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DISCLAIMER

This guide is based on information obtained during the 1998 and 1999 calendar years. Certain
information, particularly web site references and specifics of the local builder programs featured in the
guide, are likely to change. Any references to costs or cost premiums should also be used with care.

Although the information in this guidebook is believed to accurately represent the current state of the
art, neither the U.S. Environmental Protection Agency, nor the NAHB Research Center, nor any of their
employees or representatives makes any warranty, express or implied with respect to the accuracy,
effectiveness, or usefulness of any information, method, or material in this guidebook, nor assumes any
liability for the use of any information, methods, or materials disclosed herein, or for the damages
arising from such use.

Given the nature of any program which certifies or qualifies a particular product under certain standards
of content, operation, or performance, the Research Center strongly recommends that any party seeking
to use this guide in the development of a program seek legal counsel to protect the interests of both the
organization and its members.
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OVERVIEW

Green building is the design, construction, and operation of homes according to resource-efficiency
standards for energy, water, building design and materials, and indoor air quality. In 1991, there was
one local program in the United States giving market recognition to green builders and their homes—
the city of Austin’s Green Builder program. In 1998, there were at least seven new programs up and
running with many more under development. There is strong growing interest among builders,
environmental organizations, and local governments in tapping existing and developing new market
demand for more resource-efficient homes. In addition, there is a growing awareness that the key for
tapping or developing this demand is linking resource efficiency to:

e lower operating costs — homes that use less heating/cooling and use less water have lower
monthly utility bills. Also more durable building components reduce upkeep and replacement
costs.

e increased comfort — homes that are resource-efficient have more even temperatures throughout
the home, with less drafts and better humidity control.

e lower maintenance — in most families today, free time is a precious commodity—Ilawns that
require less weeding/watering and decks that require no sealing/staining are more than welcomed.

e increased resale value — more and more homeowners are reporting better selling value with
documented lower monthly utility bills.

e improved environmental quality—in and out of doors — builder attention to moisture control
construction details, low VOC paints, and air exchange/filtration can contribute to a more
comfortable and healthy indoor environment. Builder attention to overall resource-efficiency can
contribute to a better local environment.

With this interest and demand comes the need for accurate and complete information on the numerous
ways that the design, construction and operation of homes can protect or enhance environmental
quality. Local organizations need to know how to develop successful programs. Home builders need
to know building options to consider as well as the feasibility, benefits, and relative costs of these
various options. Home buyers need to be made aware of the advantages of resource-efficient homes.

This green builder program guide is designed to address these needs. There is enormous opportunity
in these programs to protect both national and local natural resources and use the marketplace to
demonstrate real value to both builders and buyers. The guide has been developed primarily for home
builder associations (HBAs), but also for individual builders and other parties (e.g. local governments
who want to work with HBAs on a program).

Developing a local program that distinguishes and promotes resource-efficient development, design,
and construction is a big undertaking. With funding from the U.S. Environmental Protection Agency,
the NAHB Research Center has developed this guide for builders, HBAs, and other interested parties
to aid in the development of a local program.

This guide was developed through:

1. An extensive review of the existing local green builder programs, primarily HBA programs, but
including several municipal programs. All but one of the programs are voluntary and market-
driven (Appendix A is a summary profile of six programs endorsed or developed by a local HBA).



2. The development of the Greater Atlanta HBA’s green builder program. A draft of the guide was
used by the HBA program development committee.
The guide has two primary sections:

1.

Steps - The basic eleven steps required to develop a program; a how-to manual for the structure
of a program.

Template - A guide on what to put into a green builder program; a how-to manual for the
contents of a program. This section of the guide will be converted into a software package. The
software package will add features such as the following:

a. Program development committees can “build” (cut and paste) their program content areas
and checklists from an electronic template.

b. Once developed, the local checklist can be distributed to participating builders
electronically. Builders can learn the program from the electronic checklist and track their
individual project’s compliance.

c. The checklist can be organized according to content areas—energy, water, indoor air
quality—or job sequencing—foundation, framing, finish. The electronic version will allow
the user to “toggle” back and forth between organizations. This flexibility meets the needs
of both builders and buyers in working with specific green building features. The
organization according to job sequencing is particularly important in encouraging builders
to take a more systematic approach to green building.

d. The electronic format also permits the layering of information. This makes the total
amount of information more manageable and accessible.

Here are a few quick points to consider before working with the guide:

1.

2.

Terminology - People can have trouble with the term “green” building—it has a lot of different
meanings and associations. It is used here as the quickest and easiest term to describe resource-
efficient or environmentally-sensible construction practices, systems, materials, and building
operation.

Scope - The focus of this guide is currently new residential construction. It touches on the
larger issue of land development and recognizes the potential and importance represented by
remodeling but mainly deals with issues relating to construction of a new home on an
individual plot of land.

Context - This guide should be used taking into consideration the structure of your local home
building industry and with the appropriate level of recognition for local as well as national
environmental issues.



STEPS IN DEVELOPING A GREEN BUILDER PROGRAM

Introduction

When a home builder association or other local organization decides to investigate the development of
a green builder program, the first steps are the most important. If the right information is collected and
if the implications of early choices are considered, the chances of achieving a well-designed and
meaningful program are enhanced.

The steps suggested below are generally sequential but some items may require simultaneous action.
At the beginning of any project, there can be a “chicken-and-egg” phenomenon in which it seems as
though it’s hard to know where to start on one issue without implications for another. As you follow
the steps below, notice is given for actions or issues that may be tied to other elements or features of
your program and its development.

Although this guide has been developed primarily for use by home builder associations, other
organizations interested in developing programs that promote resource-efficient construction will find
it useful as well. The important point to remember is that the most effective programs are those in
which both the target industry and local government have significant buy-in from the beginning of the
project. If you are using this guide and your organization is not an HBA, be sure that members of the
building industry are involved from start to finish. As the steps below suggest, HBAs using this guide
should consider, seriously and early in the process, the role that local government can play in program
development.

Program development is broken down into eleven steps. Details for each step follow the summary list
presented below.

STEP ONE: Determine member and home buyer interest in/basic knowledge of green building.
STEP TWO: Establish a developmental committee.

STEP THREE: Set objectives of the program.

STEP FOUR: Determine program partners.

STEP FIVE: Determine program coverage.

STEP SIX: Discuss structure of the program budget.

STEP SEVEN: Consider the role of existing programs.

STEP EIGHT: Determine the certification or approval process.
STEP NINE: Discuss and establish program resources and activities.
STEP TEN: Establish key elements of program structure.

STEP ELEVEN: Create program content items.

NOTE: These steps are the result of a review of existing local green builders programs. Six of the
programs are summarized in Appendix A, contact information for eight programs is listed in
Appendix B, and sample program checklists are included in Appendix C.



STEP ONE: Determine member and home buyer interest in/basic knowledge of green building.

You are probably investigating a green builder program in response to interest from members and/or a
local government agency. The HBA will want to know how important this issue is to builder and
associate members and the builder members will want to know how important the issue is to their
clients. The feedback you will be looking for is a combination of the level of interest in, awareness of,
and subject knowledge on green building or resource-efficient construction.

NOTE: 1t’s important to recognize the differences among interest, awareness, and subject knowledge.
Quite often consumers demonstrate interest and some awareness of environmental issues, but make
little connection between these and the home building and buying process. If this is true, then a
marketing campaign becomes an educational campaign. Educational campaigns can be the shared
responsibility of any number of entities including industry groups, government agencies, foundations,
and environmental organizations.

There are two basic mechanisms for getting feedback from builders and home buyers— focus groups
and surveys. Each have been used by home builders associations in testing the waters for a green
builder program.

Focus groups - A focus group is a qualitative market research tool used to gain information and
insight on the attitudes, motivations, perceptions, and decision-making processes of a select
group. The group normally consists of eight to ten people selected for certain attributes:
occupation, expressed interest, level of education, etc.

The keys to a successful focus group are a clearly defined agenda and a professional moderator.
Sessions can be audio and video-recorded for later review. The cost to set up, conduct, and
analyze one 2-3 hour focus group can run from $4,000 to $10,000. See Appendix D for the
guide to and results of focus groups conducted by the Research Center and the HBA of Greater
Atlanta. While some of the issues covered were particular to the Atlanta market and
environment, much of the information is relevant to any HBA interested in designing their
program to meet or create market demand.

Builder surveys - HBAs have used general membership meetings, fax, mail, and telephone
interviews as methods of obtaining completed surveys. General membership meeting surveys
are by far the least expensive but limit the range of responses to a group generally much
smaller than total membership. Fax and mail surveys cast a much wider net. Care must be
taken to keep the survey short enough to enable builders to complete it quickly but substantive
enough to enable the organization to get back useful information. Phone interviews can be the
most useful because they encourage feedback that doesn’t fit the confines of the survey
questions. Phone interviews are, however, time-consuming for both the builders and the
interviewers and confining because they often require prior scheduling of the interview. See
Appendix E for a copy of and results from the Greater Atlanta HBA’s builder survey.

Home buyer surveys - The key to a home buyer survey is to identify a forum or vehicle that
targets this particular consumer group. Two successful approaches include in-person
interviews at a home show event and a written survey run in the home section of a local
newspaper.




The HBA of Central New Mexico used a Home Showcase event to conduct in-person
interviews with 250 potential home buyers. Conducting an exit survey at a home show event
effectively targeted the survey to potential home buyers. The survey was developed,
conducted, and analyzed by a professional business information group, for approximately
$1,100.

The HBAs of Kitsap County and Clark County also administered surveys at home show events.
The surveys were developed by the program consultant and conducted by HBA and local
government volunteers at the HBA show booths.

The Greater Atlanta HBA made arrangements to run a full page survey in the home section of
the Sunday edition of the Atlanta Constitution. The completed one page survey was mailed or
faxed back to the HBA. See Appendix F for a copy of the survey and a summary of the results.

Surveys of builders and home buyers can accomplish two things. They give valuable
information from the direct results and they get the word out to individuals, firms, or agencies
that might contribute to the development of your program.

STEP TWO: Establish a development committee.

The development of a green builder program involves plenty of decision-making regarding the
objectives, scope, financing, and structure of the program. The make-up of the committee (builders,
remodelers, developers, associate members, outside organizations) needs to be broad enough to include
any and all directions the program might take. On the other hand, it’s important that the program
development maintain a focus that is reasonable given the program objectives and resources available.
It’s easy to see how this step is closely linked to several other steps, particularly Steps 3 and 4.

Consider the following entities in committee membership:

1.

.0\

Builders. It’s important that your committee include a range of builders—small custom, medium
production, and large volume builders. Differences in methods of construction, management,
financing, product selection, and marketing can all have a significant impact on program structure
and content.

Remodelers. Even if you are unsure if your program will initially cover remodeling, it is
important to have this perspective during early planning stages.

HBA Leadership. It is essential that HBA leadership be directly involved through membership on
the development committee or be indirectly involved through regular briefings. HBA leadership
commitment to the program will in this way be cultivated or maintained.

Local government. HBAs have worked with local departments of energy conservation, public
works, solid waste, and pollution prevention taking advantage of both their financial and technical
resources. As discussed below and in Step 4, the timing and level of local government
involvement can be important to program development.

Lender(s). Financial incentives for both home buyer and builder participation in the program are a
key part of the program—at least one lender should be involved in program development.
Realtor(s). The realty community can play an important role in the marketing of any program.
Associate members. Distributors, trade contractors, and local product manufacturers can be
important sources of technical information and funding support.



8. Environmental building professional. Even with the assistance this guide provides, nothing can
replace local experience in resource-efficient design and construction. Seeking out a consultant to
provide technical support to the committee is particularly important if the committee lacks builder
members with field experience in this arena. Depending on the availability and expertise of HBA
staff, a consultant can also supply project management.

There are two basic approaches to establishing a development committee.

1. One is to start with a core group of approximately six HBA members (primarily builders) and staff
who will be needed to review subsequent steps before decisions are made to expand the
development committee to outside organizations. This early work by the builder development
committee will help to ensure that the eventual make-up of the committee includes the right mix of
perspectives and resources. This start-up committee will probably limit its role to establishing
initial program objectives and scope before moving on to expand the committee.

2. The second approach is to include at least one outside organization from the very beginning
because of resources and a level of common interest which the group or groups bring to the table.
This raises the issue of partners in program development as discussed in Step 4.

STEP THREE: Set objectives of the program.
There are lots of reasons for establishing a green builder program:

1. To Acknowledge and promote existing builder practices that represent resource-efficient or
environmentally-friendly construction.

2. To Encourage and reward the use of new or additional builder practices that represent
resource-efficient or environmentally-friendly construction.

