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Abstract:  This report has been prepared for Lawrence Berkeley National Lab and the 
Department of Energy as the deliverable for Task Four of the FY2009 FAS Scope of Work, 
which tasked FAS with developing “industry friendly” metrics for high performance 
affordable housing and creating a means for visually representing those metrics. 

This report defines high performance housing as that which meets specific performance 
benchmarks or criteria in each of several attributes.  A high performance house must be: cost 
effective, sustainable, safe/secure, productive, functional/operational, accessible, and take 
occupancy, historical preservation and aesthetics into account in its design, construction, and 
operation.  This report summarizes the best available standards and metrics, makes 
recommendations on how performance should be defined and measured for each attribute, 
and offers suggestions on high performance benchmarks for each attribute.  In addition, as 
the goal of this report is to provide a starting point for discussion during the metrics creation 
process that must follow, this report contains recommendations on the development process 
and resulting metrics.          
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Introduction and Background 
As residential energy prices have risen over the past several years, the monetary resources of many 
homeowners have been further stretched.  This is especially true among low income families, for whom 
utility bills constitute on average 16% of their income, as compared to a median of 4-5% nationwide—a 
fact due not only to lower income, but to the energy inefficient nature of much of our nation’s older 
housing stock.1

Since 2005, the importance of indoor air quality and limiting interior toxic materials has received 
renewed attention due to the presence of formaldehyde in the Hurricane Katrina relief trailers and the 
subsequent health problems of occupants.  This collection of issues—unhealthy housing, the threat of 
climate change and need to reduce carbon emissions, and the high cost of utilities for low income 
families must be dealt with rapidly.  The solution to these problems is to create a housing stock that is 
safer, more efficient, comfortable, and useful for its inhabitants.  In short, the solution is to build new 
houses and retrofit existing houses to be higher performing in terms of safety, sustainability, and utility.    

   Simultaneously, a growing national consensus has emerged around the need to 
mitigate the effects of climate change by reducing the nation’s energy use.  As the building sector 
accounts for 40% of this energy use, to substantially reduce energy use a signification portion of 
consumption cuts must come from residential and commercial buildings.   

 

High Performance Building Legislation and Policy 
In 2005 Congress first recognized this need for high performance housing and for a set of standards to 
define what high performance housing means.   This first attempt at addressing high performance 
housing in the Energy Policy Act of 2005 (EPAct) defines high performance building as that which 
“integrates and optimizes all major high-performance building attributes, including energy efficiency, 
durability, lifecycle performance, and occupant productivity.”2

In 2007, the Energy Independence and Security Act (EISA) reiterated the need to develop a high 
performance building standard and revised the legislated definition. According to EISA, a high 
performance building is redefined as one that “integrates and optimizes on a life cycle basis all major 
high performance attributes, including energy conservation, environment, safety, security, durability, 

 EPAct also notes that in the future, 
buildings should continue to comprehensively integrate the best available, arguably cost effective 
building technologies to advance the state of high performance building. 

                                                           
1 The average age of a residential building in the U.S. in 2007 was 32 years.  In 1975 when the average house was 
built, buildings were frequently constructed with no or minimal insulation, single pane windows, and poor air 
sealing.   
Census Bureau, “Frequently Asked Questions,” American Housing Survey, 
http://www.census.gov/hhes/www/housing/ahs/ahsfaq.html (accessed December 17, 2009). 
Department of Energy, “Reducing the Burden on Needy Families,” (July 25, 2008), 
http://apps1.eere.energy.gov/weatherization/reducing.cfm (accessed December 17, 2009).   
2 109th U.S. Congress, Energy Policy Act of 2005, (August 8, 2005) 
http://www.doi.gov/iepa/EnergyPolicyActof2005.pdf (accessed December 17, 2009). 

http://www.census.gov/hhes/www/housing/ahs/ahsfaq.html�
http://apps1.eere.energy.gov/weatherization/reducing.cfm�
http://www.doi.gov/iepa/EnergyPolicyActof2005.pdf�
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accessibility, cost-benefit, productivity, sustainability, functionality, and operational considerations.”3 
These “performance attributes” were conceived by the National Institute of Building Sciences (NIBS) for 
the Whole Building Design Guide, a resource created to promote high performance building by applying 
an integrated approach to design, planning, and construction.  While EPAct focused primarily on a 
building’s energy efficiency and environmental impact, the definition and attributes recommended by 
NIBS is based on a more comprehensive understanding of the high performance concept, which takes 
into account occupant needs and quality of life.4

Also in 2007, NIBS formed the “High Performance Building Council” to assess all current building 
standards and suggest to the US Congress and Department of Energy (DOE) tactics to accelerate the 
development of a high performance building standard.  Based on this work, in 2008 NIBS published the 
Assessment to the US Congress and US Department of Energy on High Performance Buildings, a report 
commissioned by Congress to define each of the eight performance attributes identified in the Whole 
Building Design Guide and EISA 2007.  However, the project was underfunded by Congress so the 
resulting report was limited in scope.  Failing to even assess all current building standards, let alone 
clearly define high performance standards and metrics, the report’s conclusions were limited to 
reiterating the need for a “performance metric” and “verification method” to be developed for every 
attribute.  (For a detailed analysis of the “Assessment” and policy recommendations, see Appendix 1.)  
While there has been some minimal progress by the High Performance Building Council since 2007 in 
defining high performance building and setting high performance standards, the United States still lacks 
a definitive set of underlying performance metrics.      

    

 

Developing Residential High Performance Metrics 
To create a stock of highly performing houses it is necessary to specifically define the attributes of a high 
performance building.  These definitions require a performance metric or set of metrics and 
corresponding verification method for each performance attribute.  As such, the federal government 
must take the lead in developing these underlying metrics with the participation of private organizations 
and corporations.  Doing so will enable houses to be compared and benchmarked against a nationwide 
standard.  This capability will benefit builders, policymakers, home buyers, and other building industry 
stakeholders by providing federal guidance on what a high performance house is and is not.  In turn, this 
will likely strengthen the market for high performance housing just as the Energy Star standards and 
labeling has strengthened the market for energy efficient appliances, windows, and lighting.   

To be useful, the developed metrics must be easily understood and applied by all stakeholders.  
Wherever possible, metrics should be quantifiable and based upon a comprehensive understanding of 
an attribute’s safety, technical feasibility, and performance.   Though developing comprehensive 
underlying metrics for a given attribute may require extensive modeling and analysis, developing these 
                                                           
3 110th U.S. Congress, Energy Independence and Security Act of 2007, (January 4, 2007). 
http://frwebgate.access.gpo.gov/cgi-bin/getdoc.cgi?dbname=110_cong_bills&docid=f:h6enr.txt.pdf (accessed 
January 29, 2009). 
4 National Institute of Building Sciences, Assessment to the US Congress and US Department of Energy on High 
Performance Buildings, (2008) http://www.wbdg.org/pdfs/hpb_report.pdf (accessed December 1, 2009).  

http://frwebgate.access.gpo.gov/cgi-bin/getdoc.cgi?dbname=110_cong_bills&docid=f:h6enr.txt.pdf�
http://www.wbdg.org/pdfs/hpb_report.pdf�
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metrics allows performance standards and benchmarks to be created for residential construction that 
are predictably high performing, yet still feasible and cost effective.   

Performance based standards are preferable to prescriptive standards because, unlike prescriptive 
standards, which dictate specific materials and construction practices, performance standards allow for 
innovation and flexibility.  So long as the performance benchmark is met and the underlying metrics and 
equations satisfied, building professionals are able to use non-standard building products, plans, and 
techniques, a necessity to advance and improve the state of high performance building in the future.   

Where mathematically based metrics cannot be created because the attribute is innately subjective, it is 
still necessary to create a baseline measure of high performance in order to define what high 
performance means now and in the future.  Historical preservation and aesthetics, for example, cannot 
be measured, but standards for performance can still be created that benchmark minimum and high 
performance.  It is necessary to set standards for qualitative attributes because only by understanding 
and benchmarking current performance can the tightening and improvement of those standards and 
targets occur in the future.  (For an in-depth discussion of the necessity of quantifiable and comparable 
metrics, see Appendix 2.) 

When developing any metric, it is important to note that construction is highly interconnected and  by 
extension, a building’s performance attributes are similarly interconnected; for example, energy use 
affects not only a home’s sustainability, but also its cost effectiveness and productivity.  Because of this 
inherent interconnectivity, designing high performance housing requires integrating the process and 
allowing all stakeholders, including: architects, engineers, building professionals, building industry labor 
representatives, interior designers, code officials, and local planning officials to have input and to link 
their work with that being done by other stakeholders.   

This principle of design interconnectivity or whole building design is the foundational principle of the 
NIBS Whole Building Design Guide and is essential to high performance building.   Whole building design 
enables all homeowner uses and needs and all construction steps and practices to be accounted for and 
integrated into the original building design, thereby lowering costs, streamlining and eliminating waste 
in the planning and construction process, and producing a more useful and functional structure.  
Because of the necessity of an interconnected design and construction process to creating high 
performance buildings, the process of creating metrics to measure high performance is also highly 
interconnected.  For each qualitative and quantitative attribute, multiple professions, industry groups, 
and associations have a legitimate stake in how the metric is created and implemented.  And by working 
with these teams of stakeholders, the resulting metrics will have both better express whole building 
design and construction principles and have greater legitimacy within the building community.          

This stakeholder partnership is especially important in cases where minimum standards and codes are 
set by private code development organizations or where a qualitative standard must be created.  In 
these cases the private code development organizations, such as the International Code Council (ICC) 
and American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE), develop codes 
through an American National Standards Institute (ANSI) approved consensus process that draws 
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contributions from member stakeholders.  Key stakeholders in the development process include: labor, 
industry, trade representatives, building scientists, and representatives of other key industry groups.    

As products of consensus among such a diverse membership, the codes developed by these 
organizations tend to be cautious in areas such as accepting new technologies and pushing energy 
efficiency.  To override this caution and create a truly high performing set of standards and codes, it may 
be necessary for the government to partner with the code organization in developing, disseminating, 
and passing legislation in support of better, stronger codes and standards.   

Likewise, setting qualitative standards requires greater stakeholder partnership as the standards are not 
based upon an underlying set of mathematical assumptions, models, or technical specifications, but 
upon the knowledge of a variety of subject matter experts.  And for a qualitative standard to be 
comprehensive and widely accepted, the opinions of all expert stakeholders must be included in the 
underlying assumptions and consensus.   

Thus far, the federal government’s vision of high performance housing has been limited to the attributes 
that reflect the asset rating of the house.  All eight attributes mentioned in EISA 2007 reflect the house’s 
performance without any occupants; however, occupant behavior has a substantial effect upon the 
actual performance of the house.  Most studies of housing and energy performance to date, especially 
including DOE’s Residential Energy Consumption Survey, provide a good overview of household 
characteristics and energy use, but do not correlate energy consumption with the asset rating of the 
house and provide little or no data on the effect of occupation on the actual performance of a house.5

In the following report, the Federation of American Scientists will analyze existing metrics and standards 
and identify the best available, where possible.  Where there are existing high performance metrics 
available, FAS will suggest any necessary revisions to these and outline a standard based upon those 
metrics.  In cases where quantitative measurement of the attribute is not possible, but qualitative codes, 
standards, and legislation exist, the best high performance codes and standards will be identified and, 
where necessary, amended.  In cases where quantitative measure is not possible and no adequate code 
exists, this report will lay out specific steps and guidelines toward creating a useful, feasible, and 
justifiable qualitative performance standard. The category of quantifiable attributes will be considered 
include:  cost effective, sustainable, safe/secure, and occupation.  The category of non-quantifiable 
attributes will be considered to include:  productive, functional/operational, accessible, and historical 
preservation and aesthetics. 

 
And even the highest performing house in asset rating, if operated in a sub-optimal manner, can use 
huge amounts of energy and water, contain poor quality air, and hurt the productivity and comfort of 
the occupants.  And so to create a metric that accurately portrays how a house will perform once 
inhabited, it is necessary to create an occupation metric that accounts for the difference between the 
modeled performance and actual operational performance of the house.        

                                                           
5 Energy Information Administration, Residential Energy Consumption Survey, (2005) 
http://www.eia.doe.gov/emeu/recs/contents.html (accessed December 17, 2009). 

http://www.eia.doe.gov/emeu/recs/contents.html�
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Quantifiable Attributes: 

Cost Effective 
High performing houses must above all be affordable, an attribute best quantified by measuring the cost 
effectiveness of the house and all its components.  This is necessary because without affordability and 
cost effectiveness measures, high performance housing will fail to penetrate the mainstream market 
and the affordable housing markets, creating a disparity between those who can afford a high 
performing house and those whose house is less safe, less healthy, less sustainable, and more expensive 
to operate.  Moreover, through market penetration and scaling up of high performance building 
components, advanced technologies and materials that are currently not cost effective will likely 
become so in the future, thus allowing for the use of these better performing components.  

In each attribute measured, improving performance must be balanced by a consideration of cost 
effectiveness and where a particular improvement is shown to not be cost effective, a cost effective 
measure must be substituted.  Cost effectiveness calculations must be made by first considering the cost 
effectiveness of each component, then of the house as a whole.  In making this determination a 
reasonable payback period of no more than 10 years should be input into the calculation, unless the 
increased cost of improvements is rolled into the mortgage or a long term, low-interest loan.  When 
rolled into a loan, the cost effective payback period should never be longer than the term of the loan or, 
in the case of a mortgage, longer than the term of a typical 30-year mortgage.  It should be noted that 
creating comprehensive cost effectiveness metrics is not a simple task because each quantifiable 
attribute will need a separate toolkit. 

