic and community development activities that benefit low-income individuals.

4. The Low-Income Housing Tax Credit (LIHTC) gives states the equivalent of over $3 billion in annual budget authority to issue tax credits for the acquisition, rehabilitation, or new construction of affordable rental housing. 

5. The HOPE VI Program awards Revitalization grants for rehabilitation, demolition and new construction, and other physical improvements, as well as planning and technical assistance. 

6. Emergency Shelter Grants (ESG) improve the quality and number of emergency homeless shelters, including the conversion and renovation of buildings as emergency shelters.

7. Housing Opportunities for People with Aids (HOPWA) provides housing assistance and supportive services for low-income people with HIV/AIDS and their families, including the rehabilitation, conversion, and repair of housing.
8. The DOE Weatherization Assistance Program (WAP) funds energy efficiency investments for low-income households through a network of local weatherization agencies. 

9. Low Income Home Energy Assistance Program (LIHEAP) funds are primarily used to help low-income households pay home heating and cooling bills, but 15% to 25% of these funds can be used for low-income home weatherization (usually combined with WAP funds).  

10. The Federal Emergency Management Agency (FEMA) provides disaster-repair assistance.

Table 22 presents a summary of FY2000 federal funding for these programs, and the portion of total funding that each program devotes to existing home upgrade assistance.  About one-third of federal upgrade assistance is used in rental housing, and two-thirds in owner-occupied housing.  The federal government provided about $2.2 billion in FY2000 for home upgrade assistance in FY2000, and could have provided much more if state and local governments chose to direct more of their total federal funds to this purpose.

Table 22: FY2000 Spending ($ Million) on Assisted Upgrades,

	Federal Program
	Total Federal  Funding
	Upgrade Funding
	Rental
	Owner-Occupied

	OHHLHC
	64
	64
	32
	32

	CDBG
	4,235
	889
	0
	889

	HOME
	1,564
	704
	352
	352

	LIHTC
	374
	116
	116
	0

	HOPE VI
	514
	62
	62
	0

	ESG/HOPWA 
	366
	43
	43
	0

	WAP/LIHEAP
	1,176
	333
	133
	200

	Total Federal Funding
	$8,293
	$2,211
	$770
	$1,473

	Disaster-related (FEMA), State, & Market-Funding
	$610 (E)
	$1,168

	Total Assisted Upgrade Expenditures
	$1,380 (E)
	$2,641


Source: Strategy Implementation for PATH Existing Home Goal (November 2000 draft)

The FY2000 spending data in Table 22 for the LIHEAP program was substantially increased in FY2001, when Congress initially appropriated $1.4 billion for LIHEAP, but the program actually spent about $2.2 billion using leftover funds and emergency appropriations.  States must apply for a waiver to use more than 15% of LIHEAP funds for weatherization, and they can only use 25% for this purpose even with a waiver.   WAP and LIHEAP generally fund the entire cost of weatherization upgrades, but HOME and CDBG often provide a “blended rate” for upgrade loans based on a combination of bank loans, HOME and CDBG funds, and states rehab loans funded with tax-free bonds.  The estimated funds from state and local governments and private loans, plus FEMA disaster-related assistance, are added to total federal funding in Table 22 to estimate the total dollars spent on assisted upgrades.  (The actual amount of FEMA assistance for any single year is determined by the cost of natural disasters in that year.  The estimates in Table 22 reflect FEMA grant data for 1999 and AHS data for all assisted upgrade spending.) 

Where We Are Spending It

Table 23 shows AHS data on the activities funded by federally assisted upgrade spending on owner-occupied homes.  (The AHS does not provide information on rental unit upgrades because these data are based on occupant interviews, and renters are not expected to know about upgrade costs incurred by landlords.) 

Table 23: Expenditures ($ Million) on Owner-Occupied, Assisted Home Upgrades:

Average Annual Amount (1994-1997) by Year of Construction and % by Upgrade Type

	
	Owner-Occupied, Detached, Assisted Units

	
	Pre-1940
	1940-1959
	1960-1979
	1980+
	Total

	Average Annual Spending ($ million)
	$617
	$945
	$816
	$261
	$2641

	Percent of Assisted Upgrade Spending:
	
	
	
	
	