3. To Satisfy existing and/or create new market demand for resource-efficient or
environmentally-friendly construction.

4. To Improve existing or establish productive new relationships with select local and state
government agencies.

5. To Educate builders and home buyers with meaningful, comprehensive, and practical
information about the impact home building can and does have on the environment.

6. To Shape the public debate and regulatory agenda on local environmental issues.

Several of the HBAs with green builder programs have stated that one of the most important program
benefits has been the good will generated with the public in general and some local government offices
specifically. A green builder program represents the opportunity for both private industry and
government to demonstrate cooperation and consensus, building public support for both.

It’s important for the HBA and the development committee to discuss and establish the program
objectives in the early stages of program development because the objectives have a significant impact
on everything that follows. It can also be important to prioritize the objectives because this can
significantly affect the structure of the program. It’s not uncommon for groups excited about a new
program to want to dive into the nuts and bolts of how the program will look and work and give only
passing recognition to setting objectives, a generally much less interesting task. Time spent early on
establishing program objectives can save time and avoid problems when the program hits the streets.



STEP FOUR: Determine program partners.

The decision to include outside organizations in the development of the program is often based on one
or more of the following three factors: credibility, control, and financial resources.

1.

Credibility - A stand-alone program, regardless of whether it is developed by an HBA, an
environmental organization, or a government agency, takes on the added challenge of convincing
the public and outside parties with a vested interest that the program is substantive and objective.
Generally, programs that contain an element of public/private partnership have greater credibility
and receive more supportive media coverage than stand-alone programs.

Control - The trade-off often made when a program involves two or more organizations is one of
control. It is likely that the enhanced credibility of a partnership brings with it some compromise
or accommodation in the objectives or how they are prioritized. This is why initial discussions
regarding objectives can be important when seeking the right partners in program development.
Financial Resources - Although the costs of starting and running a program are discussed later,
they usually include HBA staff time, production of educational and marketing materials, and
consulting services (marketing, surveying, environmental building consulting). The resources of
each HBA and the goals of the program will determine how important partners with financial
resources are to program development. Program development costs are discussed in detail in
Step 6.

Listed below are entities to consider when seeking partners.

1.

4.

Government agencies - A variety of local or state government agencies or departments may be
interested in contributing to the development of a local green builder program including those in
the following areas: energy conservation, environmental quality, planning, solid waste, and
building inspection. Consider that the contributing entity may want to create a focus on the
particular environmental issue in which the office or agency is engaged. Another important
consideration when working with government agencies is the substantial time and effort required if
you are seeking grants or other forms of financial support.

Building product manufacturers - While local distributors and suppliers are quite often participants
in local HBA programs as associate members, there may be major product manufacturers willing to
be major financial sponsors of a local green builder program. It is important to discuss with
product manufacturers any expectations they may have for featuring particular products as a part of
their sponsorship.

Public utilities - Many public utilities have existing programs that may gain greater prominence or
acceptance by builders if incorporated into a comprehensive HBA program such as a green builder
program. Rather than the utility interpreting the development of an HBA program as a potential
competitor to an existing utility program, the utility is invited to enhance its existing program
within the umbrella of the new program. This is particularly important as imminent deregulation of
the industry increases pressure to support only the most cost-effective programs. It is important to
establish with the utility any desire the HBA has to keep the program fuel-neutral for their builder
members.

Non-profit organizations/foundations - Non-profit organizations with an investment in local
environmental issues and or the local home building industry can make good partners in the
development of a green builder program. These organizations often have strong positive
relationships with both the media and environmentally-related government agencies.




With the development committee and program objectives established, information on member and
home buyer interest and attitudes collected, and initial financial resources identified, details of the
program’s structure can be addressed.

STEP FIVE: Determine program coverage.

There are four types of HBA members that a green builder program can cover: residential builders,
remodelers, light commercial builders, and land developers. Which groups are covered depends on the
ease of program design and implementation as well as member interest and demand.

1. Residential builders - The easiest portion of the program to develop is for residential builders and
generally, this is the largest segment of non-associate membership. The programs we reviewed
were all designed to cover or certify builder’s individual projects, not the builders or their
businesses.

2. Remodelers - Because remodeling projects vary so widely in scope and type, certifying remodeling
projects is difficult. It is possible to tailor requirements for standard major remodeling projects
(kitchens, baths, whole house renovation, additions) but handling smaller projects (re-roofing,
window replacement, add-on decks) may not be feasible. Some programs are investigating
certification of remodelers rather than their projects based on required training and a code of
principles, enabling a remodeler to claim and demonstrate aspects of green building in all or most
projects. Other entities to consider under remodeling include specialty contractors—siding,
windows, insulation retrofit, roofing, painting. While their incorporation into a program presents
additional challenges, in almost all markets they represent a substantial portion of total remodeling
activity.

3. Light commercial builders - Since many HBA members are engaged in commercial light-frame
construction, programs can be designed to include these projects as well. Adjustments to the
program criteria for light commercial projects can reflect the differences in code for commercial
buildings such as HVAC requirements and fire safety. While commercial green building standards
have been developed by the U.S. Green Building Council (a rating system entitled LEEDS -
Leadership in Energy and Environmental Design Sustainability), the LEEDS program is more
suited to larger commercial buildings.

4. Land developers - Developing a program for land development involves issues such as local
planning, zoning, storm water management, infrastructure standards, and transportation systems.
Addressing these issues may require significant changes in regulations, ordinances, and master
plans, as well as long-term political and educational efforts. Several of the existing green builder
programs initially did not include elements or an entire section on land development for the above
reasons, but do plan to use the green builder program over the long term to address growth issues.

STEP SIX: Discuss first year budget and structure of program fees.

The first year budget of a green builder program involves the costs of development and
implementation. Most of the development costs are labor related—staff, HBA members, and possibly
consultant(s). Implementation costs can be largely the hard costs of printing materials, planning
events, and promotion. The table below, in broad categories, describes the costs of several of the
existing green builder programs.



Table 1 - First Year Budget for Green Builder Programs

Features Range of approximate cost in dollars or hours
Hard costs Kitsap Central | Denver Atlanta
New (projected)
Mexico
Advertising $ 4,000 $30,000 $0' $30,000
Builder/consumer surveys/focus groups $ 500 $1,100 N/A $ 2,000
Marketing materials (logo, ad slicks, yard $ 7,000 $ 7,500 $ 8,000 - 25,000
signs, certificates, plaques, etc.) $10,000
Builder handbooks $ 3,400 $ 750 $ 500 $ 500
Hard Cost Subtotal $14,900 $39,350 § 8,500 - $57,000
$10,500
Labor**
Program development (HBA staff) $ 6,200 (320 hrs) (200 hrs) (300 hrs)
Program development (consultant) $24,500 480 hrs 100 hrs $25,000
Event planning (staff) $0 160 hrs 100 hrs? $250 per
Total $45,600 ~$57,000 | =$50,000 | =$98,000
Field checks (independent inspector) N/A N/A $350 per $250 per

**NOTE: These labor numbers are for existing programs that did not have the benefits of this guide.
This guide can result in significant savings in both staff and consultant labor.

Here are some general rules of thumb taken from the existing green builder programs:

1.

2.

At least initially, the programs are not set up as revenue generators—the goal is to make the
program revenue-neutral after the first or second year.

Staff time to develop and administer the program is often not specifically allocated to the program
budget. Staff is under direction as to the portion of their time to invest in development,
implementation, and then ongoing administration of the program. The total staff investment during
the first year of program development averaged around Y:- to ’2-time for one person.

Program membership fees are often set up to cover only the hard costs of the program—printing
materials, signs and, conducting spot checks. Not including advertising and staff time, program
hard costs average around $10,000.

Advertising costs often are set up to be covered by project sponsorships. This is reflected in the
wide range of advertising costs in the first year of the programs.

It takes a substantial amount of time to gather and present background information on the content
areas of the program into an HBA library and/or a builder’s handbook. Before investing time and
money in either, check with builder members likely to enroll in the program on which vehicle they
think will be most useful.

Even before specific features of the program have been established, however, answers to the following
questions can help in determining program structure:

1.
2.
3.

Are enrollment fees to builders annual and/or per project?
Are builder member fees tied in any way to builder volume?
Can a builder pay more to be a founding member and receive a sponsor-level of recognition?

' The Denver program included no advertising in its first year but with its partner, the Governor’s Energy Office, spent
$75,000 in the second year.



4. Can associate members (architects, subcontractors, building material suppliers, lenders) join and
how do their fees compare to builders?

5. What is the cost of being a program sponsor or partner, and is there a limit to the number of
sponsors or partners?

Existing programs report the following range of fee structures:

Annual fee for builders: $50 - $295 (HBA members) $250 - $750 (non-HBA)
Per project fee for builders®: $50 - $75 (HBA members)  $50 - $150 (non-HBA)
Annual fee for associates: $250 - $295

Program partners or sponsors: $10,000 - $50,000

STEP SEVEN: Consider the role of existing programs.

The development committee should compile a list of existing local, regional or national programs
which may relate to the green builder program. These programs may be HBA, NAHB,
federal/state/local government, local environmental, or utility programs. Some examples include:

EPA Energy Star (energy program)

Edison Electric Institute E Seal (energy program)

Home Energy Rating System (HERS) (energy program)

American Lung Association’s Health House (indoor air quality program)

NAHB/KAB Build America Beautiful (waste management program)

Good Cents EarthChoice or Environmental Home (energy & resource-efficiency program)

It is important that builders who already have an investment in an existing program be given credit
within the new program. This guide comes with a fairly strong recommendation to include or even
feature a voluntary energy-efficiency marketing program such as Energy Star because of the significant
and distinct advantages to builders and home buyers that the programs can bring. See the Energy-
Efficiency Overview section of this guide for a more complete discussion of this issue.

NOTE: In 1998, the U.S. Department of the Treasury began working on a proposed residential energy
tax credit. The tax credit would apply to homes that meet energy-efficiency criteria—the criteria have
yet to be determined. In 1998 as well, the State of New York drafted an act to create an income tax
credit for the construction of environmentally—sound buildings. The act only applies to commercial
buildings and multi-family residential greater than 20,000 square feet. It’s important for local green
builder programs to keep abreast of initiatives such as these and to determine if advocacy for or
participation in the development of such initiatives is in the building community’s best interest.

STEP EIGHT: Determine the certification or approval process.

There can be two elements to the process of certifying participants in the program: an initial agreement
and project-by-project certification. Some programs have a fairly formal contractual agreement for

2 The municipally-run program in the city of Austin, TX has no annual or per project fees.
? The Denver program discounts per project fees for large projects within a single-builder community.
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members of the program that states the rights and responsibilities of both the member and the
administrator of the program. Typical elements of these agreements include:

Builder Member

Pay dues (annual and project)

Enroll minimum # of projects

Permit use of builder name in program

Be responsible for compliance

Provide random access to projects for spot verification
Limit use of program materials to enrolled projects
Fairly represent & document compliance to home buyer

Program or Administrator

e Provide technical support/training

e Promote program to general public

e Promote program to realtors/suppliers/builders
e Provide stated materials (e.g. yard signs)
Establish grievance process

Maintain records/process applications

e Provide financial oversight

Most programs have started out with a self-certification process for builders and their projects with an
agreement that the program has the right to randomly check any project’s compliance to program
criteria.

NOTE: The incentive for builders to comply with self-certification comes from the explicit contract
they have made with the program and the implied commitment the builder has made in the
representation of the home to the home buyer. This latter commitment can be made more powerful or
better defined by requiring that the builder provide a copy of the check list or record of compliance on
the project to the home buyer.

In areas with strong existing voluntary energy-efficiency programs, investigate their certification or
compliance process and see if it is compatible with objectives of your program’s certification process.
Certifications or inspections for the energy program may be expanded to include inspections for the
remaining green building compliance.

Over time, several programs have developed or are developing a system to at least spot check
compliance. The issue of validation is an important one in developing a program because of the
costs—third-party ratings or certifications alone can range from $250 to $500—and the liability—the
program administrators and/or sponsors are potentially exposed for the responsibility of homes which
do not meet the criteria claimed in the representation or certification.

Consider the following in the establishment of a verification system:

1. Check to see if a third-party verification firm—building consultants, non-profit building
organization, local university housing program—is available in your area.
2. Determine whether certification inspections can be accomplished in one or more site visits.
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Determine whether inspections will include testing such as a blower door or duct blast (see Energy
section of template for further discussion).

Determine who will pay for initial inspections and re-inspections for homes that do not comply.
Decide whether failure of one randomly selected home will trigger additional inspections.
Determine who will review the merit of write-in items submitted on individual projects.