The best example of a cost effectiveness tool is the BeOpt toolkit, an open source computer program 
designed by the National Renewable Energy Laboratory (NREL) that calculates the most cost effective 
building design and energy efficiency packages that meet a given energy efficiency target (with the 
default being zero-net energy).  At present, the energy modeling in BeOpt is imperfect and the program 
is unable to simulate the effects upon energy use of all building materials and technologies on the 
market, but BeOpt is the most accurate and comprehensive tool available.  Moreover, NREL receives 
relatively steady federal funding for software development and updates, and so the software will 
continue to improve in both usability and functionality.  The primary advantage of this toolkit is its 
ability to determine the optimal energy use and efficiency for a specific building, as well as numerous 
near optimal paths based on different design, technology, and materials options.  For the purpose of 
relating energy and cost, optimal energy use is defined as the point (or points) where the maximum 
energy efficiency is achieved without increasing the annual cost of a house, which is calculated as the 
sum of the mortgage payment and utility bills (assuming that the mortgage payments follow the 
payback schedule for the full course of the mortgage).  

To effectively determine cost effectiveness and optimal energy use, the determination must take place 
during the design phase, before construction commences.  In doing so, materials and technology 
decisions can be made in the most efficient manner possible and they can be fully integrated into the 
whole house design.   As such, FAS recommends performing the optimization calculations during the 
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design phase of construction and optimizing energy by utilizing the BeOpt toolkit.  Further, FAS 
recommends requiring that the BeOpt optimization recommendations be followed for a house to be 
considered cost efficient in terms of energy use.  For the remaining components of sustainability, no 
toolkit comparable to BeOpt exists and the first step should be for an appropriate government agency 
(such as the EPA) or national lab to develop similar toolkits, which are then maintained, improved, and 
housed at that agency or lab.  For the purposes of measuring water efficiency and materials 
sustainability, especially, the creation of a comparable toolkit is both necessary and possible because in 
both cases there exist numerous high performance components that can be packaged, substituted, and 
compared to optimize efficiency and meet a desired sustainability goal. 
 

Sustainable 
Improved energy efficiency and environmental conservation are not only the first two high performance 
attributes mentioned in ESIS and EPAct, they are also key themes throughout both pieces of legislation.  
As evidenced by these Congressional acts, sustainability is essential to high performance because 
without this attribute the US cannot create a housing stock that has less environmental impact, is more 
affordable to operate, and is healthier to live in.  This requires considering multiple components of 
sustainability, including:  energy, water, materials, location, and occupancy.  For each of these four 
categories of sustainability FAS has identified benchmark metrics by which to measure housing 
performance.  Or, where not possible to identify a specific metric, recommendations have been made 
regarding the steps and tools necessary to develop a mathematically and technologically sound 
methodology for assessing building-level sustainability. 
 

Energy 
In 2008 the residential housing sector consumed over 22 trillion BTUs of energy, which accounts for 
approximately 20% of all energy use in the US.6

                                                           
6 Department of Energy, Buildings Energy Data Book, (October 2009) 

  Much of this residential energy use is wasted by 
inefficient appliances and fixtures, leaky windows and doors, and uninsulated or underinsulated building 
envelopes.  By increasing the energy efficiency of both new and existing homes the US has the potential 
to save billions of dollars on utility bills, trillions of BTUs of energy, and create a higher performing, more 
comfortable housing stock.  However, the full potential of energy efficient new construction and 
retrofits cannot be realized without a standard measure by which to judge the efficiency of a building; 
fortunately, this standard scale already exists in the form of the Home Energy Rating System (HERS) 
Index, created by the Residential Energy Services Network (RESNET).  On this Index the HERS Reference 
Home, being a house built to the 2006 International Energy Conservation Code (IECC), is assigned a score 
of 100 and a net-zero energy house a score of 0.  This index can be utilized to standardize the 
measurement of relative energy efficiency of standards, codes, and benchmarks, enabling an accurate 
analysis of which energy efficiency programs and measures are truly the highest performing.   

http://buildingsdatabook.eere.energy.gov/ 
(accessed December 1, 2009). 

http://buildingsdatabook.eere.energy.gov/�
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The minimum HERS rating required for a building to be certified by different high performance building 
programs is as follows: 

• Energy Star in IECC climate zones 1-5 must rate an 85 or lower; 

• Energy Star in IECC climate zones 6-8 must rate an 80 or lower; 

• Energy Star Pacific Northwest in Oregon and Washington rates from 75-85;7

• The Department of Energy Builders Challenge must rate a 70 or lower; 

  

• LEED must rate a 40-70 depending upon the level of certification; 

• The National Association of Home Builders (NAHB) Green Standard must rate a 60-100 
depending upon level of certification. 

FAS recommends setting the Builders Challenge benchmark of 70 as the high performance benchmark 
for energy efficiency because it has been proven feasible and cost effective using affordable, easily 
available methods and technologies.  While not the program with the most stringent energy efficiency 
target, meeting a score better than 70 generally requires utilizing advanced technologies that are not 
proven to be cost effective or that have high upfront costs—not ideal or feasible for the affordable 
housing market.  As such, at this time, setting a benchmark at a HERS score of 70 balances the need for a 
high performance house to be energy efficient and cost effective.  In the future, as the state of the 
building industry develops, it will be necessary to tighten the benchmark as lower HERS scores become 
cost effective and FAS recommends readjusting the benchmark to align with the Builders Challenge 
Program goal, which seeks to be cost effective at the net-zero energy benchmark by 2020.      
 

Water 
As with energy efficiency, it is necessary to calculate the water efficiency of a house in terms of its 
relative asset rating, which includes fixtures, appliances, and leakage rates relative to similar houses.  At 
present, the best existing model for measuring the water efficiency of a building is Version 1.0 of the 
National Water Savings analysis model created for the EPA WaterSense program. The EPA WaterSense 
program is a prescriptive water efficiency certification program with a goal of reducing interior water 
use by 20% over a standard house and exterior landscaping water use by 30%.8

                                                           
7 Energy Star Northwest follows a prescriptive path designed to be 15% more efficient than the Oregon State 2008 
Residential Specialty Code on Energy Efficiency (Chapter 11).  Early Remrate modeling of a house built exactly to 
the prescriptive standard (for both gas and electric) yields HERS score in the range of 75-85 range. Energy Star,  

  The model calculates 
water efficiency in terms of end-use water consumption (EUWH) and the number of fixtures and 
appliances for each end-use, adjusting the use for variables such as the age and size of the house, 
number of occupants, and household income.   The baseline water usage is derived from the Residential 

Range calculated from REMRATE Reports provided by Shaun Hassel of Advanced Energy. 
Northwest Energy Star, “Single Family Homes-Oregon,” Northwest Energy Star Homes Requirements, (June 2008)  
http://www.northwestenergystar.com/downloads/OR_2009_BOP.pdf  (accessed December 17, 2009).  
8 The outdoor water use calculation is derived from the Landscape Water Allowance calculator, which estimates 
water savings per square foot compared to a standard turf grass lawn in a particular climate.  
Environmental Protection Agency, “Revised WaterSense Water Budget Approach,” (May 8, 2009) 
http://www.epa.gov/watersense/docs/home_waterbudget508.pdf (accessed December 17, 2009).     

http://www.northwestenergystar.com/downloads/OR_2009_BOP.pdf�
http://www.epa.gov/watersense/docs/home_waterbudget508.pdf�
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End Uses of Water (REUWS) report by the American Water Works Association Research Foundation, 
which sets 1998 as the base year for water consumption.9

From this model, a metric similar to the HERS Index can be created, placing the 1998 water consumption 
baseline standard at 100 and a zero-water house at 0 (with 0 being defined as the point where the 
house has no interior water waste, reuses all interior water, uses no more water that a set maximum 
volume, and uses no exterior water except that which can be collected from precipitation).

  

10

At present, for a house to be become WaterSense certified it must achieve a 20% savings, which would 
be equivalent to an Index score of 80.  Water efficiency feasibility and cost effectiveness studies show 
this 20% to be a conservative goal that lies well within the normal range of cost effective 
improvements.

  By utilizing 
the same scale and end goal as the HERS Index, wherein the scale is 0-100 and lower is better, this 
“Residential Water Efficiency Index,” is less likely to encounter barriers to understanding and adoption 
by those involved in the residential building industry and residential water market.         

11   Water conservation recommendations from the Pacific Institute for California and the 
BASIX program in New South Wales, Australia set a conservation goal of a 40% reduction in overall 
water usage; however, this 40% goal (an Index score of 60) has yet to be proven cost effective and 
requires both active homeowner water conservation and large scale water collection, storage, and 
filtering measures.  Based on this data, FAS recommends setting a benchmark of 30% water savings for 
both the interior and exterior—an Index score of 70.  This indoor water benchmark optimizes water 
efficiency by being both higher performing than the existing WaterSense benchmark and technologically 
feasible with existing, inexpensive, water conservation and water loss prevention measures.12

For multiunit residential housing, measuring water consumption and creating a usable metric requires 
taking indoor water use measurements on a per unit basis by metering each unit, rather than measuring 
the residential building or complex as a whole.   Additionally, acquiring useful measurements requires a 

  In 
addition, the 30% exterior water savings goal must take into account the differing climates and 
precipitation throughout the country as well as the differing watering needs of turfgrass lawns in these 
different climates. 

                                                           
9 Michael McNeil et. al., WaterSenseProgram: Methodology for National Water Savings Analysis Model Indoor 
Residential Water Use, (Berkeley:  Lawrence Berkeley National Lab, 2008) 
http://escholarship.org/uc/item/1qw7n2nh (accessed December 17, 2009). 
10 While the HERS scale measures net energy efficiency, which is calculated in terms of the annual net energy flow, 
the Residential Water Efficiency Index would measure exterior water efficiency and use and interior water 
efficiency.  Note that as water cannot be sent from the home directly to the community water supply as this water 
(even if treated) is considered graywater and  not fit for human consumption, there can be no measurable net 
water flow.  As such, in most climates achieving a 0 rating is not technologically feasible as at a minimum, water for 
human consumption would need to be brought in.     
11 For example: The Pacific Institute, Waste Not, Want Not: The Potential for Urban Water Conservation in 
California, (2003)  http://www.pacinst.org/reports/urban_usage/index.htm (accessed December 1, 2009). 
12 Simply following all of the prescriptive measures in the WaterSense program and the basic water conservation 
and technology adoption measures recommended by the Pacific Institute will yield a water savings of at least 30%, 
a figure that the Pacific Institute’s estimates to be cost effective, being less expensive on both an individual and 
societal level that acquiring new sources of water or developing advanced water remediation technologies over 
the next 20 years.   

http://escholarship.org/uc/item/1qw7n2nh�
http://www.pacinst.org/reports/urban_usage/index.htm�
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form of water “smart metering” to determine how each unit uses water.  Without this knowledge there 
is no mechanism for acquiring reliable data on how residents use water, benchmarking water usage, or 
incentivizing water efficiency and water efficiency upgrades. 

Materials and Resources 
The third quantifiable element of the sustainability attribute is materials and resources.  Key 
considerations of materials sustainability are minimizing building waste, increasing the amount of 
recyclable or easily renewable materials used, and reducing the volume of building materials used— 
especially in the case of materials with a high embodied energy or high content of unhealthy or 
environmentally damaging chemicals or materials.  Embodied energy consists of all the energy inherent 
in a raw input, expended in acquiring the raw inputs, and expended in processing those inputs into a 
finished product.  As such, it is frequently used as a parallel measure of the carbon emitted in creating a 
product, which is a highly useful calculation, assuming the larger sustainability goal is to quantify carbon 
output for the purpose of reducing that output.  However, the embodied energy calculation stops when 
the finished product leaves the manufacturing plant and does not consider the energy expended in 
transportation and disposal or the life expectancy of that product.  To understand the full energy, and 
therefore carbon, cost of a material one must perform a lifecycle analysis to account for all energy use 
from acquiring the raw material until its disposal or reuse at the end of its useful life.   And when the 
lifecycle analysis of each of a building’s materials is multiplied by the volume of that material and then 
aggregated with the total of every other material’s lifecycle energy cost, the result is a building’s total 
lifecycle energy cost.  This sum allows that building to be compared with other similar buildings through 
a quantifiable and standardized means.   

Currently there are numerous tools available to determine the embodied energy of each of dozens of 
building materials, such as concrete, metals, and biological materials from different sources (i.e. lumber, 
oriented strand board, and straw); when multiplied by the volume of material used, these tools yield 
data on the embodied energy of the material as it left the source site or manufacturing plant.  However, 
these tools lack the capability to measure the factors necessary to create a full lifecycle analysis. 

As such, a web-based tool is needed that analyzes energy costs of building materials over the full life of 
the material.  Additionally, users should be able to easily manipulate variables such as location of the 
construction site and building methods used (to determine waste) so that a full lifecycle energy analysis 
can be carried out and actual energy use determined.  At the individual building level, this functionality 
will allow users to compare the relative sustainability of different materials and make more sustainable 
and energy efficient materials decisions.  On a broader scale, this tool will allow for comparisons 
between different houses by means of a relative embodied energy metric and corresponding 
benchmark.  The metric will require complex modeling to determine the lifecycle energy use of building 
materials not only separately, but in combination with other materials and in different conditions.  FAS 
recommends that this online tool be developed immediately and that it be housed, maintained, and 
operated by DOE or one of the national labs as an open-source software application that is accessible to 
those in the building community and to consumers seeking to make informed decisions.        
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Location 
The final aspect of the sustainability attribute is location efficiency.  At present the vast majority of 
houses built in the US require residents to drive a car to access essential services and goods, to 
commute to work, and to seek entertainment.  This statement is given credence by the fact that in the 
first six months of 2008 less than 10% of the US population took some form of public transportation on 
any given day, despite the cost of regular unleaded gasoline being on average $3.41, the highest average 
gasoline price (in both real and nominal terms) in over 30 years.13

The Center for Neighborhood Technology has created one method for calculating location efficiency, 
referred to as the Housing and Transportation Affordability Index (H+T Index).  This index calculates 
transportation as a product of auto ownership, auto use, and public transit, and household income and 
size.

  Locational high performance consists 
of building the house on a site with easy access to reliable public transportation and with access to 
essential services by walking or biking in designated spaces (such as sidewalks and designated bike 
lanes).  Location efficiency has the potential to dramatically decrease the miles driven by residents, 
thereby decreasing energy use and carbon output, reduce traffic during peak periods, and save the 
residents money.   