	Disaster required repairs
	11%
	26%
	26%
	17%
	21%

	Added/replaced roof over entire home
	10%
	6%
	8%
	2%
	7%

	Kitchen/Bath Remodel & Room Addition
	46%
	38%
	30%
	40%
	38%

	Siding, pipes, electric, plumbing
	12%
	8%
	9%
	5%
	9%

	Windows and Doors
	6%
	6%
	6%
	5%
	6%

	Insulation, HVAC, hot water
	9%
	6%
	10%
	5%
	8%

	Carpet, paneling, exterior, & other
	6%
	10%
	11%
	26%
	11%

	Total
	100%
	100%
	100%
	100%
	100%


Although 90% of upgrade assistance is spent on pre-1980 homes (at risk for lead paint hazards), window replacement only accounts for 6% of this spending (versus 38% spent for adding rooms and remodeling kitchens and bathrooms).  Window replacement is often the first thing that low-income households ask for when they receive WAP assistance, but the WAP position is that the net benefits from replacing window are not as high as with activities like adding insulation.  This conclusion only reflects energy savings, however, and does not appear to reflect the additional savings from Energy Star windows.  Federal caps on the average amount that WAP can spend per home also discourage the additional cost of window replacement. 
How We Could Do Better: Matching Funds and Regulatory Reform

The EEHH strategy would give state and local governments, non-profits, and individual property owners more incentive to replace windows by establishing a simple set of best-practices for increasing home energy efficiency and permanently eliminating lead paint hazards: A lead-safe home with Energy Star windows.  HUD and DOE should also communicate the additional health and energy benefits of the EEHH retrofit, at little incremental cost, and strongly encourage state and local rehab programs and WAP affiliates to work together as needed to meet the Energy Star standards for home sealing and duct sealing.

An even greater incentive for state and local governments to shift funding to EEHH retrofits would be match funding for this purpose from an Energy Efficient Healthy Home charity.  If assisted households could finance half of the average cost of $10,000 per home, then $2,500 per home in match funding would allow rehab and weatherization programs to fund an EEHH retrofit with another $2,500 from available upgrade assistance funds.  Rehab programs typical expend about $5,000 of assistance per unit, so this financing structure would allow them to upgrade twice as many units with their existing funding sources.   

State and local governments could also advance the EEHH strategy by adopting the HUD model rehabilitation code, which encourages more housing rehabilitation by reducing burdensome and unnecessary housing code requirements.  This model rehab code retains requirements related to health and safety, like electrical wiring codes that reduce fire risks, but removes requirements that make sense for new construction but not for rehab, like raising the height of ceilings and widening stairways.  Local codes that impose new construction standards whenever more than a certain amount is spent on home upgrades are sometimes cited as the explanation for why so much assisted upgrade spending appears to be going to adding rooms and remodeling kitchens and bathrooms.  These local codes force rehab programs to add rooms to reduce the number of occupants per room, and force the remodeling of kitchens and bathrooms to meet current code requirements that are unrelated to basic housing quality or safety.  The HUD model rehab code would remove these obstacles to cost-effective housing rehab, including lead-safe homes with Energy Star windows and EEHH retrofits. 

Although it might require legislative action, eliminating energy assistance restrictions that discourage window replacement could also advance the EEHH strategy.  For example, the WAP limits the average amount spent per home, discouraging the higher cost (and greater efficiency gain) associated with window replacement.  LIHEAP accounts for more than $2 billion in annual federal expenditures, but most of these funds can only be used to assist in paying fuel bills as opposed to weatherization.  The federal government could better advance the central mission of these two programs, and reduce home health hazards, by actively encouraging states to use these funds to support the EEHH strategy.  

Of course, allowing states to spend up to 100% of LIHEAP funds on EEHH retrofits could leave many low-income households without assistance paying their energy bills (the average amount of LIHEAP assistance per household is well below $2,500 per year).  To address this concern, and to encourage additional funding for EEHH retrofits, the limit on LIHEAP funds used for this purpose could be waived only in states where the total number of households served does not decline from prior years.  States would then have an incentive to work with local governments, charities, and community and business leaders to raise the matching funds needed to expand the number of EEHH retrofits without reducing the total number of households assisted.  State and local governments would also have an incentive to shift more of their existing federal funding and tax-free bond capacity to EEHH retrofits from other rehab activities and from new construction and other community development activities.