STEP NINE: Discuss and establish program resources and activities.

There is a wide range of resources and activities to be considered in the development of a green builder
program. The following list highlights the most significant resources that can be offered to builders.

Resources

1.

Builder Handbook - Most existing green builder programs have a handbook which builders receive

when they enter the program. Most are in the form of a 3-ring binder, making changes and updates
easier. Some handbooks are designed to be an introduction of the program to the builder, some are
set up as a marketing tool for the builder to use with clients, and some are meant to be an extensive,
detailed reference and educational tool for the builder. The most common elements of the
handbooks are the following:

e Summary checklist - This is a checklist all of the items described in one-line phrases on
one or two pages. This summary sheet is often the same as the record of compliance that a
builder will complete for each qualifying home or project.

e Detailed item descriptions section - Although some or many of the items may require
little elaboration for builders, others may require detailed examples or instructions. This
can be accomplished by including lots of details in the handbook or by including specific
references that are part of the program resource library as discussed below.

e Resource section - The implementation of many program items requires contact or outlet
information. Because this is the portion of the program that is the most subject to change
(e.g. add new companies, change contact personnel, update range of services), this
information is often kept in a separate section of the handbook.

NOTE: The elements listed above can be provided in a software package as presented in the second
part of this guide.

2.

HBA Resource Library - There is a balance to be struck between the amount and level of
information given to builders in the handbook and materials kept for builder use in the HBA
library. Some programs report that builders use little of the detailed information in the handbook
and prefer to seek out information and guidance on specific items in which they are interested.
Others report that builders like a reference that is thorough enough to be used as an independent
tool. The design and intent of the library and handbook may also be affected by the type,
frequency, and level of education/training that the program provides.

Newsletter - Several programs have a one-page newsletter that goes to all members on a regular
basis. The newsletter is used to announce upcoming events, to make members aware of updates on
the program, and to provide tips to builders on green building techniques.
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4. Website - More and more builder and associate members are on-line and the HBA web site can be

5.

used in place of or in conjunction with the newsletter to communicate with program members.
Promotional Materials - The specific materials that programs provide to their builders include yard
signs, ad slicks, logo stickers, brochures, certificates, plaques, and homeowner manual starter kits.
The yard signs tend to be the corrugated plastic type that run as little as about $3 apiece and are
durable. The brochures are generally 4- to 8-panel fold-out pamphlets for builders to give to
prospective clients. Certificates and plaques can be either for the builder to use in a home office or
for the builder to give to homeowners. Starter manuals for builders to give to home owners at
move-in generally include recommended operation and maintenance that is environmentally sound,
as well as suggestions for more benign cleaning and lawn and garden care.

Activities

Training - Training can be in the form of initial orientation and/or as an ongoing educational series.
Several programs have or are developing a builder training series to expose builders to the full
range of options available within the program. While some of the techniques or actions suggested
within the program may be straightforward or current practice for many builders, others may
require both classroom and hands-on education. Builder training is generally a part of the program
that is not well-developed during the first year but evolves in subsequent years as builder needs are
established.

Parade of Homes - Several HBAs have featured a green builder as part of a Parade of Homes or
even created a Parade of Homes devoted exclusively to green builder projects. Because of the
intensity of preparation which already exists for a typical Parade of Homes event, HBA staff
planning to incorporate a green building element should count on a substantial commitment of time
to the event, particularly in the first year. On the other hand, the general exposure and home buyer
education opportunities for a Parade of Homes event are enormous.

Community events - Any existing community event which focuses either on housing or the
environment provides an opportunity for the HBA to get the word out to potential home buyers
about the advantages of buying a resource-efficient home. The Denver HBA created a mobile
exhibit featuring many elements of their program for such events. The Central New Mexico HBA
is working on a green construction project with a local middle school to demonstrate to the children
just what is involved with resource-efficient construction. The Build a Better Kitsap program has a
booth that features resource-efficient techniques and materials in its construction. The booth is
used at home shows and other local events. Any event that involves the creation of an exhibit will
involve the costs of its construction as well as the costs involved in the set-up, breakdown, and
storage of the unit.

STEP TEN: Establish key elements of program structure

This step and step eleven are often considered together because of the impact they can have on each
other. The approach taken by the Atlanta HBA development committee is described at the end of this
step.

There are five basic decisions to make in setting up the structure of the content areas and individual
items of a green builder program: performance-based vs. prescriptive standards, number of levels,

types of requirements, weighting of items by points, and organization of content areas.
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1. Standards - Individual items in the program can be expressed as performance-based, prescriptive, or
a combination of both.

Performance-based standards are expressed in terms of the end product—the emphasis is on where you
end up, not how you get there. An example would be: “Increase efficient use of framing lumber by
10%”. The standard does not dictate how the improvement in framing efficiency is achieved but rather
sets an end to be achieved.

Characteristics of performance-based standards include:

1. The method and details of how a level of performance is achieved are left to the practitioners--the
builders--giving them more flexibility and encouraging ingenuity.

2. A baseline or conventional performance must be established for comparative purposes.

3. Comparing individual performance with the baseline usually requires a calculation system or
software program.

4. If the current local building code is used as the baseline, then areas of the green builder program
which are not addressed in the code may require establishing baseline for these areas.

Prescriptive standards are expressed in terms of the means used to achieve an end--the emphasis is on
how you achieve a desired outcome. An example would be: “Use at least three of the following
efficient framing techniques....”. The standard does not specifically address what is achieved but
focuses on specific ways in which the general objective of more efficient framing can be achieved.

Characteristics of prescriptive standards include:

1. The method and details of compliance are explicitly stated.

2. The system is generally simple and easy to use.

3. There is no need for an explicitly stated baseline or conventional practice.
4. There is no need for a system of calculation or software program.

In general, a performance-based approach can require more time and/or investment in the compliance
process than a prescriptive approach. A prescriptive approach requires carefully considered options
and language so that the simplicity of the system does not come at the price of relevance, feasibility, or
flexibility.

Some of the existing programs use a combination of both types of standards and most provide a range
of options that are prescriptive in nature but broad enough to provide builders with significant
flexibility. In general, prescriptive standards that are well thought out, expressed clearly, and
generated by a builder committee, have a good chance of being acceptable and useful to participating
builders.

2. Levels - Programs can be either “all-or-nothing” single-level or multiple-level programs.

With single-level programs, builders meet one point or item total to qualify projects in the
program. Single-level programs are generally set up for simplicity, both for the builder and the
buyer. The key with a single-level program is to set the bar high enough to make the certification
meaningful but not so high as to discourage builder participation. As an example of a single-level
program, see the Denver HBA Built Green®™ checklist in Appendix C.
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Multiple-level programs generally have three or four levels under which builder projects can
qualify their homes. Multiple-level programs are designed to accommodate and distinguish among
a wider range of builder projects. They are often set up to draw both builders and home buyers into
the concept of environmentally-sensible practices at the basic level and provide opportunities for
progression and education at the higher levels. For examples of multi-level programs, see the
Central New Mexico and Kitsap County HBA programs in Appendix C.

3. Requirements — Programs vary widely in both the extent and nature of requirements. All of the
programs have sought a balance between flexibility—with the attraction this has to participating
builders—and prescription—with the sense of standardization, substance, and credibility that this
establishes. The best way to describe the various ways that requirements can be handled is by
examples from existing programs. Program checklists for each of the programs discussed below are
presented in Appendix C.

City of Austin Green Builder Program — This program has a specific list of features that every
building project must exhibit to qualify. These are essentially minimum program requirements and
are called Basic requirements. The requirements ensure that every home in the program will have
at least a minimal number of material selection, energy-efficiency, indoor air quality, and water
efficiency items.

Build a Better Kitsap Program — This program has a “green codes” section. It “requires” that
builders meet the tough energy, ventilation, and water conservation regulations in the state of
Washington’s residential building code. Builders, of course, gain no points or advantage for these
code items but their inclusion in the program is a way of acknowledging that significant
environmental building features are already a part of the way homes are built in Kitsap County.

Denver HBA Built Green®™ Program — The Denver program gives builders the greatest
flexibility in qualifying homes with a requirement in only one program category, energy. Builders
must include a minimum of 38 other items from the checklist, but they need not be from any
particular category or in any particular distribution.

HBA of Central New Mexico Program — The New Mexico program is the most directive of the
programs reviewed. In addition to having basic requirements like the Austin program, the list of
specific required items in each program category increases with each level (the Austin program
simply requires more points in total for higher levels). Flexibility is achieved by permitting some
selection within category requirements and encouraging builder “write-in” items.

4. Straight item count vs. point-weighting - Programs can either treat every listed item with equal
weight or assign points to each item. The simplest approach is clearly to treat each item equally, in
essence giving each program item a value of one (See the Denver HBA Built Green™ program
checklist).

Points can be assigned to each item based on the relative difficulty or cost of an item, the relative
significance of the environmental impact of an item, or a combination of the two. In almost all cases,
the determination of points for items is accomplished by way of consensus among the members of the
developmental committee. This is primarily a qualitative process and some acknowledgment of the
decision-making process should be clearly stated in the program.
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5. Organization of content areas - The number, listing order, and selection of content areas are all a part
of how the program items are organized. Content areas can be organized by environmental issue, by
building system, or by CSI code/approximate chronology as the issues arise at the job site. With each
approach, a certain number of items can be difficult to place. Builders tend to be most comfortable
with an organization that follows the order in which the items need to be addressed on the job. To a
greater or lesser degree, all of the programs reviewed followed an organization based on environmental
issues.

The software approach suggested in the Overview provides the advantage of keeping two types of
organizations. Builders get the job sequence list that they find most useful in the actual construction of
projects and non-builders—home buyers, environmentalists, government officials—get the topics with
which they are familiar—energy conservation, water conservation, etc.

In any case, the content areas should be numerous enough to create distinct topic areas but not split to a
level that overwhelms the builder with the sheer mass of the program. The real art to developing a
program on a topic as potentially complex and far-ranging as resource-efficient construction is to keep
the program comprehensive and focused.

The Atlanta HBA program development committee took the following approach in determining the
key elements of their program.

1. Reviewed, discussed, and selected items from each content area. The committee used this review
to familiarize themselves with the overall meaning of each content area and the details of each
checklist item.

2. Reviewed, discussed, and selected existing programs around which their program would be built.
The HBA has a water conservation program, the Water Smart Home—an 18-item checklist
requiring 100 points out of a total 240—which they wanted to feature. They also selected the EPA
Energy Star Homes program as one way to meet energy-efficiency requirements of their program.

3. Selected program structure. The builders of the committee selected a single-level program with
checklist items of variable point value. They chose to establish no requirements for each content
area.

4. Established relative weight of content areas. The committee assigned relative weights to content
areas—e.g. energy efficiency weighted by a factor of 1.00, water conservation and indoor air
quality weighted .50, site planning and waste management weighted by a factor of .25, etc. The
weights were based on factors such as importance of issue with consumers, local environmental
significance, availability of options/techniques, etc.

5. Established basis for assigning points. The committee chose to build point values for the entire
program roughly around an EPA Energy Star Home rating equaling 100 points.

6. Assigned individual item point values. Each committee member is assigned an “environmental
value” (1-4) and a “building value” (1-4) for each item. In this way the environmental importance
or impact of an item and the builders’ assessments of cost or difficulty of an item were built into
the final point value for the item.

7. Assigned content area point total requirements and overall program point total requirement. The
builders on the committee applied the draft points system to their own businesses and came up with
point requirements based on how they would “make the grade”. Custom and production builders
came to consensus on requirements.
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8. Conducted “trial runs” outside the committee. The draft program structure and point requirements
were tested on a small group of active HBA builders and selected local government agencies from
which the HBA was seeking support for their program.

STEP ELEVEN: Create program content items.

The next section of this guide--the template--is dedicated to a review of the full spectrum of potential
program items. As individual topic areas and items are reviewed, here are some basic issues to
consider:

1. Avoid vague language—be as quantitative as possible so that meeting an item is clear cut for the

builder.
Example: “Use compact fluorescent light bulbs” can be improved to
“Install at least 2 fluorescent permanent light fixtures or provide homeowner with 4 compact
fluorescent light bulbs.”

2. Avoid putting more than one action, technique, or material in one item.

Example: “Recycle wood, metals, and cardboard on the job site” can be improved to “Recycle
all untreated, solid sawn lumber and plywood/OSB cut-off waste”
“Recycle all waste metals”
“Recycle all corrugated cardboard” (three separate items)
3. If your program uses points, avoid ranges for a single item whenever possible.
Example: “  (1-5 points) Recycle construction waste” can be improved to
“  (1-5 points) Take one point for each of the following construction materials that you
recycle: wood, cardboard, metals, plastics, drywall”
4. Link items to resources—this is particularly important for items which may be new to builders.
Example: “Use OVE techniques” can be improved to
“Use in-line framing (see efficient framing in reference section for details)”

5. Leave room for items not considered—even the most thorough of program development efforts
will not anticipate every builder’s approach. Acknowledge this by including a write-in item in
each content area.