14

                                                           
13 For the first six months of 2008, daily ridership averaged 30.3 million people for all forms of public 
transportation, including rail, bus, van, and ferryboat.  The U.S. population during this period is estimated to have 
been over 304 million.   

  The inputs are derived census data, the 2001 National Household Travel Survey (NHTS), and the 
1995 Transit Connectivity Index. For the purpose of the Affordability Index, the transportation cost is 
then added to the housing cost, and together the two define the relative affordability of a neighborhood 
or site for a particular family at their specific income level.  For the purpose of using these data to 
calculate location efficiency, houses would only meet the location efficiency benchmark at a point 
where the transportation costs account for no more than 15% of the median income for that particular 
census block.  The benefits to defining location efficiency through the formula in this Index are that it 
relies on publically available data, the data easily interface with interactive maps, and the data and 
corresponding maps already exist for 55 metropolitan areas and are projected to be expanded in 2010 
to 337 metropolitan areas that collectively account for 80% of the US population.  The disadvantage to 
this method lies in that because the emphasis of the Index is the monetary cost of transportation to the 
resident, public transportation costs are factored into total transportation costs in the same way that 
expenditures on cars would be considered.  To be truly useful in measuring location efficiency as an 

Department of Transportation, Bureau of Transportation Statistics, Transportation Statistics Annual Report, 
(Washington, DC: 2008) 107.  
Census Bureau, “Population Finder: United States,” 
http://factfinder.census.gov/servlet/SAFFPopulation?_submenuId=population_0&_sse=on  (accessed December 
17, 2009).  
Energy Information Administration, “Retail Gasoline Historical Prices,” 
http://www.eia.doe.gov/oil_gas/petroleum/data_publications/wrgp/mogas_history.html (accessed December 17, 
2009).  
14 Center for Transit Oriented Development and Center for Neighborhood Technology, “The Affordability Index: 
A New Tool for Measuring the True Affordability of a Housing Choice,” Market Innovation Brief, (Washington, DC: 
The Brookings Institution, January 2006) http://www.cnt.org/repository/AffordabilityIndexBrief.pdf (accessed 
December 17, 2009).  
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attribute of sustainability, the method of inserting public transportation costs into the equation would 
need to be reconsidered.  In addition, factors such as walkability, bikeability, and proximity to essential 
services and jobs must necessarily be inserted into the calculation to create a picture of location 
efficiency that accurately portrays not just the monetary costs of a particular location, but 
environmental costs as well.  

An alternative to this method of calculating location efficiency is the location efficient value, a factor 
currently used in calculating Location Efficient Mortgages.15

[(Principal + Interest + Taxes + Insurance) - LEV]/Income. 

  The Location Efficient Value (LEV), a factor 
of the Location Efficient Mortgage calculation, is the best method by which to define and determine 
location efficiency.  The Location Efficient Mortgage is calculated as:    

In this equation the LEV is a function of neighborhood (referred to as the zone) and transport choice.  To 
derive the LEV function, the calculation takes into account the expected annual travel demand per 
household and the expected automobile ownership of households in the immediate vicinity of the 
proposed purchase;16

To provide an example of how the LEV factors into the location efficient mortgage, the median 
household income in the US in 2007 was $50,233.  For a family of 4 with a median income looking to 
purchase a house in downtown Seattle, WA, the LEV ranges from $93 to $447, assuming an interest rate 
of 6.778%, good credit, and a down payment of at least 3%.

 when the appropriate mortgage information and prospective buyer’s income and 
family size are inserted into the formula, the equation yields the total additional amount of money 
beyond the main mortgage that a home buyer can borrow based on the house’s location efficiency.  The 
primary disadvantage to this method is that the largest input is odometer miles, which must be self-
reported and cannot be obtained from public records or census data as with the H+T Index.  As such, 
obtaining the LEV for each metropolitan area and the zones within that area requires interviewing 
thousands of homeowners, which is time consuming and somewhat expensive.  Because of this, 
expanding the LEV database to additional metropolitan areas beyond the four where it is currently 
applied (Seattle Chicago, San Francisco, and Los Angeles) is likely to take longer and cost more than 
expanding the H+T Index.  However, this method is the most accurate way to determine location 
efficiency on the scale necessary to make an accurate location efficiency determination.    

17

                                                           
15 Center for Neighborhood Technology, “About,” H+T Affordability Index, 

  This equates to an additional borrowing 
power of from $39,097 to $52,401, depending upon location (with the lowest LEV being in zone 279 and 
highest in zone 325). All of the Seattle area is a positive number, which is a result of the city’s better 
public transportation availability, fewer cars per household, higher density, and shorter commute 
distances than is average in America.  However, in many suburban and rural areas and in some cities, 

http://htaindex.cnt.org/about.php 
(accessed December 17, 2009). 
16 Expected automobile ownership and annual travel demand are themselves derived from several key 
variables, including small area’s net residential density, frequency and type of transit service and its 
connectivity, household size, household income, and distance to employment.   
Center for Neighborhood Technology, “Testimony of Scott Bernstein,” (June 11, 2009) 
http://www.cnt.org/repository/bernstein061109.pdf (accessed December 17, 2009). 
17 Institute for Location Efficiency, “Location Efficient Mortgage,” http://www.locationefficiency.com (accessed 
December 17, 2009). 
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the LEV would be a negative number, thus disqualifying a borrower from obtaining a Location Efficient 
Mortgage.    

FAS recommends that the minimum high performance baseline benchmark be set at the point where 
the LEV equals zero.  This benchmark is recommended because at this point where the LEV becomes 
positive and the borrower qualifies for a Location Efficient Mortgage, the house’s location is predicted 
to yield sufficiency lower annual travel demand and automobile ownership costs to offset the additional 
mortgage expenditure.  Above this minimum standard of qualifying, a relatively higher LEV indicates 
better transportation and connectivity and fewer miles driven.  This metric is highly useful as it creates a 
standardized value (the LEV) by which relative efficiencies can be measured and compared not only 
within a single city, but nationwide.   
 

Safe/secure 
While safety and security can be defined differently by every person and are in many ways subjective, 
certain aspects of the building safety and security attribute are quantifiable and can be definitively 
measured and benchmarked.  In a residential building, the safety of the occupant is primarily a 
consideration of life safety and health, with healthiness being primarily a measure of indoor air quality 
and life safety being a measure of the building’s structural soundness, suitability for a particular region, 
and features that inhibit damage from hazards and enable easy access to and exit from the building.   
 

Indoor Air Quality 
At present, the baseline standard for indoor air quality is defined by ASTM E2267-2004 “Standard Guide 
for Specifying and Evaluating Performance of Single Family Attached and Detached Dwellings-Indoor Air 
Quality”.  More recently, ANSI/ASHRAE Standard 62.2 2007 “Ventilation and Acceptable Indoor Air 
Quality in Low-Rise Residential Buildings” sets higher performance standards for ventilation, building 
envelope, and moisture control than those defined in ASTM E2267.  As the highest performing air 
quality code to date, ASHRAE 62.2, which is both a prescriptive and performance based standard, should 
be followed in all residential construction.  This standard focuses on whole house ventilation, local 
exhaust, and especially source control to maintain healthy air quality.  All ventilation and exhaust 
calculations, materials and appliance performance requirements, and moisture control calculations and 
standards in ASHRAE 62.2 should be met by all residential buildings.  In addition, all residential buildings 
should comply with the moisture control requirements of the 2009 International Energy Conservation 
Code.   And while ASHRAE 62.2 is the highest performing standard at present, neither this nor any other 
standard specifies interior pollutant limits.  However, in order to ensure high indoor air quality, it is 
necessary consider specific pollutant limits when creating standards and their underlying metrics.   

Therefore, FAS recommends setting specific pollutant limits and creating a set of performance based 
metrics based on those pollutant limits.  Pollutant limits for most leading airborne pollutants are 
currently expressed in the National Ambient Air Quality Standards. This set of standards, which specifies 
the maximum pollutant levels at which human health is not adversely impacted, was created by the 
Environmental Protection Agency (EPA) in compliance with the Clean Air Act.  To date, standards have 
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been set for:  carbon dioxide (CO2), particulates (coarse and fine), ozone (O3), lead (Pb), carbon 
monoxide (CO), nitrogen dioxide (NO2), sulfur dioxide (SO2), and radon (Rn).    

During the design phase of the house, modeling assessments of interior pollutant levels should be 
carried out that include all interior components of a proposed design (including interior finishes such as 
flooring, paint, and cabinetry).  Parameters for the modeled test should be that the house, when sealed 
to be airtight for 24 hours and mechanically ventilated at both optimal and suboptimal levels (including 
no mechanical ventilation), no pollutant should rise above the benchmark level.  In addition, the 
modeling should be carried out to show that when operated at both optimal and normal performance 
(including source pollutants) no pollutant would rise above the baseline level over a period of one year.   

The software necessary to model indoor air quality has already been developed by the Environmental 
Protection Agency (EPA) and this software, Simulation Tool Kit for Indoor Air Quality and Inhalation 
Exposure  (IAQX Version 1.0) should be utilized in modeling indoor air quality.  However, in order for the 
software to reflect the high performance indoor air quality metrics recommended by this report, the 
software would need to be adapted to reflect the latest research in indoor air quality.  In addition, the 
software would need to have the added capacity of outputting a single number that reflects the 
modeled indoor air quality of that house as compared to a benchmark number and other, similarly-sized 
houses (similarly to how REMRATE software outputs a HERS Index score).  This software should be 
maintained and updated by the EPA.18

Based on National Ambient Air Quality Standards recommendations, the benchmarks are set as follows:  

   

• CO2:  1000 parts per million (ppm);  

• particulates (<2.5 micrograms):  15 micrograms/m3;   

• particulates (<10 micrograms):  150 micrograms/m3 (24 hr); 

• O3:  0.074 ppm;  

• Pb:  0.15 micrograms/m3; 

• CO:  9 ppm;  

• NO2:  0.053 ppm;  

• SO2:  0.03 ppm;  
In addition to these pollutants, limits must also be set and corresponding metrics created for radon and 
formaldehyde, as both of these are proven human health hazards. 

• Radon: less than 4 pCi/L.19

• Formaldehyde: 0.01 ppm.

  Where radon-resistant construction is required by the local 
municipality or where a house has been designated as at a moderate to high radon risk 
either by local data or designation as Zone 1 in Figure AF101, 2009 IRC, Appendix F Radon 
Control Methods should be followed. 

20

                                                           
18 Environmental Protection Agency, “Indoor Air Quality Modeling,” (January 10, 2007) 

   

http://www.epa.gov/appcdwww/iemb/model.htm (accessed December 17, 2009). 
19 Environmental Protection Agency, “Radon,” http://www.epa.gov/radon/ (accessed December 17, 2009). 
20 “Formaldehyde: IDLH Documentation,” (August 16, 1996) http://www.cdc.gov/niosh/idlh/50000.html (accessed 
December 17, 2009). 
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To be considered high performing in indoor air quality, modeling and subsequent quality control 
assessments would need to find each pollutant at a concentration equal to or lower than the minimum 
baseline.  In addition, the house would need to meet the indoor air quality criteria for moisture control 
and ventilation as described above.  Altogether, the pollutant, moisture, and ventilation modeling could 
be used to create an indoor air quality index similar to the HERS Index, with the baseline equivalent to a 
100.  This calculation would be a complex formula derived not simply from adding up pollutants; despite 
its complexity, it is necessary to have a standard measure of indoor air quality.  Both the software 
adaptations, and the specific numerical inputs and calculations for an indoor air quality index should be 
undertaken by DOE and EPA, with the input of a working group of experts.     
 

Other Health: Daylighting and Ultraviolet Rays 
 Related to indoor air quality and healthiness is the necessity of limiting residents’ exposure to 
damaging, potentially carcinogenic ultraviolet (UV) rays.  As such, to be considered high performing all 
fenestration products that are part of the conditioned building envelope should block at least 98% of 
solar rays in at least the UVA and UVB spectra (as calculated by NFRC 200).  

Research has also shown that people tend to be the most productive and function best (especially at 
written tasks) with an adequate amount of natural light.  Defining adequate natural lighting as 
daylighting between 500 and 2,500 lux,21

Life Safety/Structural Integrity 

 a high performance residential building should provide natural 
lighting within this range for all rooms within the house intended to be used primarily for working-
related or fine motor tasks such as:  operating a computer, reading, writing, paperwork (including 
homework), and working with tools.  Types of rooms that should be designed to have proper daylighting 
include: studies or dens, kitchens, and living, family or great rooms. Bedrooms, bathrooms, and stand-
alone, single-purpose dining rooms would not need to meet this standard; however, where one or more 
walls of any of  room is more than 50% open to a room where the daylighting standard applies, that 
room should also meet the daylighting standard.  In addition, all fenestration products that are part of 
the conditioned space should have Solar Heat Gain Coefficient of less than 0.40, as determined by the 
National Fenestration Rating Council via their NFRC 200 procedure, and a U-factor of no more than 0.50 
(the maximum allowable under the 2009 IECC). 

The structural integrity and life safety requirements for residential buildings differ greatly depending 
upon building material, type of housing, and location within the country.  To date, a number of high 
performing codes have been developed that address safe building practices and these codes, when 
followed, produce generally structurally sound buildings that are adapted to the differing structural 
needs of different regions.  The most comprehensive codes currently available are the international 
codes (or I-codes) written by the ICC.  These prescriptive standards and codes integrate the latest 
knowledge on issues of structural safety, building safety, and engineering and FAS recommends using a 
                                                           
21 John Mardaljevic, Climate-Based Daylight Analysis for Residential Buildings:  Impact of various window 
configurations, external obstructions, orientations and location on useful daylight illuminance, (Leicester, UK: 
Institute of Sustainable Energy and Development) http://www.thedaylightsite.com/filebank/Climate-
Based%20Daylight%20Analysis%20for%20Residential%20Buildings.pdf (accessed December 17, 2009). 
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house built to the latest adopted I-codes (specified below) as the minimum high performing benchmark, 
except where otherwise noted.  As the I-codes are prescriptive rather than performance based, 
wherever stated the appropriate American Society of Civil Engineers (ASCE) calculations from SEI/ASCE 
7-05 “Minimum Design Loads for Buildings and Other Structures” should be used to determine the 
necessary minimum structural design and load requirements for a building.  