An Energy Efficient Healthy Home Charity

The outpouring of charitable contributions after the September 11th attacks has illustrated the generosity of the American people when they see a cause that we can all support.  Unfortunately, questions about the distribution of funds to the victims of those attacks has also highlights the risks of soliciting charitable funds without a clear understanding of how those funds are to be used.  An EEHH charity would have an extraordinary appeal for tapping into the generosity of the American people and this charity could also guarantee an extraordinary degree of accountability. An EEHH charity could provide matching funds and/or loan guarantees for upgrades to lead-safe homes with Energy Star windows and EEHH retrofits in low-income homes receiving federal upgrade assistance.  Matching funds would provide a strong incentive for state and local programs to shift more of their federal funding to support this EEHH strategy.  A loan-loss pool to cover the first one of two percent of loan losses would also allow lenders to extend credit to households that might not otherwise meet the credit score requirements of lenders, including the Fannie Mae’s program for utility-sponsored Energy Star upgrade loans.

An EEHH charity could also establish separate funds for upgrade assistance and an administration fund overseen by a board made up of key partners in ongoing research.  This administration fund could also facilitate funding coordination and any related administrative requirements to address federal contracting procedures (that could otherwise create obstacles to cooperative funding).  HUD, Fannie Mae and Freddie Mac, OTAQ, and the NIH could use this mechanism to cover the cost of EEHH inspections, database management and related ongoing research, and regular financial and performance reports.  If the administration fund covered these costs then the EEHH charity could also promise other donors that all contributions to upgrade funds would go directly to low-income households eligible for federal assistance.  With at least half of the cost of each retrofit self-funded through lower fuel bills, and EEHH upgrade funds matched by other existing federal assistance for home upgrades, donors to the EEHH charity would also know that they were funding $4 in upgrades for every one dollar donated.  

A further incentive for local fund-raising campaigns could be created by establishing separate upgrade funds for each participating utility, allowing donors to ensure that their donations would fund upgrades in their own community.  At the same time, the board of the administration fund would ensure the integrity of all the EEHH charity funds and document how donations to each upgrade fund, and any accrued interest, are devoted exclusively to upgrades for low-income households.  Utilities establishing separate upgrade funds for their service area could integrate this charitable appeal with low-income energy assistance appeals that are often mailed out with utility bills.  These utilities could also gain access to the EEHH database for their service area by paying part of the cost of EEHH inspections in their service area.  The administration fund could also provide regular summary reports for each utility, that donors could access through utility web sites, showing the number of area homes receiving assistance through the utility’s upgrade fund.  Ongoing research would also allow donors to see the magnitude of their impact in reducing energy demand and associated air emissions, childhood lead exposure, allergens and asthma, CO poisoning, and residential fires.

Other Potential EEHH Strategy Partners

In addition to soliciting individual (and corporate) donations, the EEHH Charity would also provide a mechanism for funding assistance from the following potential institutional partners: 

· Fannie Mae Foundation: This foundation, created by Fannie Mae in 1979, makes charitable contributions and works with a variety of government agencies, nonprofits, neighborhood leaders, schools, and faith-based institutions to implement community revitalization plans and local efforts to improve affordable housing options for low-income families.  The Fannie Mae Foundation has a long history of supporting efforts to eliminate lead paint hazards, providing the initial funding for the National Center for Lead-Safe Housing in 1992. 

· Freddie Mac Foundation: This foundation, created by Freddie Mac in 1991, also provides funding for the National Center for Lead Safe Housing.  The funding priorities for the Freddie Mac Foundation include promoting the healthy development of young children through programs that can verify outcomes related to developmental growth and increased numbers of children meeting age-appropriate learning goals as defined by agreed upon early childhood education curriculum.  The EEHH retrofit could provide outcome documentation for reductions in lead hazards, fire and CO poisoning hazards, and asthma hazards related to dust mite, cockroach, and mildew allergens.

· Housing and Economic Development Nonprofits: The Enterprise Foundation, a national housing and economic development organization working through more than 1,500 community-based non-profits has already expressed an interest in helping to create an EEHH Charity.  Habitat for Humanity, the National Center for Lead Safe Housing and other housing and economic development nonprofits could also be asked to participate in this effort.

· Utilities, State Utility Commissions, and State and Local Governments: The WAP and HUD rehab programs often leverage federal funds with contributions from utilities and state and local government funds.  In recent years, several states have increased funding for programs to encourage energy efficiency, with California alone preparing to spend almost $1 billion per year.  The EEHH strategy would give state and local governments, utilities and state utility commissions (and other corporate, foundation, non-profit, and individual donors) a simple way to leverage their contributions with existing federal funding for home upgrade assistance.  The EEHH strategy would also allow utilities and state and local governments to better coordinate their energy assistance programs for low-income households and energy efficiency incentives and promotions for middle and upper-income households, by promoting the same Energy Star upgrades in both market segments.