Example: “Use this space to include a water conservation technique that you employ that is not
included in this section—see program administrator for approval and credit” (Builder writes in
“Provide homeowner with ‘soaker’ garden hose at move-in”).

6. Try to keep the same level of detail across topic areas and on individual items.

Finally, take full advantage of the electronic version of the template. The objective of providing the
template in this form is to allow customization to meet local program needs.
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GREEN BUILDER PROGRAM TEMPLATE

Introduction

The second half of this guide is the template of content items to consider. This template was
developed by extensive review of the existing local green builder programs, a test of the content item
selection with the green builder program development committee for the Greater Atlanta HBA, and by
review of resources and references on each content area. The items have been grouped by the
following content areas:

1. Site Development 2. Energy Efficiency (Site)

3. Energy Efficiency (Envelope) 4. Energy Efficiency (HVAC)

5. Energy Efficiency (Appliances/Lighting) 6. Resource Efficiency (Design)
7. Resource Efficiency (Material Selection) 8. Indoor Air Quality

9. Waste Management 10. Water Efficiency (Indoor Use)
11. Water Efficiency (Outdoor Use) 12. Homeowner Opportunities

13. Business Operations 14. Land Development

This template will also be made available in a software form which permits reorganization of the
program content items by job sequence and job code. This reorganization allows users to switch from
the content area organization—which probably makes the most sense to non-builders like home
buyers—to job sequence which makes the most sense to builders (starting with design issues and
moving on to site, foundation, framing and so on).

The material within each content area follows the organization below:

Overview/Discussion - This is a general discussion of the nature and scope of the content area and any
issues which may surface on the topic.

Review of Local Programs - This section includes the following:

1. a checklist summary table presenting all content items, local program inclusion of the
items, and a Recommendation on each item (an R stands for Requirement, an E for elective
or optional item), and,

2. a general description of each content item, including a brief evaluation of the Cost,
Availability, and overall Practicality of the item (labeled C/A/P).

Guide Recommendations - An explanation or elaboration on how the recommended or required items
from the table should be specifically treated.

Resources - A list of selected resources and a brief description of the resource. Resources include
publications, trade journal articles, and web sites. Each has been screened as useful and relevant to
mainstream residential builders.
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Four important notes:

1.

Very few individual items are recommended as program requirements. In a voluntary market
program, the builder and the buyer’s preferences should dictate selection.

Some items listed in the tables under individual program columns are not “recommended” in the
last column-Guide Recommendation. If not discussed in the Recommendations section of each
content area, assume that the item was not strong enough to warrant specific inclusion.

Although all of the local programs listed in the early Appendices were used in the development of
this guide, only four are listed in most of the content area tables.
This is for the following reasons:

a. The Clark County HBA and City of Scottsdale, AZ programs were still under development
as this guide was being developed.

b. The Suburban Maryland Building Industry association (SMBIA) program has such a strong
focus on land development that this program was only included in this one content area.

Energy efficiency is too important and too broad a topic to cover in one content area. In addition to
being divided into four categories, an Energy Overview section is included to cover general energy
issues.

General Green Building Resources: Although each content area has a topic—specific resource
section, there are some resources that appear repeatedly because they are good general resources on
green building. These publications, periodicals, and web resources are compiled in Appendix G as
an overall resource.

Three builder profiles showing how their projects qualified in three different local programs are
included in Appendix H for your reference.
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1. Site Planning

Overview/Discussion

Planning and development issues can be approached from two vantage points:

e Site Planning which pertains to the builder whose projects typically consist of one or two
buildings on a single lot and

e Land Development which pertains to the developer whose projects typically involve large
tracts of land, multiple buildings, and multiple uses.

Individual site planning is discussed here and land development issues are discussed in the final
section of the guide. This split reflects two related points:

1. While all of the green builder programs reviewed address individual site planning issues, only two
address in detail the much broader topic of land development.

2. Land development involves bigger and harder issues to tackle often involving significant
regulatory and even statutory changes. Most local programs take on green development only after
setting the groundwork with a green builder program.

Detailed site assessment and preplanning can be as important to the single family home on a relatively
small lot as they are to multiple buildings and uses on a larger property. Building location and
orientation, existing site features, erosion control, and disturbance can all be part of a thorough site
analysis. In addition, any features of adjacent properties that might affect solar access, prevailing
winds, or drainage patterns can be taken into account.

With the site and building design complete, the builder also has opportunities to demonstrate
environmentally-sensible construction practices. Even before the foundation is poured, careful
planning prior to grading and excavation can protect vegetation and soil-assets which have significant
value to both the home owner and the community.

Table 2 - Review of Local Programs: Site Planning Checklist Summary

Program Items Green Builder Programs
Austin Denver | Kitsap | Central New Guide
Mexico Recommendations
Existing tree E E E E
protection
Minimize site E E E E
disruption
Erosion control E E E
measures
Set aside & reuse E E E
top soil
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Identifying locations to store reserved topsoil, clearly marking and/or fencing trees to be saved, and
planning drainage patterns can protect the site’s natural resources. In addition, such forethought can
prevent rework later in construction, thus saving time and money.

Existing tree protection - Most programs offer fencing to a tree’s drip line as the best protection
mechanism. Consideration should also be given to selection criteria for tree preservation, required
grade changes, watering needs during construction, and mulch protection. See Appendix I for details
on tree protection and the NAHB “Building with Trees” workshops under Resources.

C/A/P: The presence, condition, and value of existing site vegetation can vary greatly. Studies by
NAHB and others have clearly demonstrated the value that mature, healthy site vegetation has to home
buyers. Builders may either develop or retain the expertise to evaluate the value and feasibility of
protecting existing vegetation. Such expertise can vary widely in cost. While private consultants
might be fairly expensive, Soil and Water Conservation departments, Cooperative Extension offices,
and universities may offer resources at little or no cost. Protecting existing site vegetation may also
require redefining standard practices of the builder’s excavating and other trade contractors.

Minimize site disruption - A building design that “fits” existing contours will require less earth to be
moved. The programs set a minimum percentage of the total lot area that must be left undisturbed.

C/A/P: Using a straight lot percentage makes it disproportionally more difficult for builders with small
lots to meet this item. It may be more practical to set a reasonable boundary margin—15 to 20 feet—
around the structural footprint as a requirement for minimizing site disruption. The overall feasibility
of this item will depend on the ability of the builder and his site super to “make it stick” with all subs,
most importantly starting with the land clearing and excavation crews. Builders may want to consider
contract language driving home the value of existing site resources to both the builder and the home
owner.

Erosion control measures - Erosion control requirements vary widely from jurisdiction to jurisdiction.
Control measures include site perimeter silt fencing, mulching of disturbed soil areas, and limits on
grade slope ratios. Erosion control measures are most effective when they protect both soil and soil
structure.

C/A/P: The most obvious benefit of erosion control goes to the community or surrounding
environment and this can make it harder to justify added expense. Site soil resources can, however, be
presented as a valuable asset to the homeowner.

Top soil reuse - This item can be an erosion control item but one program treats this as a separate item.

C/A/P: Saving the top soil for reuse can pay back twice—once in eliminating the need for hauling it
away and again when new material does not need to be brought in. The feasibility of stockpiling top
soil depends on lot size and an understanding with and commitment from the grading contractor.

Building location and orientation - Most programs address this issue within the Energy Efficiency
section and further discussion can be found there.

C/A/P: Locating the building with respect for existing wildlife and habitat, and responsiveness to
natural features, can greatly enhance intangible benefits at no additional cost. In orienting the building
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s0 as to maximize solar gain/shading and natural light and ventilation, energy costs to heat and/or cool
the home can be reduced.

Guide Recommendations

e Include all four-program items as options. Consider requiring one item of choice from this content
area.

e Consider giving builders program credit for participation in NAHB & The National Arbor Day
Foundations “Building with Trees” training and/or recognition program (see reference below).

Resources:

Building Greener Neighborhoods: Trees as Part of the Plan, American Forests and Home Builder
Press of NAHB, 1995, $12. This is a powerful, concise text that clearly outlines what to do, how to do
it, and what good lot development saves or adds to the property. Although the focus is on tree
preservation, there is a natural extension to other related site development topics: storm water
management, placement of infrastructure, passive solar design.

Storm Water Management: Environmentally Sound Approaches, Environmental Building News, Vol.
3, No. 5. Sept./Oct., ’94. Concise treatment of alternatives to conventional techniques.

Preservation Specifications for New Construction Sites, May, 1996 by Isabelle Green and Associates.
This contract document is a good example of exacting contract language by a landscape architect
setting the key points for protecting site resources during construction. It may be best suited to
commercial construction but the overall concepts presented are relevant for residential construction as
well (reprinted in Appendix I with permission).

Tree Protection During Construction, by Owen E. Dell. This two page document is a handy bullet list
of specific items to consider in tree protection (reprinted in Appendix I with permission).

Building with Trees — NAHB Workshops: Full-day training sessions offered around the country.
Workshops are currently conducted by Charles A. Stewart, a leading consultant on the techniques of
saving trees during construction. For more information, contact NAHB or The National Arbor Day
Foundation at (402) 474-5655.

Websites:
http.//www.ai.org/dnr/soilcons/erosion/index.htm — This site of the Indiana Department of Natural

Resources offers information specifically for the home builder regarding causes of erosion and control
measures.
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http://www.fabriscape.com — This site describes and is a supplier for landscape fabrics for a variety of
purposes — slope containment, patio/pavement underliners, groundcovers, and weed control. The
products offered by this firm are good examples of erosion control materials available to builders.
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Energy Efficiency - General Overview

Because energy use is both the single most important resource-efficiency issue in home building and
the broadest in its scope, the topic is broken down into the following four content areas:

1. Building Envelope - Walls, ceilings, windows, doors and foundations play a major role in heat
loss and gain.

2. Mechanical systems - HVAC systems, water heating systems, and related delivery systems
(ducting and plumbing) determine home energy consumption.

3. Appliances and Lighting - Appliance and lighting options in today’s homes are almost limitless
but choices have a large impact on home energy consumption.

But before these individual content areas are addressed, it’s important that some key aspects of the
overall topic be considered. Energy efficiency in homes is a complex topic. The complexity results
from a number of key factors, including: variety of end uses, variations in local climate, occupant
behavior, fuel sources.

This complexity can make cost-effectiveness determinations of various energy efficiency strategies
challenging. On the other hand, in comparison to other elements of green builder programs, energy
use is both relatively quantifiable and predictable. Many energy codes, standards, and voluntary
programs have established quantitative requirements or measurements of energy efficiency in
residential construction. The big question is: What approach or approaches should a local program
take toward the topic of energy efficiency as a whole?

To begin answering this question, a brief discussion of both prescriptive and performance based
approaches is required as well as an overview of specific existing voluntary energy programs.

Prescriptive and Performance Approaches

Program requirements concerning energy efficiency can be expressed as prescriptive requirements, in
which specific technologies are required or credited, or as performance requirements, in which the
overall performance of the home is evaluated.

Prescriptive requirements are mandates to use a specific technology or technique. Examples could
include requirements to use gas furnaces with AFUE efficiency ratings greater than 80%, or R-40 or
greater attic insulation, or to install windows incorporating low-e coatings and argon gas fill.

Performance requirements are expressed in terms of a maximum energy use for space heating, space
cooling and or underlying loads, often on a unit area basis, such as 15,000 Btu/sq. ft. per year as a
space heating requirement. Performance requirements generally require some form of performance
prediction calculation to be performed as part of the program compliance process. Such predictive
calculations are generally implemented as computer programs which accept information on the design,
climate, and assumed occupancy patterns of the home, and provide an estimate of energy use in one or
more of the basic end use categories. These methods vary greatly in complexity and sophistication.
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Performance requirements may also be expressed in terms of an overall energy rating. Home energy
rating systems (HERS) have been in use by utilities, state agencies, and others for some years. Home
energy rating systems have the potential to provide consistent information on the energy efficiency of
homes in all parts of the country. However a national effort to achieve consensus among the major
interest groups on a standardized rating system is still in the process.