This report recognizes that not all structural integrity standards apply universally throughout the country 
and that for these cases specific regional or local strength and loading calculations will need to be made. 
The recommended high performing building code for each category of structural integrity/life safety 
category is as follows:  

General structural integrity: The 2009 International Residential Code (2009 IRC).  Calculations for 
loading design should be based off of the ASCE 7-05 “Minimum Design Loads” Chapters 1-4.  The 2009 
IRC should also be referenced for safety features including means of egress and escape, guards, and 
alarms and sprinkler systems.     

Fire: The 2009 International Fire Code (2009 IRC).    

Snow: Houses located in areas with a ground snow load of greater than 5 lbs/ft2 and less than 20 lbs/ft2 

as determined by figure R301.2(5) of the 2009 IRC should be built in accordance with Chapters 5, 6, and 
8 of the 2009 IRC .  Snow loading requirements for houses located in regions with a ground snow load of 
20 or greater lbs/ft2 or where the local code specifies that calculations must be performed should be 
designed using the ASCE 7-05 “Minimum Design Loads” Chapter 7.  For houses located where the 
ground snow load is 70 lbs/ft2 or greater the load should be calculated using ASCE 7-05 “Minimum 
Design Loads” Chapter 7 and the house design must be signed off on by a certified engineer or designed 
in accordance with accepted engineering practice.  Houses with a ground snow load of less than 5 lbs/ft2 

do not need to account for snow loading in structural design.   

Wind:  Houses should meet the minimum load for the Wind Zone in which the house is located, to be 
determined by using the Wind Zone Map found in Figure E301.2(4) of the 2009 IRC.  All houses in an 
area designated Special Wind Region, Hurricane Susceptible Region, with a basic wind speed 50-year 
mean recurrence interval of 90mph or greater, where 2009 IRC Table 301.2.5.1 indicates a modified 
wind speed of 90mph, or where local jurisdiction requires must be designed using the ASCE 7-05, 
"Minimum Design" Chapter 6 loading calculations and constructed to withstand at least the minimum 
calculated wind loads.  All other houses should meet the minimum loads described either in Table 
R301.2(2) or ASCE 7.  

Flood: Table R301.2(1) of 2009 IRC should be used to determine whether residential buildings are in a 
flood hazard zone.  If a house is located within flood hazard zones A, V, or D, then the flood loading 
standards, as calculated by ASCE 7 “Minimum Design Loads” Chapter 5 should be met.  Performing flood 
load calculations and building residential structures to R301.2.4 Floodplain construction (a 2009 IRC 
prescriptive standard) is recommended, but not required, for houses located in zones B, C, and X.     
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Seismic:  Buildings located in Seismic Design Zone A as defined by the 2009 National Seismic Hazards 
Maps from the US Geological Survey and the IRC 2009 Figure R301.2(2) should meet all general 
structural provisions, but do not need to meet any special seismic loading provisions.  Zone A buildings 
are those with .17g or less, with g being the acceleration of a falling object due to gravity.  Buildings 
located in moderate Seismic Design Zones B and C, being those buildings with between .17 and .50g, 
should meet the minimum seismic loading provisions of 2009 IRC as defined in R201.1.1.1 Seismic 
Design Category C.   For high seismic hazard Design Zones D through E, being those with .50g or greater 
and including Zones D0, D1, D2, and E, structures should be designed to meet at minimum the seismic 
loads as calculated in ASCE 7 Chapters 12 and 13.   
 

Occupation 
The goal of high performance occupation should be for the house to operate at or beyond its asset 
rating.  Occupation particularly affects water and energy efficiency, materials durability, indoor air 
quality, daylighting, and solar infiltration—optimal occupation can ensure that the house performs to its 
highest capability in each of these categories.  And while the occupation attribute cannot be built into 
the house and measured at the time of the house’s completion, educating occupants and providing 
them with a homeowners guide and information on how to optimize a house’s high performance 
attributes are the best means of ensuring that the house performs to its full potential.  Homeowner 
education should include:  how properly to use and operate the sustainable features of the house, how 
to limit energy and water use, how to maintain high indoor air quality and thermal comfort, and best 
practices for maintaining the house—especially emphasizing the durability of components and materials 
in the house.   

In addition, the homeowners guide that accompanies each house and is tailored to that house should 
include diagrams, pictures, and easy to understand text to aid occupants in maximizing that house’s 
performance.  Topics covered should include: optimal operating of all technology and appliances; best 
practices for necessary and recommended maintenance; cleaning and maintaining the interior to retain 
healthy indoor air quality and limit toxic pollutants; the location of various features in the house such as 
studs, electrical wires and circuits, plumbing pipes and mains, and blocking; and additional outside 
resources the occupant may need (such as information on how to contact the local recycling and 
hazardous waste disposal provider, sign up for the renewable electricity package from the local utility, 
and access the online Home Energy Saver tool from Lawrence Berkeley National Lab).     

Each local education program, whether run by a real estate company, builder/developer, or municipal or 
state government, should be nationally certified and based on a nationally approved homeowner 
education program.  At present the NAHB/ICC Green Building Standard requires that a Green Building 
receive a minimum number of points for “Operation, Maintenance, and Building Owner Education” 
(from a minimum of 8 points for bronze-level to 12 points for emerald-level certification).  To meet the 
“Operation, Maintenance, and Building Owner Education” minimum a house must come with a 
homeowners manual, which lists green features and contains product manufacturers’ manuals or 
datasheets.  In addition, the house must have a building construction manual that contains a narrative 
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on the importance of green building, lists the green attributes of that building, and contains warranty, 
operation, and maintenance instructions for all equipment, fixtures, appliance, and finishes in the 
house.  This standard has the most comprehensive operations and maintenance manual requirements 
of any standard and should be emulated when creating the national homeowners guide.    

Earthcraft Homes, a regional sustainable building program, requires that the builder, utility, or 3rd party 
certify utility bills against a baseline for at least 2 years; give the homeowner a manual that summarizes 
energy systems operations and irrigation operations; provide recycling bins for newspapers, magazines, 
and at least one other material; provide information on local recycling and hazardous waste disposal; 
and provide the homeowner with a checklist of environmental features included in their house.22

In addition to the homeowners manual topics listed above, the manual required for high performance 
occupation certification should include all of the features required in the Earthcraft manual as well as 
comprehensive operations and maintenance information such as that required by the Green Building 
Standard.   

  And 
many local, state, and regional programs, such as the Built Green program in Washington State require 
simple homeowner education measures such as providing the homeowner with an operations and 
maintenance guide.   

It should be a priority of the federal government, particularly the Department of Energy, with assistance 
from a national lab and the National Institute for Standards and Technology (NIST), to create a high 
performance housing homeowner education program.  Within the scope of this work, the federal 
government should be responsible for outlining necessary and recommended content for homeowner 
education, creating checklists and explanations or descriptions of all material that must be covered, 
writing and disseminating supporting materials and references, developing a template 
homeowner/occupant manual and making it available to users in a digital format so that it can be easily 
altered for each specific projects, and marketing and providing marketing tools for the program.  In 
addition to this brief homeowner education program, the federal government should also create a 
supporting day-long training program for the personnel who will be educating homeowners.  The 
training should be available both in person and in an interactive virtual world and web-based 
environment so that real estate agents, builders, developers, and municipal or state building officials 
throughout the country can be trained in how to educate consumers and new homebuyers about 
optimal occupation and the benefits of high performing housing. 

 

 

                                                           
22 EarthCraft House, “Building an EarthCraft House and Low-rise Multifamily Technical Guidelines,” 49-50, 
http://www.earthcrafthouse.org/documents/ech_tech-guidelines-complete.pdf (accessed December 17, 2009). 
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Non-Quantifiable Attributes:  
The productive, functional/operational, accessible, historic preservation, and aesthetics attributes 
cannot be quantified so no mathematical metric can be derived to measure high performance.  
However, qualitative measures of these attributes and the factors that contribute to these attributes 
can be, and in some cases have been, developed.  For each of these attributes FAS offers 
recommendations on the factors that should be considered in analyzing performance and identifies next 
steps for developing a related standard to measure high performance. 

Productive 
Productivity is not generally considered to be a key attribute of a residential building except in cases 
where the house is also used for commercial or business purposes.  However, the house does play an 
essential role in the connectivity and workplace productivity of residents.   To be considered high 
performing, FAS recommends that a house have broadband internet with wireless support so as to 
enable the residents to have full connectivity and the ability to use web-based tools for training, work, 
education, and other applications and to promote telecommuting.  Additionally, as a great deal of time 
is generally spent in the home, residential buildings play a key role in the healthiness of occupants and 
their ability to work consistently and productively, without medical absences.  As such, productivity 
should be measured by calculating a house’s health and occupant safety, which can be achieved by 
requiring houses to meet the high performance standards for natural lighting, indoor air quality, and life 
safety previously discussed in the safety/security section.  
 

Functional/operational 
As an attribute of high performance, functionality is difficult to define as each occupant has different 
uses for a space and a different perception of what a functional house should be.  As such, FAS 
recommends that high performance functionality be defined as adaptability, wherein the building can 
be easily and inexpensively transformed throughout its useful life.  In this way a house can meet the 
changing needs of the occupants throughout their lives without requiring either moving or expensive 
remodels; for example, installing blocking by the shower and behind the toilet will allow grab bars to be 
installed at a later point and selecting kitchen counters with adjustable height will allow the occupants 
to easily alter the surface based on the working height of each user.  The basic guidelines for 
adaptability are covered in the ANSI A117.1 Standard for Accessible and Usable Buildings and Facilities; 
FAS recommends that the high performance standard for accessibility be based on this ANSI standard, 
which is further discussed in the Accessible attribute below.   
 

Accessible 
Beginning with the Americans with Disabilities Act of 1990, extensive legislation has been created 
regulating and setting standards for accessibility and adaptability for commercial and public buildings.  
The most up-to-date of this legislation is based on the 2003 ICC/ANSI A117.1 Standard for Accessible and 
Usable Buildings and Facilities, which is the most comprehensive accessibility standard available.  As the 
majority of this standard applies to public and commercial rather than residential buildings, some 
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standard provisions need not be followed and may actually limit the utility of the house for the 
residence for the majority of users.  

To be considered high performing, residential buildings should adhere to some key components of 
ICC/ANSI A117.1 so that the house can continue to be useful and accessible to occupants throughout 
their lives and situations with only minor retrofits.  To this end, FAS recommends that to be considered 
high performing in the attribute of accessibility, the house meet the following standards. 

From Chapter 3:  All of the Building Blocks standards should be met to enable grab bars to be easily and 
inexpensively installed at a later point in the house’s occupation.   

From Chapter 4:  Accessible Routes—the house should meet the General, Accessible Routes, Walking 
Surfaces, Doors and Doorways, and Private Residential Elevators standards.  In addition, excepting cases 
where the house and at least one main entrance are at ground level and require no stairs to access, the 
house should have space next to at least one exterior doorway to fit a ramp that complies with the 
Section 405 Ramps section.  For multi-unit, multistory residential buildings, the building should also 
meet the Curb Ramps, Elevators, and Limited-Use/Limited-Application Elevators standards.  

From Chapter 5: General Site and Building Elements—single family homes should meet the Handrails, 
Windows, and Stairways standards, where relevant.  For multi-unit residential buildings, the Parking 
Spaces and Passenger Loading Zones standards should also be met in addition to meeting the standards 
required for single family homes.   

From Chapter 6: Plumbing Elements and Facilities—single family houses should meet the Shower 
Compartments standard on size, fixtures, and door width; in addition, there should be adequate space 
and structural support for a grab bar as specified in the Section 609 Grab Bar section.  For multi-unit 
residential buildings, where the element or facility is in a public area of the building not owned or rented 
by an individual occupant, the residence should meet the Washing Machines and Clothes Dryers, 
Drinking Fountains, Toilet and Bathing Rooms, Water Closets and Toilet Compartments, Urinals, and 
Lavatories and Sinks standards.    

From Chapter 9: Built-In Furnishings and Equipment—where applicable due to built-in furnishings and 
equipment having been designed and built into the house, the General, Dining Surfaces and Work 
Surfaces, and Benches built-in standards should be followed.   

And for multi-unit residential housing, all units should conform to the “Type B” dwelling unit 
specifications as required in the 2009 International Building Code (IBC) and at least 20% of all units (with 
a minimum of one unit) should conform to the “Type A” dwelling unit specifications.    
 

Historical Preservation and Aesthetics 
Both historical preservation and aesthetics are entirely subjective attributes for which no quantifiable 
metric can be created and for which there is no high performing code or standard on which to model 
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high performance residential housing benchmarks and goals.  In addition, meeting the goals of historic 
preservation often requires a trade-off between historic preservation and meeting energy efficiency and 
other sustainability attributes.  For example, in many historic neighborhoods wood-framed windows are 
the preferred option to retain the architectural cohesion and integrity of the neighborhood; however, 
wood framed windows tend to have lower R-values than the current generation of fiberglass windows.  
As such, in developing this metric its impact upon other high performance attributes must be carefully 
considered and weighed. 

Because of the subjectivity and lack of precedent, FAS recommends that NIBS or a related federal body 
immediately convene and adequately fund a joint working group to consider both attributes and to 
begin creating high performance guidelines and standards that address these attributes.  While specific 
historical preservation and aesthetic decisions for a building must be made at a local level, the goal of 
these standards should be to guide local jurisdictions in creating standards that best serve the needs of 
their local stakeholder community.  