· In-Kind Donations: Habitat for Humanity often receives donations of building materials from the housing industry to support its efforts to build low-income housing.  A similar model could be pursued with private partners in an EEHH strategy to reduce costs for low-income households, while also supporting ongoing research that would provide valuable marketing support for those partners in promoting EEHH retrofits among middle and upper-income households.  Key private sector partners with a substantial financial interest in supporting the EEHH strategy through in-kind donations or through bulk purchase at discounted prices for low-income households receiving federal assistance could include:

· The Efficient Windows Collaborative (EWC): The EWC is an Alliance to Save Energy coalition of window manufacturers, government agencies, and research organizations that promotes the benefits of Energy Star windows.  Window replacement would account for about two-thirds of the total cost for an EEHH Retrofit, and ongoing documentation of the energy savings, health hazard reduction, and market value benefits of the EEHH retrofit would enhance consumer awareness of window replacement benefits and increase demand for Energy Star windows.  The effort to rapidly shift more federal upgrade assistance to fund lead safe homes with Energy Star windows, with match funding from other sources, would also create an immediate increase in demand for Energy Star windows.  

· Aeroseal holds an exclusive license to a duct sealing technology invented in 1994, began to license their technology in January 1999, and has already trained and certified over 50 HVAC contractors throughout the United States and Canada.  Their computerized system involves an injection machine that blows small dry adhesive particles into the duct system, after HVAC equipment and registers are blocked off with foam plugs.  The forced airstream can only exit the ducts through cracks, holes and leaks, and the adhesive particles stick to the edge of the leak and build a seal up to 5/8 inch wide without leaving excess deposits on interior duct surfaces.  The computer program also tests ducts for leakage, room air flow problems, combustion safety, air temperature and return air performance, and controls the machine during sealing and tracks and documents the process in every house.  Aeroseal technology demonstration projects have been performed for many major utilities, and this firm is a key partner in the new Energy Star Duct Sealing program.  The Aeroseal process as part of an EEHH retrofit would also remove allergen and lead dust hazards from duct work before cleanup and clearance, and eliminate this potential source of dust hazards reentering the home.  Pressure safety tests incorporated into the duct sealing process also uncover potential safety problems associated with backdrafting of carbon monoxide gas from furnaces, water heaters or fireplaces inside the living space.

· EnergyCheckup has developed the proprietary Home Energy Rating System and associated database to deliver and track streamlined residential energy audits that would be the model for the EEHH Inspection.
· Bissell manufactures deep-cleaning machines, vacuums, steam cleaners and sweepers for carpets, hard floors and upholstery, and specifically promotes the allergen reduction benefits of its products, including its FILTRETE Filter.  Like HEPA vacuum filters used for specialized cleanup for lead dust, the Bissell FILTRETE Filter is designed to be very efficient at removing small particles, but Bissell claims that the FILTRETE filter does not have the HEPA limitation of being very restrictive to airflow.  The company claims that this gives the FILTRETE filter a significant advantage in suction performance.  Bissell and any company making similar products would also have a strong financial interest in supporting the EEHH strategy to provide ongoing research documentation of the health hazard reduction achieved with their products.

· Health and Children’s Welfare Organizations, Foundations, and Charities: The EEHH strategy would also give other foundation, non-profit, and corporate donors a simple way to leverage their contributions to achieve health and children’s welfare goals.  For example, the California Children and Families Commission (CCFC) is collecting $650 million per year as the agency charged with administering Proposition 10, which established a 50-cent-per-pack tax on cigarettes to fund early childhood development programs.  The CCFC mission statement begins with: “Current research in brain development clearly indicates that the emotional, physical and intellectual environment that a child is exposed to in the early years of life has a profound impact on how the brain is organized.”  The profoundly negative impact of lead exposure on early brain development is the most extensively researched and documented evidence supporting this mission statement.  Other children’s health benefits of the EEHH initiative, including asthma intervention and research, and school readiness for young children, are also CCFC priorities. Other health and children’s welfare organizations, foundations, and charities across the nation could also be encouraged to partner with their local utilities in the EEHH strategy.