Existing Voluntary Energy Programs

It is likely that existing voluntary energy-efficiency programs are being used, have been considered by
builder members, or are locally available regardless of your location. Programs to consider, which
NAHB has officially recognized and approved, include (See the Resources at the end of this energy
overview for information on each of these programs):

1. EPA/DoE Energy Star - The Energy Star Home program is a voluntary marketing program in
which a builder, through a memorandum of understanding (MOU), commits to building to an
energy standard of 30% better than the 1993 Model Energy Code (MEC-93). The program is
developing more prescriptive compliance avenues called builder option packages (BOPs) either
developed for a specific region (ReBOP) or in a builder/Energy Star ally—utility, or insulation or
window manufacturer—partnership (ABOP). Energy Star Allies include utilities and building
product manufacturers.

2. Edison Electric Institute’s E-Seal - E-Seal is a marketing program sponsored by the EEI which
certifies that an electric utility home construction program is 10 to 30% better than MEC-92. The
program is performance based and includes environmental attributes beyond energy including
water, waste, and indoor air quality. The program is fuel neutral.

3. Comfort Home Program — Comfort Home is a program used by a number of utilities to feature
cost-effective energy strategies that link savings, energy-efficiency, and comfort. Comfort Home
is the longest running energy program that meets NAHB criteria for endorsement. The Comfort
Home Program is backed by a comfort and energy consumption warranty.

4. Johns Manville Performance Home - This is a manufacturer’s marketing program which features
particular insulation products and systems and is built around a user-friendly software package
which can be used to meet various energy code standards and the EPA Energy Star standard. The
program is entirely energy focused.

NOTE: All of these programs restrict their coverage of energy to the guide content areas 3 and 4—
building envelope and HVAC systems. The guide content areas 1 and 5—site and appliances/lighting
are not addressed (EPA’s Energy Star Program has separate components for appliances and lighting—
they are not part of the Energy Star Homes components and the lighting program targets the
commercial sector).

There are some clear advantages to the programs described above:

1. Analysis of various strategies or packages of energy-efficiency features - Many programs will
work with builders to develop packages of energy-efficient features which meet the performance
level required by the program.
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Recognition and credibility - Some of the existing energy efficiency programs have significant
name recognition with the buying public.

Marketing materials - If existing marketing materials can be melded to the green builder
program, significant economies can be realized.

Field testing cost defrayal - One of the major expenses involved with any program of this nature
is the cost of independent confirmation of compliance. A large part of this cost—between $150
and $300—can be a blower door test and duct blasting test which the energy program recommends
or requires. It is possible to work with the existing programs in picking up at least some of the
costs of third-party assessment.

Preferential loan rates - Most of the programs have relationships with major lending institutions
for preferential loan rates or other conditions.

Guide Recommendations for Establishing Program Energy Requirements:

1. Require one of two paths for compliance with the energy portion of your green builder program:
a. Include the energy component of one of the NAHB-endorsed programs described above.
b. Use the list of recommended items from the energy content areas 3 and 4—building
envelope and HVAC systems—to develop a prescriptive path for program energy compliance.
2. Add as optional or requirement some number of additional energy items from content areas 2 and
5—site and appliances/lighting.
Resources:
1. EPA Energy Star Home Program - Phone: 1-888-STAR-YES.
website: www.epa.gov/appdstar/homes/
2. The Johns Manville Performance Home Program - Phone: 8§00.654.3103.
website: www.jm.com
3. Edison Electric Institute (EEI) E-Seal Program - Phone: (202) 508-5557.
website: www.eei.org/CSM/e_seal/
4. The Comfort Home Program - Phone: (800) 367-7223.
website: wwwcomforthome.com
5. The Good Cents Environmental Home Program - Phone: 1 800 653-34435.

website: www.GoodCents.com
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2. Energy Efficiency - Building Envelope

Overview/Discussion

Improving the energy efficiency of the building envelope can be approached in several inter-related
ways:

1. Design of the building itself
2. Choice of materials
3. Care and method of installation

NOTE: While the quality of installation or workmanship can be as important to energy efficiency as
design and materials, it is more difficult to address in a program such as a green builder program.
While none of the local programs reviewed for this guide directly address the issue of workmanship in
their checklists, it is an issue that many address in training programs for green builders. Some
suggestions for incorporating the workmanship issue into programs are made in the recommendations
for this content area.

Primarily, the programs reviewed address building envelope efficiency from the following
perspectives:

e Passive solar design
e Insulation and insulating systems
e Air leakage

All of the above elements are inter-related in that most design details, materials and installation
methods can affect more than one aspect of building performance simultaneously. For instance, an
insulating material may retard both heat flow and moisture or water vapor penetration. However, in
order to clarify the discussion, characteristics affecting the energy efficiency of the building envelope
will be covered separately.

Passive Solar Design

Designing a home to optimize solar gain can significantly reduce mechanical heating and cooling
requirements in most climates. Even the cloudiest and coldest regions can incorporate many of the
items listed below. Most of the components of a passive system are an integral part of the building
itself, however, site features such as trees can play an important role. While site features are, of
course, not part of the structure, they are an integral part of the structure’s passive solar performance.
In very general terms, passive solar design relies upon the following components:

Glazing — to maximize/minimize solar gain.

Masonry or water — for storage of thermal radiation.
Fans/pumps/natural convection — for delivery of warm (cool) air.
Overhangs/awnings — for shading.

Site Features - for solar access, shading, building orientation.

M
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Individual elements of passive solar design can be employed without necessarily moving to a full-
blown passive solar design. Green builders can use the principles and techniques as site, design, and
customer requirements allow.

Insulation

In general, the higher the total R-value of a floor, wall or roof assembly, the better the heating and
cooling performance. Total R-value refers to the insulating value of all the layers of materials,
including insulation, masonry, sheathing, siding, etc., and the effects of solid structural members on
overall performance. Proper installation is critical to the performance of all insulation systems. A gap
between any insulating material and adjacent surfaces will reduce the overall performance of any
system. The appropriate type and level of insulation can vary from building system to building system
and climate to climate.

Foundation: Typical R-values for foundation insulation range from 4 to 13. Energy savings for
foundation wall insulation decrease as the depth below grade increases. For this reason, the added
energy savings achieved by placing insulation in full-backfill basements from, say 4 ft below grade
down to the footings, may not be financially justified. However, full height insulation of slightly lower
R-value on the interior will outperform half-height exterior insulation. Depending upon plans to finish
basement space, insulation suitable for interior use is less expensive than extruded rigid foam and can
be a sensible choice.

Some codes require crawl spaces to be vented to the outdoors. Building researchers are increasingly
taking the position that it makes sense, from a moisture control and thermal performance point of view,
to treat crawl spaces as conditioned space. In this case, crawl space walls would be insulated as are
basement walls and no insulation would be used in the joists between basement and first floor.

Walls: Wall R-values typically range from R-11 to about R-23. Increasing the R-value by, say 15%,
can often be done using some combination of foam sheathing, higher density insulation between studs,
and reduced framing. The thermal performance of walls is more important in northern climates, where
heating needs are driven by the typically more severe difference between indoor and outdoor
temperatures. In hot climates, the temperature difference is a lesser factor, and solar radiation, internal
heat production, and moisture production are relatively more important.

Ceilings: As with above grade walls, the energy efficiency of a ceiling is a function of insulating R-
value, air leakage, and material characteristics in absorbing, transmitting, and emitting solar radiation.
Air leakage and radiant barriers will be discussed later in this section. R-values for ceiling insulation
where an attic is present and there is no space limitation typically range from R-19 to R-50. In vaulted
ceilings, where space is limited by framing member depth and often by requirements for ventilation, R-
values may range from 19 to about 30.

Air Leakage

Air leakage through the exterior envelope and air flows within building cavities can be a significant
source of energy loss. As much as 30-40% of a building’s energy load can be attributed to infiltration
in some climates. Infiltration occurs at gaps and joints between insulation and framing materials,
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penetrations within the structural envelope itself such as holes drilled for plumbing and wiring, and at
cracks around doors and windows. In addition, infiltration affects indoor humidity levels and thus,
comfort.

Typical well-built new housing in the U.S. will have natural air change rates between .3 and .5 air
changes per hour (ACH natural).® An air change of around .3-.4 natural is approximately the rate at
which most codes require mechanical ventilation. This is discussed further in the section on Indoor
Air Quality.

Radiant Barriers

Radiation is the direct transfer of heat from an object at a higher temperature to one at a lower
temperature. A material’s ability to radiate heat (long wave radiation) depends upon its color as well
as its temperature. Although all materials will absorb and radiate heat to some degree, in general, a
good radiant barrier will reflect more heat energy than it absorbs. Foil-face objects are good examples.
Radiant barriers are more effective in cooling situations due to typically higher temperatures and lower
convection currents in attic spaces during the summer.

Moisture Penetration

Generally, moisture can enter the building envelope in two ways:

e Condensation of water vapor when air moving through a cavity reaches its dew point.
e Wind-driven rain that enters the cavity in liquid form.

Excessive moisture penetration is relevant to green building issues primarily for two reasons:

e Performance and effectiveness of insulation is compromised.
e Degradation of building materials is a durability issue.

Construction details that can help prevent moisture problems include:

Flashing details at doors, windows, chimneys, and roof/wall junctures.
Sealing details at doors, windows, plumbing and electrical penetrations.
Appropriate use of vapor barriers.

Attic, cathedral ceiling, and crawl space ventilation.

It should be assumed that moisture intrusion will occur at some point under certain conditions during
the life of a building. At some time, the combination of high humidity levels and sufficient
temperature difference may result in condensation developing within the wall or roof cavity. Despite
careful flashing and sealing details, it is likely that wind-driven rain will find its way behind exterior

* Measurements of a building’s degree of air tightness are reported in two different ways. In addition to natural air change
per hour, measurements are also given at a pressure of 50 Pascals. 50 Pascals is the standard pressure at which blower door
test results are reported. Given the variation in outdoor conditions, this standardizes measurements for purposes of
comparison of different buildings. The number of air changes at 50 Pascals can be roughly converted to natural air change
rates by dividing by 17-20.
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siding under certain weather conditions. Therefore, in addition to careful sealing and appropriate use
of vapor barriers, attention should also be given to drying potential and drainage pathways. While
these aspects of construction are not addressed in this section, they are included in other sections of
this guide.

Review of the Programs

Passive solar:

Glazing Placement & Sizing — In general, windows oriented toward the south can gather useful energy
in the winter, and see only high-angle sunlight that can be effectively shaded out in the summer. East
and west facing glass will see some solar gain year round. Due to the sun’s lower position in the sky,
these gains will not be as substantial as that from glazing on the south. However, in climates with
significant cooling loads, windows on east and west walls require shading to prevent unwanted heat
gain. In all cases, north facing glass is a net energy loser. It should be noted, however, that large gains
made in window performance have reduced the energy penalty for glazed openings vs. solid walls.

Skylights, if not carefully oriented, can add significantly to the cooling loads in homes, and must
generally be considered as providing an energy penalty. Light tubes are small skylights in the form of
tubes with reflective interior surfaces. They are generally designed to be installed between framing 16
or 24" on center, and to extend from roof to ceiling; hence they require no structural modification and
no separately framed well or shaft. Light tubes may reduce unwanted summer heat gain and winter
heat loss when compared to conventional skylights of similar lighting performance. There is some
evidence supporting the lighting energy saved with light tubes but no research has been conducted that
includes heat loss/gain as well as lighting savings.

Various rules of thumb have been put forth regarding appropriate amounts of glazing so that a building
will maximize solar gains without overheating. Some such figures are:

e South glass: 6-8% of the floor area
e East and north glass: 4% combined of the floor area
o West glass: 2% of the floor area

These figures are a rough starting point. Glazing for a heavily passive solar home can be increased
when thermal mass is added. Other considerations such as shading devices are also factors that affect
optimal amounts of glass for energy performance.

C/A/P: Not all sites will allow for ideal placement of glazing with respect to energy efficiency.
Daylighting, ventilation, views, and aesthetics are all considerations that must be balanced with
concerns for heat loss and gain. Light tubes retail from $200 to $400, depending on the tube diameter
and other features.

A number of references listed at the end of this section provide information regarding ratios of glass-
to-mass. Calculations regarding amounts of energy transmitted and stored and subsequent release to
the living space over time can get complicated. Accurate sizing will usually require the services of a
design professional.
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Glazing type - A number of high performance or “super” windows have become available in the past
few years. The technical approaches to improving window performance include:

low-e coatings on glass

argon or other gas used between panes

tinted glass

lower conductance edge spacers between panes
lower conductance frames

more airtight construction

The relative performance of windows is summarized in the U-value and Solar Heat Gain Coefficient
(SHGC) factors provided under National Fenestration Rating Council (NFRC) certification. Both
values refer to whole window performance taking the effects of frame and sash into account as well as
the glazing itself. The U-value is the reciprocal of R-value and refers to the insulating capacity of the
window. Typical whole-window U-values range from about .33 for a wood or vinyl-framed double
paned low-e window to about 1 for a single pane window with a thermally broken aluminum frame.
The Solar Heat Gain Coefficient is a rating of solar heat transmission through the entire window.’
SHGC values range from about .3 for a low-e argon-filled vinyl frame window to .66 for a single-
paned window with similar frame.