The working group should be highly inclusive and follow the ANSI procedures for decision making to the 
greatest extent possible.  However, for the guidelines and standards created by the group to achieve 
large scale buy-in it is essential that the working group to be driven, directed, and controlled by key 
technical experts and stakeholders with either a high degree of influence or a substantial, interested 
membership.  Necessary participants in and drivers of the working group include: the Historic 
Preservation Society (HPS), the American Institute of Architects (AIA), the Advisory Council on Historic 
Preservation (ACHP), and the National Park Service (NPS).  As standards for these attributes will be 
adapted and developed at the local level, that local perspective must be included in the national 
standard development process and so it is additionally recommended that a small number of city-level 
historical preservation officials be invited to participate in the working group. 
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Graphic Representation of High Performance Metrics 
Once the metrics have been developed the federal government must create a nationally recognized 
graphic representation or “label” of high performance building that fulfills the following functions: 
exhibits the performance of the house as a whole system, the performance of the house in its individual 
attributes, can be used to compare between the performance of different houses in a standardized and 
objective manner, and which definitely defines and benchmarks what a high performance is and is not.     

This label must be user friendly and simple to understand, it must differentiate between the 
quantitative and qualitative attributes of the house, and it must be based on widely accepted metrics 
and standards wherever possible. In addition, the label must include a “high performance home” 
certification similar to Energy Star certification, where achieving the certification indicates that the 
house or product has been independently verified to have met all the government-approved high 
performance benchmarks.  Attributes included in the main graphic should be: energy, water, materials, 
location, functional/accessible, indoor air quality, and safety.   

Occupation, while a quantitative attribute, should not be included in the label as education is a primary 
component of the occupation asset and that education (especially house or site-specific education) is 
unlikely to occur until the point of sale, which occurs after the label is most useful to a homebuyer.   

The federal government should require that all new houses be independently tested and verified for 
performance and then labeled, though only those meeting the high performance benchmarks would 
receive the high performance certification.  Labeling all houses allows buyers to compare the relative 
attributes of different houses and, even when not purchasing a high performance certified house, the 
buyer would be able to select a house that performs well in specific attributes that meet their needs or 
wants (for example, meeting the need to limit monthly operating costs through high energy and water 
efficiency).    

The primary audiences for the label are: consumers and homebuyers, real estate agents, and builders 
and developers.   

Implementing a national building labeling scheme based on these high performance metrics and 
attributes will improve consumer awareness of high performance building and how it benefits the 
consumer, the nation, and the environment.  Recognizing this, the goal of this improved awareness and 
understanding is to yield a response similar to that of the Energy Star label, where the label has not just 
improved consumer awareness of energy efficient products, but actually created and grown markets for 
certified products.  

For real estate agents, the label will increase the visibility of building performance issues and educate 
agents about the high performance attributes and their benefits to occupants.  The label, by providing a 
simple, standard method of comparing houses, will also aid real estate agents in marketing house 
performance by providing an objective tool for comparison.  Moreover, as consumer and agent 
awareness of high performance issues grows via the label, the emerging market will provide the 
opportunity for agents or agencies to specialize in selling high performance houses.   



24 
 

The creation of national high performance metrics and an accompanying label will allow builders and 
developers to design, build, verify, and then certify high performance housing that is recognized as such.  
A national measurement standard certification program will aid builders and developers by helping 
them to improve their own building practices and choices by offering them guidance, stability, and 
resources.  And by improving consumer awareness of why high performance building is beneficial and 
why the higher upfront price tag is cost effective over the long term, the label will likely grow the market 
for high performance housing, which will in turn decrease the cost of and increase the availability high 
performing products. 

The label prototype below demonstrates the attributes that ought to be included on the label.  In 
addition, the prototype shows the necessity of including a graphic representation not only of that 
particular house’s performance, but of the high performance benchmark and the minimum code, which 
will allow users to easily compare each house in relation to the minimum code and benchmark as well as 
to other houses.  The label should also include an estimated annual operating cost of the house based 
on the house’s asset rating (including water, energy, transportation, materials maintenance or 
replacement, and indoor air quality technology maintenance).  This operating cost estimate, while not 
accounting for individual occupant use variance, will allow the consumer to see how a high performance 
house is cost effective by reducing operations costs.   
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Recommendations for Immediate Action 
For widely accepted and quantitatively valid metrics for high performing affordable housing to be 
developed and adopted, the discussion on metric creation must be opened up to key stakeholders.  
DOE, NIBS, or a relevant federal department should immediately begin multi-party stakeholder 
discussions on metrics, using the metrics in this report as a starting point.  These discussion round-tables 
must include appropriate government representatives, private code making organizations, subject 
matter experts, and representatives of major building and labor associations.   

Based on the discussions and the input of a working group, where necessary, the federal lead should 
further develop the definition of each attribute; begin designing a methodology to analyze every 
quantifiable attribute for which a rigorous and useful metric does not yet exist; and fund the 
development of open source software tools to easily and comprehensibly analyze materials life-cycle 
costs and water use.  The capability of the software to perform cost-benefit analysis, optimize financial, 
energy, and carbon savings, provide near optimal alternatives, and analyze the water or materials as a 
holistic system is essential.  In addition to or as part of these analytical tools, the federal government 
must develop and back publicly available and open source software that produces an index rating for 
these attributes so as to enable a house’s performance to be compared to other houses and to a model 
baseline.    

The process of creating good, quantifiable metrics and tools must recognize that that the ultimate goal 
of this process is to create a nationally recognized set of codes and standards to define and promote 
high performance, affordable housing.  Upon completion of the metrics, the federal lead should partner 
with the ICC, ASHRAE, NAHB, the Department of Housing and Urban Development (HUD), and key 
stakeholders to create model high performance guides and standards based on the metrics; in doing so, 
the resulting guides and standards will have a wide base of support for improving the safety and 
performance of affordable housing.     

These codes should, in turn, be used to create a mandatory national high performance residential 
building labeling scheme that will allow all buildings to be quantitatively assessed relative to both a 
benchmark and similar buildings.  Through this system, policymakers, building professionals, and the 
public would be able to better understand the true performance of our new housing stock, using its 
performance as a baseline for future improvements.  Moreover, mandatory labeling would increase 
public awareness and understanding of high performance building and likely lead to a demand-driven 
market growth for houses with high performing attributes or high performance certification.  However, 
the creation of codes, standards, and high performance labels and certifications is dependent upon first 
creating quantitative metrics by which to assess and analyze performance.  Developing metrics must be 
the first step in the process improving the availability of high quality, affordable housing in the United 
States;  the government, with industry stakeholders, must immediately undertake this first step. 
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Appendix 1. Constructing High Performance Buildings  
for the 21st Century and Beyond 

by Kelly Shultz, Federation of American Scientists 
 

As a contributor to US energy, security, and environmental problems, improving 
buildings’ performance has become an elevated policy push in the past decade. In particular, 
Section 914 of the 2005 Energy Policy Act and Section 401 of the 2007 Energy Independence 
and Security Act address the need to improve building standards by developing a “high 
performance building standard.” 1

 

 Discussed below is FAS’s investigation into the successes and 
shortcomings of past efforts to develop high performance building standards, review of the 
need for improved standards, and policy proposals to accelerate the creation of US high 
performance building standards. 

Background and History of High Performance Buildings 
 

The 109th Congress defined a high performance building in the Energy Policy Act of 2005 
(EPAct) as a “building that integrates and optimizes all major high-performance building 
attributes, including energy efficiency, durability, lifecycle performance, and occupant 
productivity.”2

 

 Congress highlighted the need for future buildings to comprehensively integrate 
the best available, and arguably cost effective, building technologies. 

EPAct assigned the National Institute of Building Sciences (NIBS), a non-profit non-
governmental organization that researches “innovative solutions for the built environment,” to 
survey building practices. 3 Specifically, Congress ordered NIBS to assess if current standards 
and rating systems reflect the best use of technology, determine if and what additional 
research is required to advance high performance buildings, and recommend steps to 
accelerate the development of consensus based standards for high performance.4

 
 

Two years later, the 2007 Energy Independence and Security Act (EISA) passed by the 
110th Congress reiterated the need to develop a high performance building standard and 
revised the legislated definition. According to EISA, a high performance building is “a building 
that integrates and optimizes on a life cycle basis all major high performance attributes, 
including energy conservation, environment, safety, security, durability, accessibility, cost-

                                                           
1 This paper is condensed from its full length for this publication. For the full paper, see 
http://www.fas.org/programs/energy/btech/index.html  
2 Energy Policy Act of 2005. 8 August 2005. 109th U.S. Congress. 29 January 2009 
<http://www.doi.gov/iepa/EnergyPolicyActof2005.pdf>. 
3 "About the National Institute of Building Sciences." <http://www.nibs.org/aboutnibs.html>. 
4 Energy Independence and Security Act of 2007. 4 January 2007. 110th Congress. 29 January 2009 
<http://frwebgate.access.gpo.gov/cgi-bin/getdoc.cgi?dbname=110_cong_bills&docid=f:h6enr.txt.pdf>. 
 

http://www.fas.org/programs/energy/btech/index.html�


2 
 

benefit, productivity, sustainability, functionality, and operational considerations.”5 These 
“performance attributes” were originally conceived at NIBS for the Whole Building Design 
Guide (WBDG). The WBDG is an internet resource designed to provide “government and 
industry practitioners with one-stop access to up-to-date information on a wide range of 
building-related guidance, criteria and technology.” 6 The 110th Congress specifically adopted 
the WBDG to emphasize the need to focus on more than just a building’s energy efficiency and 
environmental impact.7

  
 

In 2008, after three years of research and development, NIBS published the 
“Assessment to the US Congress and US Department of Energy on High Performance Buildings.” 
This thirty-five page document attempted to assess all current building standards and suggest 
tactics to the US Congress and Department of Energy to accelerate the development of a high 
performance building standard. 

 
 

Findings  
 
Process of NIBS’s Report to Congress and the Department of Energy 
 

NIBS approached the task of completing a general survey of current standards and 
codes by first creating the “High Performance Building Council.” This council, formed in April of 
2007, was comprised of delegates from standard, model code, government, and technical 
organizations.8 The Council then separated into eight committees based on the building 
attributes specified in the WBDG: accessibility, aesthetics, cost-effectiveness, functionality, 
historical preservation, productivity, safety, and sustainability. Each of the eight committees set 
out to compile a comprehensive list of the US standards concerned with their topic and identify 
the most progressive standards. 9

 
  

A year later, in 2008, NIBS published the “Assessment to the US Congress and US 
Department of Energy on High Performance Buildings” as a response to the Congressional 
orders in EPAct and EISA. The report summarizes NIBS’s research process, conclusions, and 
recommendations concerning the development of a high performance building standard. 

                                                           
5 Energy Independence and Security Act of 2007. 4 January 2007. 110th Congress. 29 January 2009 
<http://frwebgate.access.gpo.gov/cgi-bin/getdoc.cgi?dbname=110_cong_bills&docid=f:h6enr.txt.pdf>. 
6 About the WBDG. http://www.wbdg.org/about.php 
7 Assessment to the US Congress and US Department of Energy on High Performance Buildings. 2008. National 
Institute of Building Sciences. 2009 <http://www.wbdg.org/pdfs/hpb_report.pdf>. 
8 Assessment to the US Congress and US Department of Energy on High Performance Buildings. 
9 Assessment to the US Congress and US Department of Energy on High Performance Buildings. 
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Figure 1: NIBS's timeline for creating a high performance building standard. 

NIBS’ Shortcomings  
 
Overall, the “Assessment to the US Congress and US Department of Energy on High 

Performance Buildings” did not fully address the orders specified in EPAct and EISA. While each 
committee clarified the purpose of each of the 8 chosen building attributes and identified 
future obstacles, none of the committees evaluated the current existing standards or 
technologies related to their topic. Without this initial step—of performing an extensive study 
and survey of the current building standards—the committees’ following suggestions are 
limited. The Council’s only clear conclusion was that a “performance metric” and “verification 
method” need to be developed for every attribute, as demonstrated in Table 1. 

 

Table 1: Summary of NIBS suggestions to Congress and the DOE. 

July 2005:
109th Congress called 

NIBS to conduct a 
survey concerning a 
high performance 

building standard in 
EPAct.

April 2007: 
NIBS created the High 
Performance Building 

Council.

December 2007: 
110th Congress  

redefined a "high 
performance building" 

in EISA. 

June 2008:
NIBS published the 

report for Congress and 
DOE

Building attribute Suggestions 

Accessible • Create additional guidelines to allow owners and builders to exceed current 
codes. 

Aesthetic • Develop an expert panel for non-technical building aspects. 
Cost-Effective • Develop a performance metric and verification method. 

• Educate owners about using life cycle cost analysis. 
• Devise policy to help owners pay upfront costs. 
• Research relationship between cost and intangible building attributes. 

Functional/Operational • Develop a performance metric and verification method to measure owners’ 
needs. 

Historic Preservation • Develop a performance metric and verification method to differentiate 
between historically significant buildings and simply old buildings. 

Productive • Develop a performance metric and verification method. 
• Research the link between building attributes and worker productivity. 

Secure / Safe • Develop a performance metric and verification method. 
• Take geographical location and needs into account. 

Sustainable • Develop a performance metric. 
• Use energy efficiency to drive design.  
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NIBS struggled to fully “conduct an assessment of whether the current voluntary 
consensus standards and rating systems for high performance buildings are consistent with the 
current technological state of the art” because of a lack of resources.10  NIBS only received 
$75,000 to complete Congress’ task of creating a high performance building survey.11 Without 
the voluntary work of industry, standards, and policy experts no report would have been 
produced at all.12

 
  

NIBS’ Contribution: Identification of Future Obstacles and Awareness 
 

While NIBS and the Council did not produce any concrete suggestions or action plans, 
the report did identify future obstacles impeding the development of a high performance 
building standard. Each sub-committee under the High Performance Building Council 
recognized several obstacles associated with their specific building attribute.  

 
Building attribute Obstacles found by NIBS 

Accessible • As the average age of US citizens increases, every year a larger portion of the 
population is disabled.  

Aesthetic • Intangible attribute. 
Cost-Effective • High performance buildings will initially be more expensive than standard 

buildings. 
• Traditionally owners pay upfront costs.  