Unless different types of glazing are used according to the particular orientation, glazing choice is a
compromise. The desire and opportunity for solar gain during the winter need to be balanced against
the need to block some solar radiation to prevent overheating. Although it is relatively common for
manufacturers to produce a line of window units offering different glazing options for a given model,
one of the main deterrents to such practice is the added effort required to ensure that the different
windows are installed in the proper locations.

C/A/P: High performance windows do carry a cost premium as compared to more standard single or
double-paned units. For a typical house, a representative cost for an energy-efficient window upgrade
is $500. Except in very mild climates, they significantly reduce energy requirements and help to
increase comfort. More energy efficient windows and doors can also permit down-sizing of the
heating and cooling systems. Payback periods vary depending on climate.

Overhangs, shading — Providing correctly sized overhangs, awnings, or shades for south, east, and west
glazing will reduce unwanted heat gains during cooling seasons. In regions where air conditioning is
installed, shading of west windows is always advisable. In hot climates where cooling is a significant
concern for longer periods, shading of east and south glazing may be warranted as well. The higher
incident angle of the sun from June to September is not enough to naturally prevent unwanted solar
gain through south-facing glass during the spring and fall. The references listed at the end of this
section give information about sizing such overhangs.

C/A/P: As with many features of site-sensitive building design, overhangs and shading devices often
serve aesthetic as well as practical purposes. In addition to providing protection from the elements,
they can be an integral part of the architectural style as well. Designing exterior overhangs that will

> A Shading Coefficient (SC) is the former value used to quantify the solar energy transmission of glazing. It is
approximately equal to the SHGC multiplied by 1.15.
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totally shade east and west windows 1is difficult. In hotter climates, some sort of interior shading
device may be needed as well. Adding overhangs or eaves and gables runs in the area of $2.00/sq.ft.

Buffer spaces — Unconditioned spaces on the north or west sides of a building reduce the amount of
wall area directly exposed to ambient conditions. Examples of such spaces are entryways, garages,
storage areas, or closets. While enclosed buffer spaces are most effective in heating climates, open
sheltered spaces—carports, outside hallways—are effective shading in cooling climates.

C/A/P: Strategically locating unconditioned areas may not always be possible depending upon other
design considerations and site characteristics. However, it should be kept in mind during the design
phase since it does not increase costs.

Site Features

Solar access - This refers to the presence or absence of obstructions between direct sunlight and the
building. It is most often applied in heating contexts and therefore defined in terms of the absence of
obstructions. An example is a requirement that direct sunlight or beam radiation be able to reach the
building between 9AM and 3 PM from October 21 to February 21. Such a requirement can in turn be
converted to a set of angles of view from the building that must remain unobstructed.

Solar access may refer to simply designing for future use of direct sunlight. The development of much
less expensive photo-voltaic (PV) materials may soon make solar access a valuable feature of many
homes. Recent government and utility initiatives for PV systems are driving consumer and builder
interest.

Shading — Shading can be thought of as the opposite of solar access, and is usually used to include the
obstruction of sunlight by site features, trees, and roof overhangs or other building components. Use
of the term "shading" often implies the intentional obstruction to reduce cooling loads.

Orientation — This refers to alignment of the building on the site to increase solar gains during the
heating season and to reduce gains during the cooling season. In general, this means turning the
primary axis of the building or emphasizing the glazing so there is significant glazing on the south (or
south +- 30 deg), and little glazing within +- 30 deg of east and west. South glazing is most efficient
for passive solar gains in the winter, while its summer heat gain penalty is less than for east and west
glass (south glass can also be shaded so that direct radiation in the summer is eliminated). East and
west facing glazing generally gains little useful energy in the winter, and suffers large, unwanted gains
in the summer.

One program [WA] includes an elective element calling for orientation to make the "best use" of
passive solar. Guidelines in the program manual suggest this means orienting one face of the home
due south, designing for up to 8% glass on this exposure, and avoiding winter shading. A second
program [TX] includes elective elements addressing orientation and shading of east and west walls. A
third program [CO] includes several overlapping elective elements concerning solar inputs, including a
long-axis orientation element, a summer shading element, and an element requiring roof design
suitable for future solar use. Two programs include overall passive solar performance elements,
discussed later under windows.

C/A/P: The ease with which a builder can incorporate solar access, shading and orientation into a
particular project will vary widely depending on existing lot conditions—slope, lot dimensions,
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existing regulation, features of adjacent lots—as well as other considerations such as aesthetics and
customer preferences. The energy savings, however, associated with these principles are significant,
ranging as high as one-third of the total building load. The key is to acknowledge their impact on
energy consumption, incorporate the principles into structure placement and design whenever possible
and practical, and accommodate their absence with other building features—overhangs, awnings,
glazing coatings, interior shades—when conditions prevent their implementation.

NOTE: Developing an energy-efficient relationship among these three factors can be achieved with
building features rather than site features—overhangs, awnings, window glazing types, etc. The use of
energy-efficient site features should be considered when the site allows and building features used to
augment or replace when site conditions are not conducive to energy considerations.

Table 3 — Energy Efficiency (Building Envelope) Checklist Summary

Envelope Austin Denver | Kitsap | New Guide
Mexico Recommendations
Passive solar (building elements)
Glazing on South or E/'W E E E
Skylights prohibited E
Window min performance standard, E E E E E
(e.g. U-.33 NFRC)
Windows minimum construction E E E
standard (e.g. 2-glass, ¥4" space, or
wood/vinyl frame)
Overhangs/Shading E E E E
Buffer spaces on west exposure E E
Solar Access E E
Shading E E E
Orientation E E E E
Earth sheltered design E
Insulation
Insulate foundation/slab to min. level
E E
Walls — improved R-value E E E E
"Full-fill" insulation or spray foam E E
Integral insulation, e.g. foam core
panels E E
Ceiling insulation minimum E E E
Blown ceiling insulation E
Raised heel trusses E E E
AirSealing
Prescriptive air sealing E E E
House wrap E E
Blower door test minimum E E E
Limitation on recessed lighting in E E
thermal boundary
Other
Ceiling radiant barrier
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Earth-sheltered designs — Earth bermed or earth covered buildings take advantage of the more constant
annual temperatures below grade. This type of design is particularly well suited to a sloping site.
There is, of course, potential for confusion regarding what exactly should count as “earth-bermed”. If
offering this element as an elective, a program may want to specify that a minimum amount of the
building envelope be earth-sheltered — for instance, 50% of exterior walls or roof enclosing living
space.

C/A/P: Earth sheltered designs are not well suited to areas with high water tables or extensive
underground springs.

Insulation:

Insulate foundation to minimum level — Common approaches to insulation include:

e Exterior foam (usually extruded polystyrene) sheathing,

e Interior fiberglass, hung from framing and/or pinned to wall, with vinyl or foil protective
facing,

e Interior fiberglass, placed between studs

C/A/P: Typically, existing energy code requirements call for some level of insulation below grade.
Perimeter or edge insulation is the most effective energy savings strategy for concrete slab-on-grade
foundations. Cases of termites gaining access to buildings by tunneling through or behind exterior
foam insulation have been reported and exterior foam insulation should be used with caution in
termite-prone areas. Installation of exterior foundation insulation requires special detailing at the sill
or bottom plate and may require adjustment of foundation wall dimensions.

Wall sheathing minimum R-value — Insulation placed on the exterior of a building in addition to cavity
insulation can provide additional benefits as an air barrier and, with closed-cell foam, a moisture
barrier if seams are taped. One should consider the local climate and the characteristics of the entire
wall regarding moisture entrapment when deciding to use extruded foam on the exterior.

C/A/P: The optimal level of wall insulation from a combined cost/energy savings perspective is
climate-specific and can be calculated with a wide variety of energy-efficiency resources (See this
section’s web resources).

“Full-fill” insulation or spray foam — As a strictly stand-alone material, spray foam insulation systems
afford better thermal performance than more conventional insulation for several reasons:

Higher R-value per inch.

Complete cavity fill.

Better performance as an air barrier.

Reduced possibility for degradation caused by rodents.

b

However, testing has not indicated significant increase in overall building performance attributable to
different insulating systems alone.
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C/A/P: Typically, the cost of sprayed foam is higher than conventional insulation materials and
requires installation by a specialty contractor.

Integral Insulation — A variety of foam core panel systems are available for above and below-grade
walls as well as roofs. The combined structural and thermal systems manufactured in a controlled
environment can be advantageous in certain applications. However, equivalent performance of
conventional site-built systems can be achieved with careful detailing and installation.

C/A/P: Integral systems are available in most areas of the country. Costs will vary depending upon the
particular system chosen and proximity to the building site. Some panelized systems require
installation by a crane or lull but do reduce overall framing labor needs.

Ceiling insulation minimum — Because warm air rises, the potential for heat loss or gain through a
ceiling or roof is greater than that through the foundation, floor, or walls. Depending upon existing
energy code requirements and climate, offering credit for increased ceiling insulation may be
warranted.

C/A/P: Although installing additional attic insulation is a fairly easy thing to do, there comes a point
where simply increasing R-value is no longer cost-effective. This point will vary depending upon
climate (See this section’s website resources for more information).

Blown ceiling insulation — Advantages of blown insulation over fiberglass batts have not been
supported by research.

C/A/P: Blown cellulose or fiberglass is available in all parts of the country as is the equipment for
installation. In attic installations, the cost and ease of installation is about the same as for batts.

Raised heel trusses — Raised heel trusses do allow for more insulation at the eave and therefore,
improve thermal performance at a typically difficult spot to properly insulate.

C/A/P: There is no significant cost increase in raised heel trusses themselves. Higher costs may be
involved with increased siding and boxing out soffits.

Air Leakage:

Prescriptive air sealing —The top four sources of air infiltration in a typical home are floor-wall
junctions (sillplates), wall outlets, windows and window openings, and the HVAC ducts. Other
significant sources are vent hoods, fireplaces, and recessed lighting fixtures. Careful caulking in these
areas will reduce unwanted air flows and infiltration. A carefully installed polyethylene air-vapor
barrier that is continuous between floors and caulked at seams and penetrations is appropriate in cold
climates. In hot, humid climates, plastic air-vapor barriers and attention to sealing details should be
performed on the exterior for moisture reasons.

C/A/P: Framing and insulation crews will require some training in air tightness detailing to achieve

higher levels of performance. Insulation companies often offer an “air sealing package”. The cost of
air sealing to a moderate level of about .3 ACH natural is in the range of $250 to $500.
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House Wrap — Tyvek and similar materials installed as air barriers over the exterior sheathing have
become almost an industry standard. A building paper lapped shingle style with seams taped will help
reduce air penetration at framing junctures whether it be a house wrap or 15# felt paper. Either
material correctly installed will reduce infiltration and provide another layer of protection against
moisture intrusion. Proper installation includes taping all seams and wrapping and/or taping at
penetrations such as windows, doors, etc.

C/A/P: Both house wrap and felt paper are readily available materials. House wraps cost
approximately three times more per square foot than 15# felt. The 9’ widths of house wrap can be an
advantage in installation. Both house wrap and felt paper can double as an effective drainage plan if
properly installed. There can be chemical compatibility issues between siding and housewrap
materials — check this out with materials manufacturers.

Blower door testing — To test a building’s air tightness, a variable speed calibrated fan unit is
temporarily installed into an exterior door and used to pressurize or depressurize the house. Such tests
can be useful in providing comparative information about air tightness since it is difficult to know
intuitively how well sealing methods have actually worked. Blower door tests do not, however,
directly determine natural leakage rates.

C/A/P: Blower door tests can range in cost from $150 to $250. Availability of a contractor or agency
with the appropriate equipment and expertise will depend upon locality. Often, county weatherization
agencies will perform such testing at a reasonable cost.

Limitation on recessed lighting in thermal boundary — Recessed lighting located in the building
envelope can result in large amounts of heat loss. However, IC rated sealed units have no openings in
the housing and enable one to install insulation in direct contact with the units. If the insulation
installed around and above the housing is equivalent to the rest of the attic, the energy penalty
normally associated with recessed lights is avoided. Soffits can also be built so that recessed housings
do not penetrate the exterior envelope. It is not advisable to install recessed lights in cathedral ceilings
in any climate.