Functional/Operational • Intangible attribute. 
• Every owner has different building goals and needs. 

Historic Preservation • Old buildings are not necessarily worth preserving. 
Productive • Not enough research on productivity exists to make clear conclusions. 
Secure / Safe • Optimizing safety often compromises functionality of other attributes. 

• Safety needs vary geographically. 
Sustainable • There are many options to measure a building’s sustainability. 

Table 2: Summary of obstacles found by NIBS. 

Despite the overall shortcomings of the report, NIBS’s work has helped call attention to 
the overall importance of building highly performing buildings throughout in the US—this has 
proven to be an important first step in the creation of a standard. Since NIBS’s report was 
published, Congress has created the High Performance Building Congressional Caucus Coalition 
(HPBCCC). HPBCCC is a “private sector coalition providing guidance and support to the High 
Performance Buildings Caucus of the US Congress.”13

                                                           
10 Energy Policy Act of 2005. 

 This coalition’s single goal is to keep 
policy makers and congress men and women informed about the importance of building high 
performing structures. 

11 Personal correspondence with NIBS. 
12 Vaughn, Ellen. "Policy Director, High Performance Green Buildings." Environmental and Energy Study Institute. 
Washington, DC, February 2009. 
 
13 "High Performance Buildings Congressional Caucus Coalition." 2009. ASHRAE. 
<http://www.ashrae.org/advocacy/page/1867>. 
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The Need for a High Performance Building Standard  
 

Although NIBS did not have the resources to conduct a thorough survey of the state of 
existing standards and technologies, efforts to devise a high performance building standard 
need to continue. The 21st century has abruptly changed the way Americans view the 
construction and purpose of structures. The best buildings protect occupants from hurricanes, 
earthquakes, fires and terrorist attacks, while also minimally impacting the global environment. 
New buildings must be built to use less energy and more recycled materials, all while providing 
more reliable and durable structural infrastructure. In particular, recent incidents concerning 
environmental, structural, and indoor air quality safety have further stressed the need for a 
high performance building standard. 

 
Environmental Safety 
 

As a significant contributor to green house 
gas emissions and carbon dioxide production in the 
United States, addressing these new building 
challenges is urgent.14 The American Institute of 
Architects (AIA) estimates that by the year 2035 
almost 75 percent of buildings will be new or 
renovated.15 Because of this anticipated growth in 
the construction industry, a dramatic change in the 
US’ approach to building standards and policy for 
new construction is imperative. Scientists predict 
that a continued increase in green house gas 
production will cause weather patterns to change, 
human health to worsen, animal populations to lost, 
sea levels to rise, and overall national security to be 
threatened.16

 

A high performance building standard that promotes the construction energy 
efficient buildings and would undoubtedly help cut the building industry’s contribution to green 
house gas emissions.  

Structural Safety 
 

Similar to the threats of global warming, the 2005 levee failures during Hurricane 
Katrina and the 2007 collapse of the I-35 Mississippi Bridge in Minneapolis have instigated a 

                                                           
14 Inventory of US Green House Gas Emissions and Sinks. 2008. EPA. 8 February 2009 
<http://www.epa.gov/climatechange/emissions/downloads/2008_GHG_Fast_Facts.pdf>. 
15 Shilale, Michael. "Architect Saves the Planet." October 2005. American Institute of Architects. February 2009 
<http://www.aiaarchitect.net/site/flyers/newsletter_oct.pdf>. 
16 "Issues: Global Warming." 10 December 2008. NRDC. 12 February 2009 
<http://www.nrdc.org/globalWarming/fcons.asp>. 
 

 

Figure 2: The Building sector consumes the majority 
of US electricity. 
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similar sense of urgency in addressing infrastructure and building policy. According to a report 
from the American Society of Civil Engineers, “a large portion of the destruction from Hurricane 
Katrina was caused not only by the storm itself, however, but also by the storm’s exposure of 
engineering and engineering-related policy.” Investigations after the storm concluded that the 
levees, designed to protect cities like New Orleans, failed because of poor maintenance and 
inadequate funding. It is believed that the floods, resulting from the levee failures, caused more 
deaths than the Hurricane itself. In New Orleans alone, over 1,000 citizens died and 800,000 
homes were destroyed.17

 
 

Two years later 13 commuters died when the Mississippi Bridge collapsed in 
Minneapolis.18 Like the levees in Hurricane Katrina, the Mississippi Bridge had been in poor 
condition years before its failure—the federal government considered the bridge “structurally 
deficient” in 1990.19 Today, it is estimated that 25 percent of the bridges in the United States 
are still “structurally deficient.”20

 
  

Indoor Air Quality Safety 
 
 In 2008 the victims of Hurricane Katrina living in the emergency housing provided by 

the by Federal Emergency Management Agency (FEMA) began to suffer from respiratory 
problems, nose bleeds, and headaches—FEMA received a total of 11,000 health complaints.21 
The Lawrence Berkley National Lab soon discovered that the flood-relief trailers given to the 
Katrina victims three years earlier contained unsafe levels of the toxin formaldehyde. 22 The 
Sierra Club reported that 88 percent of the mobile homes showed high levels of 
formaldehyde.23 The Environmental Protection Agency and Center for Disease Control 
confirmed these findings.24

 

 

Because no agency has jurisdiction over mobile homes, no specific regulations existed to 
protect the Hurricane victims. Thus, the manufacturers of these flood-relief mobile homes used 

                                                           
17 "THE NEW ORLEANS HURRICANE PROTECTION SYSTEM: What Went Wrong And Why." 2007. American Society 
of Civil Engineers. 2009.  <http://www.asce.org/files/pdf/ERPreport.pdf>. 
18 "What the Profession Can Learn from Failure of its Bridges." May 2008. A Newsletter on the History and Heritage 
of American Civil Engineering. American Society of Civil Engineers. 2009 Feburary 
<http://content.asce.org/files/pdf/HHNewsletterMay08.pdf>. 
19 "Fatigue Evaluation of the Deck Truss of Bridge 9340." 2001. Minnesota Department of Transportation. 
<http://www.lrrb.org/pdf/200110.pdf>. 
20 "America's Infrastructure Report Card 2009." American Society of Civil Engineers. 
<http://www.asce.org/reportcard/2009/grades.cfm>. 
21 Brunker, Mike. Are FEMA trailers ‘toxic tin cans’? MSNBC. 
http://www.msnbc.msn.com/id/14011193/from/ET/#storyContinued 
22 Hsu, Spencer. “Toxicity in FEMA Trailers Blamed on Cheap Materials, Low Construction Standards.” The 
Washington Post. July 3, 2008. http://www.washingtonpost.com/wp-
dyn/content/article/2008/07/02/AR2008070202800.html?hpid=sec-health 
23“Toxic Trailers: Tests  Reveal High Formaldehyde Levels in FEMA Trailers.” 
http://www.sierraclub.org/gulfcoast/downloads/formaldehyde_test.pdf 
24 “FEMA-Provided Travel Trailer Study.” http://www.cdc.gov/nceh/ehhe/trailerstudy/ 
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cheap and unfortunately also dangerous building materials to construct the units.25

 

 Without a 
broad consensus in the building industry concerning methods to measure and regulate indoor 
air quality, similar incidents are inevitable. Improving the creation and enforcement of 
standards is the most effective way to keep buildings from jeopardizing occupant health and 
safety. 

Public Demand for Improved Building Policy 
 

Reports on buildings’ contribution to climate change, along with the tragedies of 
Hurricane Katrina and the Mississippi Bridge collapse, have caused engineers, journalists, 
government officials, and organizations to start demanding that the US government take action 
to improve buildings and infrastructure standards. Non-governmental organizations, such as 
The Brookings Institute and The National Resources Defense Council, have created programs 
solely committed to researching and solving urban and building policy issues. With lines such as 
“the country cannot wait for another bridge to fall” and “FEMA trailers are Toxic Cans,” opinion 
editorials throughout the country have called for change and prompted public action.26

 
   

Well-known public figures, from former Vice President Al Gore to actor Brad Pitt, have 
become advocates of improving building norms. Last November in an editorial entitled “The 
Climate for Change,” Gore touted “embarking on a nationwide effort to retrofit buildings” as 
one of the easiest and best ways to curb climate change.27

 

 After Hurricane Katrina, Pitt founded 
the “Make It Right Foundation,” an organization that builds sustainable homes for families in 
New Orleans that lost their homes during the storm.  

The Recession: A New Opportunity to devise a “High Performance Building Standard” 
 

The current economic recession has hit the construction industry particularly hard. In 
the past year, the construction industry has cut over 111,000 jobs and contractors are reporting 
a 50% decrease in business.28

 

 Despite these hardships, the economic climate has created a 
greater demand and need for the development of improved building standards. Federally 
funded sustainable building and infrastructure projects have been hailed as a promising way to 
create jobs and stimulate the economy.  

With the price of homes dropping and the instability of energy costs, high performance 
buildings that are significantly more energy efficient than average buildings are also becoming 
more attractive. As the Washington Post, explains, green homes are selling “because the 

                                                           
25 Ibid. 
26 "Before Another Bridge Falls." 23 February 2008. New York Times. 16 February 2009 
<http://www.nytimes.com/2008/02/23/opinion/23sat2.html?_r=1&scp=1&sq=Mississippi%20Bridge%20collapse&
st=Search>. 
27  Gore, Al. "The Climate for Change." 9 November 2008. The New York Times. 2009 February 12 
<http://www.nytimes.com/2008/11/09/opinion/09gore.html?_r=1&pagewanted=2>. 
28 Isidore, Chris. "Job Loss: Worse in 34 Years." 6 February 2009. CNN. 23 February 2009 
<http://money.cnn.com/2009/02/06/news/economy/jobs_january/>. 
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premium has substantially reduced and because people are more interested in saving money 
on energy efficiency costs over time.”29 Additionally, technologies that reduce building energy 
usage have increased in sales dramatically. Johnson Controls, an energy efficiency 
manufacturer, “has seen a double digit increase in sales to builders of devices that modulate 
the flow of heat out of a furnace to save energy.”30

 
 

The new Obama administration also appears to be dedicated to improving the quality of 
buildings and infrastructure by focusing on energy efficiency. During a visit to the Department 
of Energy in February 2009, President Barack Obama announced, “we will lead a revolution in 
energy efficiency, modernizing more than 75 percent of federal buildings and improving the 
efficiency of more than 2 million American homes.”31

 

 In addition, the economic stimulus 
package designated billions of dollars to improving the energy efficiency and safety of buildings, 
and funded the establishment of the Office of Federal High-Performance Green Buildings within 
the General Services Administration. Although all these actions have strengthened the 
movement to make the next generation of buildings high performance, much work still remains 
to achieve the creation of high performance building standards.  

Public Policy Recommendations 
 
Congress and the new administration must continue enacting policies to progress and 

advance the development of a high performance building standard.  Additionally, financial 
incentives need to be provided to research and standards organizations to develop a 
comprehensive standard, as well as to the private sector to utilize the standard. Without these 
actions, the US government will be advancing the performance of federal buildings along, while 
the private sector will remain skeptical of the worth and value of high performance buildings. 
 
Recommendation #1: Fund NIBS to complete their survey. 

 
To create the best high performance building standard possible, a complete survey of all 

current building standards and technologies is necessary. Without an extensive understanding 
of present building practices, it is impossible to further the progress the creation of a high 
performance building standard. Knowing how standards are lacking and where improvements 
are needed, will allow future policy decisions to be most useful and appropriate.  

 
To expedite this process, Congress should provide NIBS with the financial resources 

necessary to finish its past research efforts entirely. With established connections with industry 
and relevant government organizations, NIBS has the capacity to successfully execute this task 
if fully funded by Congress.   

 
                                                           
29 Carlton, Jim. "Homebuyers Go Green To Cut Bills." (2009). 
30 Carlton, Jim. 
31 White House. 12 February 2009 
<http://www.whitehouse.gov/the_press_office/RemarksByThePresidentToDepartmentOfEnergyStaff/>. 
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Tangible attributes Intangible attributes 

Cost-effective Accessible 
Secure and Safe Aesthetic 
Sustainable Functional/ Operational 
 Historical preservation 
 Productive 

Table 3: Tangible versus Intangible Building Attributes 

 

Recommendation #2: Work with an independent standards development organization to 
create a high performance building standard through a consensus process. 
 

Congress should fund an experienced independent standards organization, such as the 
International Code Council, to devise a high performance building standard through a 
consensus process. Unlike the traditional standards process, however, Congress needs to 
mandate that the NIBS survey serves as a guiding document and authorize the federal 
government to play a supporting role in the consensus standard’s development.  For example, 
the US government may consider directing a federal organization, such as the Environmental 
Protection Agency or National Institute of Standards and Technology, to work cooperatively 
with the standards development organization’s consensus committee. The federal government 
organization’s role would be to analyze the impacts a proposed addition, change, or 
modification to the standard has on factors such as life cycle cost and energy efficiency. Having 
a collaborative environment where NIBS provides a research basis, an independent Standards 
Development Organization devises metrics, and a federal government organization assesses the 
impacts of proposals, will insure that the high performance building standard represents the 
best integration of technologies and that Congress’ original objectives are met.   
 

Below are specific suggested actions and roles for NIBS, the selected standards 
development organization and federal government organization to assume:  
 
1. The standards development organization should first simplify the definition of a high 

performance building by differentiating between the tangible and intangible building 
attributes.  

 
The current Congressional definition of a high performance building highlights eight 

building design objectives: accessible, aesthetics, cost-effective, functional, operational, historic 
preservation, secure and safe, and sustainable.  Although this list is comprehensive, most of 
these building design objects are 
unquantifiable, subjective and difficult to 
benchmark. Creating a way of measuring 
each of these categories, as well as 
determining what should be considered “high 
performance,” according the Congress’ 
definition, is crucial to the successful 
development of a comprehensive standard. 
Differentiating between those attributes that can be measured with a clear metric from those 
that cannot (or between the tangible and intangible attributes) will simplify the creation of a 
high performance building standard.  
 
2. The standards development organization should devise metrics to measure the tangible 

attributes and let the federal organization use these metrics to assess the impact of 
proposals. 
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The standards development organization should create a clear metric to measure the 
tangible building attributes. When possible, it is important to use actual performance data to 
devise a metric. From the 8 attribute definition, a building’s level of sustainability, cost-
effectiveness, and safety can be measured using performance data. Currently the U.S. Census 
Bureau and Energy Information Agency publish data on the performance of homes, offices, 
schools, hospitals, and retail facilities.32

 

 With this information, the standards development 
organization must create some quantifiable metric to define what qualifies a building as “high 
performance.” The federal government organization can then use these metrics to assess and 
report the impacts of specific standard proposals.  

3. The standards development organization should form committees of recognized experts to 
evaluate the intangible attributes.  

 
For the intangible attributes, the most progressive existing standards identified in NIBS’s 

research should be assessed by recognized experts. These experts, brought together by the 
standards development organization, should form sub-committees for each intangible building 
attribute. Because the most progressive existing standards may not reflect the best available 
technologies or the best thinking in the field, these sub-committees need to thoroughly review 
existing standards and propose amendments that will produce these standards high 
performance. 
 
Recommendation #3: Provide assistance to contractors and owners who want to follow the 
high performance building standard.  
 

For adoption, the high performance building standard needs to be readily accessible, 
realistic, and self-justifiable. Although high performance buildings are expected to have lower 
life cycle costs, the initial costs of high performance buildings are often perceived to be more 
expensive.33

 

 To initially promote the implementation of high performance building techniques, 
Congress needs to provide incentives to owners and builders to cover initial construction costs. 

Conclusions 
 

The 109th and 110th Congress made initial steps to tackle the current problems with 
building policy in both EPAct and EISA by defining a “high performance building.” However, this 
is only the beginning of a long and complicated process. A high performance building standard 
must be devised quickly and efficiently given the current state of the building stock.  

 
Developing a high performance building standard can be expedited and simplified 

greatly by granting adequate funding to NIBS to fulfill the tasks in EPAct and EISA and by 
ordering a standards development organization to create a standard through a consensus 
                                                           
32 New Residential Construction. http://www.census.gov/const/www/newconstindex.html. 
33 Larsson, N. K.“The Green Building Challenge: the Development of an Idea.” September 1, 2001. March 6, 2009. < 
http://www.ingentaconnect.com/content/routledg/rbri/2001/00000029/00000005/art00003>. 
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process. To ensure that this standard is truly high performing, however, it is important that 
Congress mandates that a federal government organization supplements the regular standards 
consensus process by reviewing proposals. By taking these steps, we can continue the 
movement to improve both the US building stock and national energy, security, and 
environmental problems. 
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Appendix 2.  Evaluating Residential Energy Efficiency Programs 
with a Universal Metric 

By Kelly Shultz, Federation of American Scientists 
 

Since the oil crisis in the 1970s, building energy codes in the United States have begun 
mandating the construction of more energy efficient buildings. Improving the energy 
performance of buildings has proven to be a cost effective way to solve both fossil fuel 
depletion and energy security problems. More recently, adopting increasingly stringent energy 
building codes has been hailed as a key way to halt climate change. In 2008, buildings alone 
consumed 40 percent of US energy and 71 percent of US electricity.1  Both governmental and 
non-governmental organizations have agreed that buildings, as the largest contributor to green 
house gases, need to be energy efficient.  To achieve this feat, building codes have become 
stricter and energy efficiency programs, like the Department of Energy’s Energy Star and the 
United States Green Building Council’s LEED, have developed.2

         

  While codes are mandatory 
regulations, voluntary guidelines are followed by choice in addition to code. Voluntary 
programs encourage home owners and builders to exceed minimum code requirements, 
improve the energy performance of their homes, and help curb the negative effects of climate 
change. 

            Despite the creation of numerous energy efficiency building programs and the 
modification of energy building codes, a common metric and rating system to compare the 
effectiveness of all the programs does not exist. Many organizations have recognized the need 
to quantify the energy efficiency of their particular programs on a scale. However, rather than 
contributing to a universal and existing metric, organizations have instead devised separate 
metrics.3 These metrics, although similar, have prevented the public from gaining a truly 
comprehensive understanding of the effectiveness of energy efficiency programs. Today, 
without a visual representation and comparison, it is easy for the building industry and 
homeowners to make uninformed design decisions. For instance, a contractor may know that 
Builders Challenge and Energy Star homes are more energy efficient than homes that only 
following code, but does not know that Builders Challenge homes are significantly more energy 
efficient than Energy Star homes. 4,5

                                                           
1 Fay, William. NASEO Annual Meeting. [Online] September 8, 2008. [Cited: 27 January, 2009.] 
http://www.naseo.org/events/annual/2008/presentations/Fay.pdf. 

 

2 Architecture: Architets of a low-energy future. Butler, Declan. s.l. : Nature News, 2008. 
3 Building America. [Online] http://www1.eere.energy.gov/buildings/building_america/ 
4Builders Challenge. DOE. [Online] May 20, 2008. [Cited: January 6, 2009.] from 
http://www1.eere.energy.gov/buildings/challenge/about.html. 
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Using the Residential Energy Services Network’s Home Energy Rater Systems Index 
(HERS Index) as a metric, this paper will calculate the HERS Index numbers of current building 
programs and demonstrate the benefits of adopting a common system of measurement.  Only 
through using a common metric, like the HERS Index, can residential building standards, model 
codes, codes, and voluntary programs be accurately compared and analyzed.  

The HERS Index Explained 

The Residential Energy Services Network (RESNET), a not-for-profit member 
corporation, initially developed the HERS Index “to measure the monetary savings attributable 
to the energy efficient features of a home with the goal of crediting the energy efficiency of a 
home in the mortgage loan.”6 Today the HERS Index is used to rate a building’s energy 
performance.7 To calculate the HERS Index number of a particular residence, an auditor 
considers a “home’s heating and cooling efficiency, insulation levels, appliance and lighting 
energy use, window efficiency, a home’s solar orientation, and other factors that are tailored to 

the home’s climate regions.”8

HERS Index numbers are quantified on a vertical scale. For practical reasons, a HERS 
Index usually ranges from about 130 at the top to -10 at the bottom.  It should be noted, 
however, that a HERS Index number for a particular home could potentially range beyond 130 
and -10 if a residence performs extraordinarily poorly or strongly.  A home with poor energy 
performance earns a high HERS Index number, while a home with strong energy performance 
earns a low HERS Index number.  A home with an Index number of 100, for instance, uses more 
energy than a comparable home with an Index number of 60.  

  Analyzing these building factors ideally helps homeowners and 
contractors realize home inefficiencies and invest in energy improvement technologies.  

                                                                                                                                                                                           
5 What's a HERS score. Energy Star. [Online] 
http://www.energystar.gov/index.cfm?c=bldrs_lenders_raters.nh_HERS 
6 About RESNET. Residential Energy Services Network (RESNET). [Online] http://www.natresnet.org 
7 Introducing RESNET - The American Building Performance Rating System. RESNET. [Online] [Cited: January 26, 
2009.] http://www.resnet.us/about/resnet.htm. 
8 Introducing RESNET - The American Building Performance Rating System. RESNET. [Online] [Cited: January 26, 
2009.] http://www.resnet.us/about/resnet.htm. 

Table 1: Home Type Definitions 

Home Type (Index number) Definition  

Typical US home (130) Built before 2006. 

New home (100) Complies with the 2006 International Energy Conservation Code (IECC) mandates. 

Net-zero home with 
cogeneration (0) 

Produces as much energy as consumed through a cogeneration system such as solar 
panels. 



3 
 

 

Figure 1: HERS Index Basics 

 

Each 1 percent increase in the energy efficiency of a home corresponds to a 1 point 
decrease in Index number.9

On average, a home built before 2006 in the United States has an Index number of 
130.

 Thus, the home described previously with an Index number of 60, is 
40 percent more energy efficient than the home earning an Index number of 100.  

10 An average new home built after 2006 is represented by an Index number of 100.11 
RESNET defines an average new home as a home that meets the 2006 International Energy 
Conservation Codes 
(IECC). 12 Seventeen 
state governments 
have adopted the 
2006 IECC as a state 
code. However, it 
should be noted that 
many states enforce 
less stringent codes, 
while other states, 
such as California and 
Oregon, enforce 
stricter energy 
efficiency codes. 13

A net-zero 
energy home with 
cogeneration earns 
an Index number of 

 
On average, a newly 
constructed home is 
thirty percent more 
energy efficient than 
a home built before 
2006.  

                                                           
9 What's a HERS score. Energy Star. [Online] 
http://www.energystar.gov/index.cfm?c=bldrs_lenders_raters.nh_HERS. 
10 About RESNET. Residential Energy Services Network (RESNET). [Online] http://www.natresnet.org 
11 ibid.  
12 ibid. 
13 State of the States Building Codes. DOE. [Online] 
http://www.energycodes.gov/implement/state_codes/state_status_full.php. 
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0.14 This represents a home that produces as much energy as it uses after the addition of an on-
site cogeneration system, such as photo voltaic panels.15

Benchmarking Standards, Model Codes, Codes, and Guidelines Using the HERS 
Index 

 Cogeneration can infinitely increase 
the energy efficiency of a home. A home that produces more energy than it consumes earns a 
negative Index number.  Theoretically this excess energy produced would be sold back to the 
power grid.  

  Benchmarking current standards, model codes, codes, and guidelines is useful for 
consumers, contractors, government agencies, and non-government organizations. Using HERS 
Index numbers allow parties to easily and quickly compare the effectiveness of all the different 
energy efficiency building tactics available. Quantifying popular energy efficiency programs and 
codes helps: 

 Consumers understand the performance of their own residence and compare it with 
comparable homes. This information prompts homeowners to invest in energy 
efficiency improvements.  

 Contactors and developers construct better performing buildings.  
 State and federal governments ensure that the US Codes reflect the best technological 

advancements and practices.  
 Non-governmental organizations compete with other non-governmental organizations 

to create the most advanced program regulations.  

Presently, RESNET’s HERS Index is calibrated according to the energy efficiency of the ICC’s 
2006 IECC.16 As explained previously, the 2006 IECC has an Index number of 100. To determine 
the HERS Index number of other energy efficiency programs, one must compare the programs 
to the 2006 IECC.   Because each 1 percent increase in energy efficiency corresponds to a 1 
point decrease on the HERS Index, simply knowing the percentage a particular energy efficiency 
program is better or worse than the 2006 IECC, provides enough information to assign a 
program an Index number.17

If complying with a particular voluntary guideline improves the energy efficiency of a newly 
built home—which assumingly follows the 2006 IECC mandates—by 25%, then the guideline 
theoretically would create a home with an Index number of 75. 

 

                                                           
14 About RESNET. 
15 Anderson, Ren. System Integration Research Leading to Zero Energy Homes. s.l. : Building America, 2006. 
16 What's a HERS score. Energy Star. [Online] 
http://www.energystar.gov/index.cfm?c=bldrs_lenders_raters.nh_HERS. 
17 What's a HERS score. 
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Determining HERS Index numbers can be complicated because energy efficiency programs 
are not always compared to the HERS Index or even the 2006 IECC. Often, programs are either 
compared to an average US home or to nothing at all. The lack of uniformity in state mandated 
codes also contributes to the complexity of quantifying energy efficiency programs. These 
obstacles only emphasize the need for establishing a precedent for using a common 
comparison metric such as the HERS Index.  

Standards, Model Codes, Codes, and Guidelines 

In order to comprehensively 
understand all the building energy efficiency 
programs in the United States, first it is 
necessary to clarify the difference between a 
standard, model code, code, and guideline.  

Standards are developed by non-profit 
technical societies.  These societies, such as 
the American Society of Heating, Refrigerating 
and Air-Conditioning Engineers (ASHRAE) and 
the National Association of Home Builders 
(NAHB), publish standards every three years 
based on their research.  These standards 
theoretically represent the minimum 
allowable regulations that the building 
industry must follow to, as ASHRAE explains, 
“serve humanity and promote a sustainable 
world.”18

A model code is a compiled set of regulations developed by an independent standards 
organization through a consensus process. A model code is a collection of building standards 
meant to protect homeowners and builders from out dated, dangerous, and poor building 
techniques.

 Standards organizations then 
petition model code organizations to adopt and 
enforce these standards.  

19

                                                           
18 About Us. [Online] 2009. [Cited: ] http://www.ashrae.org/aboutus/ 

  Like standards organizations, model code organizations have no affiliation with 
federal or state governments. Rather, model code organizations are membership based 
associations. Professionals from the engineering, construction, and manufacturing fields review 

19 About ICC: Introduction to the ICC. People Helping People Build a Safer World. [Online] International Code 
Council, January 2009. http://www.iccsafe.org/news/about/. 

Code changes submitted (usually 
by a standards organization)

Code development hearing

Public hearing results published

Public comments sought on 
public hearing

Public comments published

Final action hearing

New model code is published by 
a model code organization

Figure 2: How a standard becomes a 
model code. 
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submitted code proposals. 20

While a model code suggests how a home should be constructed, a code is a set of 
regulations adopted by a government that specifies how a building must be constructed. In the 
United States, a government body adopts a particular model code to enforce. Often a 
government will amend parts of a model code to best serve specific climatic and regional 
needs.

  For a proposal to become a code it must first pass through a 
series of hearings and committee meetings. This open consensus process, which prevents 
interest groups from dominating standards’ development, is graphically represented in Figure 
2.  

21 After adoption, the government body is also responsible for enforcing the code. In the 
United States, with the exception of manufactured housing, no federal residential building 
codes exist. Rather, each state or, in some cases, local government adopts specific model codes 
to enforce. 22, 23

A guideline is a voluntary energy efficiency program established by either a 
governmental or non-governmental organization.  Guidelines suggest additional building 
regulations homebuilders can follow in addition to the minimum practices specified by code. 
Guidelines promote the construction of more energy efficient homes by setting specific 
benchmarks, often accompanied by prestigious labels, for individual homeowners and builders 
to strive for. For instance, the US Green Building Council’s LEED for Homes program has 

 

                                                           
20 About ICC 
21 State of the States Building Codes. 
22 The HUD-Code. Manufactured Housing Institute. [Online] 
http://www.manufacturedhousing.org/lib/showtemp_detail.asp?id=78&cat=1. 
23 State of the States Building Codes. 