C/A/P: IC rated sealed housings are equivalent to those not rated for insulation contact. Some
installations may require soffits with both cost and aesthetic considerations.

Radiant barriers:

Attic radiant barriers — Testing has shown that radiant barriers are more effective in reducing cooling
loads than in reducing heating loads. The radiant barrier should be placed as close as possible to the
roof surface. Steel or metal roofing materials act as radiant barriers themselves. Under heating
conditions, a radiant barrier should be placed just above the ceiling finish material and below the
insulation. Radiant barriers placed on top of the attic insulation can cause condensation and frost to
develop when outdoor temperatures fall much below 10 F.

C/A/P: In hot climates with significant cooling loads, ceiling or roof radiant barriers are a cost-
effective approach with the cost to the builder being justified by the annual energy savings to the home
owner. In cold climates, additional insulation is likely to be more effective than installation of a ceiling
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radiant barrier. In cold or moderate climates with fairly cold winter temperatures, trying to obtain both
heating and cooling benefits by placing radiant barriers on top of attic insulation is not recommended.
Guide Recommendations

1. Include passive solar elements as elective. Consider requiring one of the following to address
passive solar design beyond just site elements:

a. One of the energy site electives or

b. One of the window treatments—overhangs, awnings, tinted glazing (lower SHGC)—under
energy-building or

c. Homeowner education materials on the import/importance of interior shade use to regulate
solar gain.

2. Develop specific guidelines according to local climate.
e.g., Heating Climate:

Solar Access:
a. predominant glazing facing within 30 degrees of south
b. south glazing receives maximum winter solar exposure.

Shading:
a. if applicable, provide natural summer shading for south and west windows.

Orientation:
a. long axis oriented east/west
b. natural or manmade buffers in direction of prevailing winds.

Offering a set of prescriptive measures with regard to building envelope efficiency is difficult for
several reasons:

1. Effective passive solar strategies are based upon the building working as a system rather than a
number of isolated, arbitrary measures.

2. Building design is closely tied to the specific climate and the particular site. It is not advisable to
penalize builders for what they do not or cannot do, but rather offer credit for optimizing under
existing conditions and constraints.

A Green Building program should allow the builder and home owner sufficient flexibility to choose
those aspects of envelope design that best suit their needs and specific situation. A program can
approach this in one of two ways:

1. Offer credit for compliance with an energy program such as EPA’s Energy Star Program

OR

2. Offer credit for achieving various levels of energy performance over and above what is
conventionally required by existing energy or building codes. For example, levels of improvement
might be set at 10%, 20%, and 30%.
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In any area, there may be certain measures that are considered important enough to pull out as stand
alone items. For example, window shading may be one such element for areas with high cooling
loads; added thermal protection may be appropriate in predominantly heating climates. Although it is
recommended that most such measures be elective items, programs will need to make decisions
regarding such issues on an individual basis.

3. Spray foam insulation is not recommended as an individual program element because there is
insufficient evidence supporting the environmental or energy superiority of this one insulation system.

4. Give credit for participation in certified installation programs. There are a growing number of
certified building product/system installation programs. Industries such as siding, windows, HVAC,
and insulation have been developing certification programs as the most effective way to encourage and
establish standards of quality workmanship.

5. Give credit for builder training on quality and specific installation methods. Total quality
management (TQM) training and quality award programs are a recognized and important part of the
residential building industry. Many HBAs, with no connection to green building, hold regular training
sessions on all aspects of construction workmanship. Because of the impact that quality workmanship
can have on building performance, green builder programs can and should give credit for builder
efforts in this area.

As an example, the Greater Atlanta HBA is establishing a relationship between their newly developed
green builder program and their existing Certified Professional Home Builder Program (CPHB).
Required training for the CPHB will be given credit under the green builder program. In this way,
builder efforts towards workmanship and building performance are formally recognized in their green
builder program.

Resources:

The Energy Source Directory, Iris Communications. Lists over 500 products that help improve a
home’s energy efficiency from insulation and air barriers to heating and cooling equipment.

The Passive Solar House — Using Solar Design to Heat & Cool Your Home, James Kachadorian,
Chelsea Green Publishing Co., White River Junction, Vermont, 1997. This book provides a
comprehensive overview of passive solar design principles. Building siting and orientation, design
strategies, heat loss, and solar gain are clearly explained. Methods and worksheets for calculating a
building’s energy load are provided in addition to insolation and degree data for major cities in the
U. S.

Residential Windows, John Carmody, Stephen Selkowitz, Lisa Heschong, W.W. Norton & Company,
New York, 1996. Since windows are the largest source of heat loss or gain in a home, this book
completely dedicated to the topic may be of interest to builders and home owners alike. Energy
performance of different glazings, the effect of frame materials, design issues, daylighting, ventilation,
and shading are covered and will prove helpful to those making decisions about “which window?” and
“where?”.
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The Builders’ Field Guides, Energy Efficient Building Association. Four guides for cold, mixed, hot-
dry, and mixed-dry climates are available. Sensible design and construction principles for each climate
are discussed and methods are illustrated with construction details.

Websites:

http.//solstice.crest.org/staff/ceg/sunangle/ - Allows one to find solar angles for all latitudes and
longitudes at any time of day. This tool can be very useful to the architect, builder, or home owner in
locating and sizing overhangs.

http.//www.efficientwindows.org — With an increasing number of choices in glazing and frame type,
this site sponsored by the Alliance to Save Energy provides helpful information for selecting windows
for different climate conditions and orientation.

http.//www.fsec.ucf.edu — The Florida Solar Energy Center has done extensive research and testing
regarding a range of issues pertaining to energy efficiency in buildings. Some of the topics covered
are: comparisons of different building systems, retrofits to improve energy efficiency, light-colored
roofing, and photovoltaics. In addition, the site also offers directories of sources for building products
to improve energy efficiency.

http.//www.buildingscience.com/ — This site of the Building Science Corporation offers useful
information regarding problems frequently found in buildings and how to avoid them. Moisture
control in buildings is emphasized.

http.//www.its-canada.com/reed/index.htm — The Residential Energy Efficient Database is a Canadian
site that provides extremely useful information regarding many aspects of energy efficient home
design and construction. Specific topics addressed include: siting the building to take full advantage of
natural features to help reduce energy loads, building layout and design with several house plans of
varied size and style, a simplified method for calculating the approximate heat load of the home, and
guidelines for HVAC system design and sizing. Since this is a Canadian sponsored site, there is no
information regarding design considerations for cooling climates or AC systems.

http://www.eren.doe.gov/buildings/tools_directory/ - This website offers a directory of building energy
software tools. Very concise and complete profiles, including strengths and weaknesses, of each
software tool, are provided. A standard is REM/Design, a very user-friendly tool particularly for
comparing the input of energy upgrades. The Johns Manville Performance House Program includes
REMGOLD, a version customized for Johns Manville that includes costs of materials.
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3. Energy Efficiency - HVAC and Domestic Hot Water

Overview/Discussion

In most climates, energy use for space heating and cooling and water heating will comprise over half
of a home’s energy consumption. In cold climates, heating alone can account for as much as 2/3 of the
total energy bills. After careful siting, design, and construction detailing with respect to the building
envelope, improvements to the heating/cooling system are the next place to look for energy and cost
savings.

There are any number of ways (and combinations) to meet the space conditioning and water heating
needs of homes. As with siting and design of the home itself, there is no one system that is best in all
situations. In fact, under any given set of conditions, there is often more than one way to solve the
HVAC puzzle efficiently.

Best practices regarding a home’s mechanical systems will revolve around a number of factors:

e Balance of heating and cooling requirements.
e Availability and cost of fuels/energy.
e Personal preference and lifestyle of the home owner.

For instance, in moderate climates where requirements for cooling dominate and temperatures do not
fall much below 40 F during most of the winter, a heat pump may make the most sense. Where
heating loads are predominant, a gas or oil fired furnace or boiler may be the best choice. Where
natural gas is available and relatively inexpensive, a condensing gas furnace has the highest efficiency
available. However, a zoned hydronic system with an efficient oil- or gas-fired boiler may be an
equally good choice in that multiple zones allow for adjusting the temperature of different areas of the
home to different uses. And, some home owners prefer hot water heat to “draftier” forced air. If heat
is called for during significant portions of the year, one system that heats both the living space and the
domestic water may be preferred.

Lastly, the efficiency of all systems depends on regular maintenance. This topic will be discussed in
Section 11 — Homeowner Opportunities.

Space Heating/Cooling:

90%+ AFUE — Annual Fuel Utilization Efficiency (AFUE) is a measure of overall furnace or boiler
efficiency taking standby losses as well as combustion efficiency into account. Federal standards
require a minimum AFUE of 78% for forced-air furnaces. With improved burners and heat
exchangers, conventional furnaces have AFUE ratings of 80-85% and boilers are slightly higher — 82-
87%. By reclaiming a substantial portion of the heat in the exhaust gases, high efficiency or
condensing furnaces operate at efficiencies between 90% and 95%. Water vapor in the combustion
products is cooled to the point of condensation and the lower temperature gases can be exhausted via a
through-the-wall PVC pipe. Heating energy use and costs can be considered proportional to AFUE,
and an upgrade from 80% to 94% AFUE will reduce heating costs by about 14%.
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Review of the Programs:

Table 4 — Energy Efficiency (HVAC/Plumbing) Checklist Summary

Heating/Cooling Systems Austin | Denver | Kitsap | New Guide
Mexico Recommendations

Space Heating/Cooling

90%+ AFUE furnace E E E

Radiant floor heating E

Air conditioner min SEER R R

E
Geothermal system E E
Evaporative cooler E E

Active solar space heating E

High efficiency, sealed
combustion gas/wood fireplace E E E
w/outside air

HVAC sizing method, R
component matching

t
™
t
tm

Duct design, insulation, sealing

Provide air returns in bedrooms E

Duct pressure test

Programmable thermostat

esiiesliesiiesiesifes!

Whole house fan

“Mleshleshles!
esiiesles

Ceiling fans or rough-in

Domestic Hot Water

Water heater fuel E

Water heater efficiency

Sealed combustion DHW

esifes
o3l
esliiesies!

Insulate DHW tank or pipes E

Water heater placement
relative to loads

Install active solar DHW E

eslieshies

Hot water demand recirculation

DHW heat recovery E

eshfesiieshies]ies!

Combined DHW/space heating E

C/A/P: Higher efficiency gas furnaces are available in all parts of the nation, at a cost of several
hundred dollars above standard units. Condensing gas furnaces cost approximately $500 more than
those that meet minimum federal requirements. There are fewer options for high efficiency boilers,
but several are available. Recently, high efficiency oil-fired condensing furnaces are being
manufactured again after early problems with controls and clogging of flue passages. The plastic
venting systems used with condensing heating appliances can exit the home through the roof or
through a side wall increasing savings by eliminating a chimney. However, there are restrictions
regarding proximity to door and window openings. In other respects, the installation of high
efficiency heating units is similar to that of conventional units.
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NOTE: Sealed combustion furnaces and boilers offer the advantages of both higher efficiency and
reduced potential for backdrafting. The controlled steady supply of outdoor air to the burner increases
performance and eliminates the need for a damper.

Radiant Floor Heating — Most radiant floor heating is hydronic with water-filled tubing run in a
concrete slab or under a wood floor (These are radiant celing heating systems, as well). Advantages
include even heat distribution (with broad consumer support for increased comfort), lower boiler
operating temperatures, and some reports of 10% to 20% energy savings. Disadvantages include no
capacity for thermostat setback strategies and difficulties associated with repair of embedded tubing.

C/A/P: Skilled design and installation is critical to system performance. Costs vary considerably with
various systems. Installed costs range from approximately $2.00/sq.ft. when installed as part of a
planned concrete slab up to $6.00/sq.ft. for thin-plate systems.

Minimum SEER — Central air conditioning system efficiencies are referred to as SEER ratings or
Seasonal Energy Efficiency Ratio. This is the ratio of seasonal energy output to energy input (Room
air conditioner efficiencies do not factor in performance over the whole cooling season but rather refer
only to the ratio of cooling output to power input). Federal standards establish a minimum air
conditioner efficiency or SEER rating of 10. Efficiency upgrades are available up to about 15 -18
SEER. Efficiency upgrades should produce roughly proportional decreases in energy use and cost.
The programs that offer credit for increased equipment efficiencies reference SEER values of 12 to 14.

C/A/P: Air conditioners with efficiencies between SEER 11 and 14 are available in most parts of the
country. The cost premium is about $500-$600. Units with SEERs of 15-18 have dual compressors
and more elaborate controls increasing their costs by several thousand dollars. These models are not in
high demand and therefore, are not readily available.