Research
A standards organization 
publishes a STANDARD

A standard does not 
become a model code

A standard becomes 
MODEL CODE.

States  or local governments 
do not adopt a model code

energy efficiency 
remains the same

States or local governments 
adopt a model code

Homebuilders  follow  
the mandatory CODE

energy efficiency 
improves

Voluntary 

GUIDELINES are 
developed

Homebuilders abide by 
additional guidelines

energy efficiency 
improves

Figure 3: Relationship between a standard, model code, code, and guideline. 
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prompted many homebuilders to construct green homes in order to receive public recognition 
and the “LEED certification” label.24

Standards 

 

Organizations, such as 
ASHRAE and the National 
Association of Home Builders 
(NAHB), publish standards for 
residential buildings. NAHB 
recently published a green 
standard. The standard 
focuses on improving seven 
different building components:  

1) Lot design, 
preparation and 
development 

2) Resource efficiency 
3) Energy efficiency 
4) Water efficiency 
5) Indoor environmental 

quality 
6) Operation, 

maintenance, and 
homeowner education 

7) Global impact 

The NAHB Green 
Standard encourages energy 
efficiency improvements 
through a point based system. 
At a minimum the NAHB Green Standard requires that homes follow the IECC or local code, whichever is 
more stringent. More points are earned if a home exceeds the IECC.  A home fifteen percent better 
earns a bronze rating, thirty percent better earns a silver rating, and forty percent better earns a gold 
rating. Thus, homes that follow the NAHB Green Standard earn a HERS Index number between 60 and 
100.25

                                                           
24 Black, Sam. LEED certification is here to stay. Business Journal. [Online] August 10, 2007. [Cited: January 2009, 
2007.] http://www.bizjournals.com/twincities/stories/2007/08/13/focus1.html. 

 

25 NAHB Model Home Green Building Guidelines. 2006 
http://www.nahbgreen.org/content/pdf/nahb_guidelines.pdf 

Figure 4: Standards. 
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Model Codes 

The ICC publishes energy 
efficiency model codes. The ICC’s 
most current published standard is 
the IECC 2006. A home built 
according to the IECC 2006 has an 
Index number of 100. The 2009 
IECC has not yet been published. 
Several different organizations 
have begun predicting the 
difference between the 2006 IECC 
and 2009 IECC knowing that the 
2009 IECC will require additional 
regulations such as duct sealing.26   
At the 2008 ICC Final Action 
Hearings, in September 2008, the 
DOE speculated that a home built 
according to the 2009 IECC will use 
15 to 20 percent less energy than a 
home following the 2006 IECC.27 
However, four months later, the 
Energy Efficient Codes Coalition 
(EECC), predicted in the “ICF’s 
Analysis of the Energy Savings 
achieved by the 2009 IECC” that 
the 2009 IECC will only decrease 
energy use in a home by 12.2 
percent compared to the 2006 
IECC.28

 

  

 

 

                                                           
26 Program Highlights from August/September 2008. DOE. [Online] October 29, 2008. [Cited: January 6, 2009.] 
http://www.energycodes.gov/whatwedo/highlights.stm. 
27 Program Highlights from August/September 2008. 
28 ICF’s Analysis of the Energy Savings achieved by the 2009 IECC. [Online] 
http://www.thirtypercentsolution.org/solution/ICF-data.pdf. 

Figure 5: Model Codes. 
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A Manufactured home:  
1) Is built in a factory. 
2) Meets size specifications. 
3) Remains on a permanent 

chassis.33 
 

Codes 

Federal Codes 

The Department of Housing and Urban Development 
regulates the energy efficiency requirements for manufactured 
housing through CFR 3280, known generally as the HUD-code. 
The HUD-code is the only federally regulated building code associated with residential building. Before 
2005, HUD last revised and reviewed the energy efficiency regulations for manufactured housing in 1987 
and published standards, the Manufactured Home Construction and Safety Standards (MHCSS), in 
1992.29 Although concrete data does not exist about the Index number for manufactured homes, the 
Index number is estimated to be 
above 100.30

Because of many advances 
in energy efficiency technology in 
the past decade, in 2005 HUD 
began revising the HUD-code by 
considering cost effective energy 
efficiency measures.

 

31 In 
compliance with the Energy and 
Security Act of 2007, Congress has 
required the HUD-code to be 
updated by 2011. The new 2011 
HUD-code is expected to be 
equivalent to the 2009 IECC. 
However, the HUD-code will 
exclude all energy efficiency 
measures from the 2009 IECC that 
are deemed cost ineffective.32

                                                           
29 C.C. Conner, R.G. Lucas, H.E. Dillon, M. Lubliner. Revision of the Energy-Efficiency Requirements in the 
Manufactured Home Construction and Safety Standards. Pacific Northwest National Laboratory. [Online] June 
2004. http://www.pnl.gov/main/publications/external/technical_reports/PNNL-14458.pdf. 

  The 
energy efficiency of manufactured 
housing is therefore estimated to 
increase by about 15 to 20 

30 Chaser, Dave. “ICC and Manufactured Housing.” E-mail to Joseph Hagerman. 23 Jan. 2009. 
31 C.C. Conner, R.G. Lucas, H.E. Dillon, M. Lubliner. 
32 US Department of Energy Beginning Development of Energy Efficiency Standards for Manufactured Housing. 
DOE. [Online] July 2008. [Cited: ] http://www.energycodes.gov/codedevelop/mfg_hou 

 
Figure 6: Federal Codes. 
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Figure 7: State Codes. 

 

percent, earning an Index number between 80 and 85.33

State Codes 

 

Without federal building codes, each state abides to separate regulations. As Figure 4 
exemplifies, state codes range greatly in stringency. While California has recently adopted Title 24, 
which is estimated to be 30 percent more energy efficient than the 2006 IECC, the states of Illinois, 
South Dakota, Tennessee, and Wyoming have not adopted state-wide energy regulations.34 It should be 
noted that in many cases local, city or county governments adopt and enforce energy codes.35

                                                           
33 The HUD-Code. Manufactured Housing Institute. [Online] 
http://www.manufacturedhousing.org/lib/showtemp_detail.asp?id=78&cat=1. 

 This 
localized nature of building codes contributes to the difficulty in discerning the actual energy efficiency 
of specific states’ buildings. 

34 Program Highlights from August/September 2008. DOE. [Online] October 29, 2008. [Cited: January 6, 2009.] 
http://www.energycodes.gov/whatwedo/highlights.stm. 
35 State of the States Building Codes. 
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Guidelines 

The Department of Energy (DOE), the Environmental Protection Agency (EPA), and the US Green 
Building Council (USGBC) have all founded voluntary programs to promote the construction of energy 
efficient buildings. These programs are often followed, in addition to building codes, to increase the 
overall energy performance of a residence. 

THE DEPARTMENT OF ENERGY 

One of the DOE’s longest building energy efficiency programs is the Building America program. 
By working with private organizations, DOE researches the best and most cost-effective energy 
efficiency techniques. Building America’s latest objective is to reduce the energy use of all homes by 40 
to 100 percent.36

Another program from DOE is the Builders Challenge initiative.

  A home that fulfills the Building America goals therefore earns an Index number less 
than 60. 

37  The Builders Challenge 
encourages homeowners to decrease energy use by 30% to earn an Index number of 70.38 The Builders 

Challenge promotes “the use of market-tested and cost-effective energy efficiency strategies” such 
as improved caulking and insulation. 39

THE ENVIRONMENTAL PROTECTION AGENCY  

 

Similar to the DOE’s Builders 
Challenge, the EPA’s Energy Star program 
promotes home energy efficiency 
improvements by replacing old appliances, 
caulking, windows and insulation.40

                                                           
36 Building America. [Online] http://www1.eere.energy.gov/buildings/building_america/. 

 The 
required Index number to be considered 
an Energy Star home depends on the 
location of the construction project. To 
qualify as an Energy Star building in the 
IECC’s mild climate zones 1-5, as shown in 
Figure 6, a home must earn an Index 

37 Builders Challenge. DOE. [Online] May 20, 2008. [Cited: January 6, 2009.] from 
http://www1.eere.energy.gov/buildings/challenge/about.html. 
38 Builders Challenge. 
39 Builders Challenge--Recognizing Energy Leadership in Homebuilding. [Online] 
http://www1.eere.energy.gov/buildings/challenge/pdfs/bc_faqv3.pdf. 
40 What's a HERS score. 

Figure 8: IECC Climate Zones. Used by DOE and USGBC. 
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number of 85.41

US GREEN BUILDING COUNCIL 

  To qualify as an Energy Star building in the IECC cold climate zones 6-8, a home must 
earn an Index number of at least 80.  

Another popular energy efficiency initiative is the USGBC’s Leadership in Energy and 
Environmental Design (LEED) for Homes program. The USGBC’s program differs from other energy 
efficiency initiatives because certification is earned by following a set of prerequisites. The more 
prerequisites followed, the more points earned. LEED for homes considers several building components, 
including energy efficiency, water usage, and site orientation. 42

A home at minimum needs a HERS Index number of 85 to be considered for LEED certification. 
Exceeding an Index number of 85 earns a home more LEED points, as displayed in Graph 1. A home with 
a HERS Index of 60 earns about 15.0 LEED points, while a home with a HERS Index of 0 (a zero energy 
home) earns 35.0 LEED points. 

 

43 A 2008 study demonstrated that an average LEED certified home is 30 
to 60 percent more energy efficient than an average home. 44

                                                           
41 What's a HERS score. 

 

42 LEED for Homes. US Green Building Council. [Online] http://www.usgbc.org/ShowFile.aspx?DocumentID=3936. 
43 LEED for Homes Rating System. January 2008. 
http://www.greenhomeguide.org/documents/leed_for_homes_rating_system.pdf 
44 Energy Performance of LEED for New Construction. http://www.usgbc.org/DisplayPage.aspx?CMSPageID=77.  

Figure 9: LEED Points vs. HERS Index Number. 43 
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Figure 10: Summary of Popular Voluntary Guidelines and Initiatives 

 

 

ARCHITECTURE 2030 

Architecture 2030 is an organization dedicated to decreasing the negative impacts of climate change 
by focusing on improving energy efficiency building codes. Architecture 2030 advocates for codes that 
by:  
 2010 are thirty percent below code (below IECC 2006). 
 2016 are fifty percent below code.  
 2022 are seventy five below code.  
 2028 are carbon neutral. 45

                                                           
45 Testimony of: Mr. Edward Mazria Founder and Executive Director 2030, Inc. / Architecture 2030. February 26, 
2009. http://energy.senate.gov/public/_files/MazriaTestimony022609.pdf 
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Summary 

A compilation of all the building model codes, codes, and guidelines is important for comparison 
purposes.  

Figure 11: HERS Index with Model Codes, Codes, and Guidelines. Model codes are in purple, codes are in red, and 
guidelines are green. 
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Conclusions and Suggestions 

START USING A COMMON METRIC TODAY 

              As this study on the HERS Index demonstrates, there currently exists a wide variety of standards, 
model codes, codes, and voluntary program relating to energy efficiency in the United States. With so 
many options for home owners and contractors, it is necessary that the use of a common metric 
becomes a norm in the building industry. Using a common metric will: 

1) Help all parties understand the effectiveness of US energy efficiency programs and identify 
where further development is needed. 

2) Allow homeowners, engineers, contactors, and architects find and follow optimal building 
efficiency programs during construction. 

3) Encourage productive competition between organization and thus the creation of more 
progressive energy efficiency programs. 

4) Promote the overall use of more sustainable building practices. 
5) Help decrease the building industry’s large contribution to green house gas production and 

climate change. 

            In the following centuries, the performance of new US building stock must, and will be forced to, 
improve significantly. The creation of new energy efficiency program is inevitable. To help solve national 
environmental, safety, and security problems and avoid unnecessary confusion, organizations must 
immediately start contributing and using a common comparison tool.  

USE THE HERS INDEX 

             RESNET’s HERS Index is a viable and useful metric tool ready to be used today. Some of the 
advantages of continuing to use the HERS Index are 

1) No additional research and development, and therefore money, is needed. 
2) The HERS Index is ready for immediate use by organizations. 
3) Many, although not all, building organizations already compare and calibrate their own 

programs according to the HERS Index. 
4) The metric has been used since the 1980s.46

5) The building industry and personnel who would use the HERS Index on a regular basis are 
already familiar with the tool. 

 

6) Software to calculate a home’s energy use is already developed. 

 

 

                                                           
46 History of RESNET. http://www.resnet.us/about/history.htm.  

http://www.resnet.us/about/history.htm�
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BALANCE STATE AND FEDERAL RIGHTS TO CREATE OF OPTIMAL BUILDING PRACTICES   

              Although the lack of a federal residential building code adds greatly to the complexity of the US 
building system, it is vital to respect states’ rights and sovereignty. Allowing each individual state to 
adopt separate energy code allows for the continual progression of safer and more stringent energy 
efficiency measures. If all states had to follow the same code, states, such as California and Oregon, 
would not be as progressive. It is imperative that these states take the lead in energy efficiency 
programs because it eases the future adoption of progressive energy codes in subsequent states. 

              At the same time, there needs to be minimum energy efficiency compliance across the board. To 
insure the safety and health of occupants, all states need to start adhering to the standards set by the 
2006 IECC. Currently a variety of states, all with different climate, geographical and monetary priorities, 
have mandated the 2006 IECC. 47

 

 From Nevada to Massachusetts to Louisiana, these states have shown 
that the adoption of a stringent energy efficient code is possible anywhere. Because buildings are the 
greatest contributor to green house gases in the US, steps need to be taken to instate mandatory 
minimum energy codes.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
47 State of the States’ Energy Code. 
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