Fireplaces — Fuel burning fireplaces should be chosen with care for installation in new homes that are
tightly constructed. Many home buyers desire a wood or gas burning fireplace for the aesthetic appeal
and cozy feeling that a fire provides. The problem is that this cozy feeling is not necessarily born out
by the actual heat delivered to the living space; and, the aesthetics of a burning fire may compromise
indoor as well as outdoor air quality. The latter issue is discussed in Section 8 - Indoor Air Quality.

Traditional open hearth fireplaces are net energy losers and one program prohibits their installation
entirely. When not in use, the chimney serves as an easy escape for household air — even with dampers
closed. During use, the exit of warm interior air can be as high as 1.4 Air Changes/Hour due to the

excess air required to feed the fire and maintain the draw.

Enclosed fireplaces are better performers with rated efficiencies from 60%-80%. However, a test of 50
Canadian homes showed that actual efficiencies ranged widely between 10% and 70%.

Several features contribute to better performance:

1. Secondary combustion: Catalytic converters or design for secondary combustion will insure more
complete burning of the fuel. Less heat is lost up the chimney and fewer particulates are emitted.

2. Sealed combustion: Controlled supply air from the outdoors provides better assurance that the
amount of air required for combustion is available without drawing from the interior of the house.
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However, under some outdoor conditions, eddying and depressurization at the outside wall can cause
these inlet ports to become exhaust flues.

3. Tight-fitting glass doors: The use of tight fitting doors is critical in reducing undesired excess air
flow through fireplaces that in turn will decrease efficiencies and increase potential indoor air quality
problems. There are apparently no standards for tight-fitting doors so their quality and effectiveness at
controlling air flow must be evaluated on an individual basis. Ceramic glass doors are better at
radiating heat to the living space than those tempered glass.

4. Thermal mass: many of the fireplaces on the market are installed in chases on the exterior wall.
This results in greater heat loss to the outside as well as reduction in the benefits of radiant heat
transfer to interior objects. Masonry heaters, Russian fireplaces, Rumsford fireplaces, and some
woodstoves offer the advantages of larger amounts of thermal mass for heat storage and/or location
within the living space.

C/A/P: There are a wide variety of high-efficiency fireplaces on the market with a fairly broad price
range as well. Careful research is warranted given the many options, manufacturers’ claims, and lack
of third-party efficiency ratings for wood burning units.

Geothermal Heat Pumps — Geothermal heat pumps, (also called ground source heat pumps), are heat
pumps that use the thermal mass of the earth as a source of useful heat in the winter and as a sink for
waste heat in the summer. Because geothermal units rely on relatively constant ground temperatures
of 45-50 F, they provide greater heating and cooling capacity during periods of extreme temperature,
and generally should require less supplemental electric resistance heating during cold winter conditions
as compared to air-source heat pumps. The performance of geothermal systems can easily exceed that
of conventional, air-source heat pumps, with Coefficient of Performance (COP) typically in the range
of 3.5 to 4.5. These values translate to equivalent SEER ratings of 12 to 15.

C/A/P: Barriers to the use of geothermal systems are first cost and the land required for ground loops.
Geothermal installations may cost several thousand dollars more than conventional HVAC systems,
although some builders report lower marginal costs. Geothermal systems require a ground loop,
placed in horizontal trenches or vertical bores, or a source of ground water. Careful planning is
required to place ground loops, especially for installations where lots are small. Professional design is
important for assured performance. A significant number of electric utilities, as members of the
Geothermal Heat Pump Consortium, are promoting these systems and using financial incentives to
attract builders and home buyers.

Evaporative Cooling — Evaporative cooling refers to the cooling effect produced when water is allowed
to evaporate into air. The result is air that is both lower in temperature and higher in humidity than
before the evaporative process. The process reduces energy consumption because it eliminates the use
of a compressor driven refrigeration cycle.

C/A/P: Evaporative cooling is a viable method only in very dry areas, i.e. the desert southwest, and
equipment is generally available in that part of the country. Note that evaporative coolers consume
water, which may be a valuable resource in the very areas where they are most suited. Installation
practices are similar as compared to conventional air conditioning systems.
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Active Solar Space Heating — Active solar space heating refers to the use of solar collectors
independent of the structure of the home to gather heat for space heating. Generally, single glazed flat
plate collectors with a black selective coating collect heat via an air or water-glycol medium. The
heated air or liquid is then transferred directly to the living space or to a storage area via a fan or pump.
Usually, distribution to the home consists of a forced air system since hydronic baseboards or radiators
require temperatures of approx. 180 F, which are beyond the practical capability of active solar
systems.

C/A/P: Active solar space heating is relatively complex and very expensive to install. It is not likely
to be implemented in any significant number of homes without large financial incentives. President
Clinton’s Million Solar Roofs initiative will lend support to the development of affordable solar
technologies for space and water heating as well as electrical needs. At this time, incentives developed
at the state level primarily target larger commercial and institutional buildings and utility power
generation. It may take some time before potential advantages become available to the individual
homeowner.

HVAC Equipment Sizing and Matching — HVAC equipment is typically selected based on an
estimated maximum heating or cooling load. While undersizing can lead to comfort problems,
oversizing can lead to poor energy efficiency as well as comfort problems. Oversized equipment will
tend to cycle on and off more frequently, and thus, operating time is greater in lower efficiency
conditions early in each cycle. This is true in particular for refrigeration cycle equipment, including
heat pumps and conventional air conditioners. In cooling, less dehumidification occurs early in each
cycle, so frequent cycling leads to less dehumidification at a given temperature, which can be a source
of poor comfort. Oversizing and increased cycling of combustion equipment, while not representing as
significant comfort and efficiency implications as is the case for cooling systems, does result in wear
and tear on system components.

The standard method for determining the size of heating and air conditioning equipment is the Air
Conditioning Contractors Association Manual J. Research indicates that carefully executed Manual J
sizing can be considered adequate for determining system sizing.

C/A/P: The primary barrier to proper sizing of HVAC equipment is the resistance of builders and/or
HVAC contractors. This resistance may often be based on the desire to reduce the possibility of
callbacks due to undersizing and inadequate heating or cooling output. Some HVAC subcontractors
claim that they are not informed of design changes made during construction that affect heating and
cooling loads, and typically oversize because of this.

Duct Design and Location — Ducts placed in unconditioned areas including attics, crawl spaces, and
garages, have been shown to significantly degrade HVAC system performance. The performance loss
is due to two factors; air leakage, and conductive losses. Losses of 20 to 25% of space conditioning
energy are common for duct systems completely outside the thermal envelope. The best way to
address these potential losses, from an energy perspective, is to place all ducting inside the thermal
envelope, so air leakage and conductive losses are going primarily to the conditioned space. If this is
not practical, conductive losses can be mitigated by insulating and air-sealing ducts. The use of
flexible ductwork should be minimized for reasons of performance. Flex duct can have pressure losses
five times greater than metal ductwork.
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Even when located within the conditioned envelope, leaky ductwork will compromise equipment
performance as well as the efficiency of delivery of conditioned air. It can result in the
depressurization of basements, potentially resulting in backdrafting of the furnace exhaust gases. Air
leakage can be reduced by sealing ductwork with water-based mastics designed for this application.
The air tightness of duct work can be tested after installation, using calibrated fans and testing
procedures similar to blower door methods used for testing whole building air tightness.

Other aspects of ductwork design that help to improve system efficiency include minimizing elbows
and sharp turns, installation of turning vanes and scoops, installation of dampers at each take-off, and
proper sizing of registers.

C/A/P: The cost of sealing ducts is approximately one man-day and $50 of mastic. The best payback
is achieved in the areas of highest air leakage — for instance, at the plenum which has the greatest seam
length. It is also one of the easier areas to reach for purposes of sealing. One major barrier to air
sealing of ducts is the lack of familiarity on the part of many HVAC contractors with sealing materials
and methods. This may be overcome through training. Sealing and insulating ductwork in attics is
much more easily accomplished before drywalling, when all sides of the ducting are more readily
accessible.

Just as blower door tests assess air leakage in the whole house, duct blasting can assess air leakage in
HVAC delivery systems. Building science contractors, local utility programs, or local energy
conservation agencies are all sources of this type of testing.

Programmable Thermostats — Programmable thermostats that provide for automatic temperature
setback at various times of day do provide for some energy and thus cost savings. Although the
savings will vary depending upon climate and type of systems, reductions of 6%-10% can be realized.
Adaptive recovery thermostats should be used with heat pumps during the heating cycle. Otherwise,
the electric resistance element will come on every time the house calls for heat, rather than waiting for
the heat pump to do its job.

C/A/P: Programmable thermostats range in cost from $40-$60 (heat pump programmable set-back
thermostats are twice as costly). They allow options for more time and temperature settings and the
convenience of automatic setback vs. manual.

Whole House Ventilation — Whole house fans can reduce air conditioning loads if used properly.
Ventilating with cool outside air when possible can reduce operating time and therefore, the energy
consumption associated with the use of refrigerant systems. This reduction offsets the electrical
energy to run the fan. Opening windows on cool evenings can, of course, provide some cooling effect
even without fans. However, the larger air flow available with fan assist can be much more effective
in cooling down the structure. Saving energy with whole house ventilation requires adherence to
specific operating strategies, based on a daily evaluation of outdoor temperature. Simply put,
ventilation can save energy when outdoor air is cooler than the indoor temperature. But, if ventilation
fans are left on as outdoor temperatures rise, they may increase air conditioner operation. The
installation of an indoor-outdoor thermometer may encourage proper operation. In mixed climates,
fans should be sealed during the heating season to prevent excessive heat loss.

C/A/P: Whole house fans are readily available in all parts of the U.S. The installed cost is
approximately $200-$450. Proper use is a significant issue, and home owners should be instructed in
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proper operation. Whole house fans are notoriously difficult to air seal during seasons of non-
operation.

Ceiling Fans — Ceiling fans do not inherently reduce energy consumption. Like whole house fans, they
require proper operation. By increasing air velocity, ceiling fans make air feel cooler. If this cooling
effect is combined with a higher summer thermostat setting, comfort can be maintained while the
energy consumption of the air conditioner reduced. Because comfort is also determined by relative
humidity, something a ceiling fan can not affect but air conditioning can, the effectiveness of a ceiling
fan is highly variable. If the thermostat is not reset, no energy will be saved. Limited research
indicates little or no savings in practice.

C/A/P: Ceiling fans range in price from $50 to $1,000. The real cost differences are in the quality of
the motor and the efficiency of the blade design.

Water Heating:

Water Heater Fuel — The construction of a new home offers the best opportunity for making choices

regarding the water heating system and fuel type with maximum operational efficiency in mind. Of
course, fuel costs and availability in the particular region play an important role.

The history of competition between fuels, and desire to satisfy the major gas and electric suppliers has
resulted in attempts to promulgate “fuel neutral” energy codes and program requirements. Very few
energy codes or programs explicitly provide recognition to a specific fuel, or account for fuel cost.
Program requirements for a specific water heating fuel are likely to create conflicts with utilities.

C/A/P: Gas fired water heaters generally cost $150 to $250 more than electric water heaters of similar
construction and warranty, at minimum required efficiency levels. Yet, in locations with relatively low
natural gas prices and high electric rates, the use of gas may reduce the cost by 50% to 70% as
compared to the use of electricity.

Fuel choices are available virtually everywhere in the United States, with electricity almost universally
available, natural gas widely available in urban and developed suburban areas, and both LP gas and
fuel oil available, with some regional variation, on a delivery basis.

Water Heater Efficiency — Water heater efficiency is described by the “Energy Factor” rating.
National appliance standards (NAECA) establish minimum Energy Factors for water heaters as a
function of fuel type and size of storage tank with larger tanks having lower efficiencies due to greater
standby losses. The Energy Factor takes into account the overall efficiency at which the "fuel" (gas,
electricity, or oil) is converted to useful water heating energy, as well as the standby losses, the loss of
energy from the warm tank to the surrounding space.

For gas water heaters, Energy Factors range from .42 to .86. For electric resistance water heaters,
EF’s range from .81 to .96. Higher efficiencies are achieved through increased tank insulation and, for
gas and oil fired heaters, through improved heat transfer from the flame to the water. The highest
efficiency gas water heaters are condensing units. They are most often used with combined units
designed to provide space heating as well. As a generalization, operating costs for water heaters within
a specific fuel type can be assumed directly proportional to Energy Factor.
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C/A/P: In general, higher efficiency of water heaters is associated with other construction
improvements (such as additional corrosion protection) and/or longer warranties, which also increase
the sales price. Electric water heaters with improved insulation and somewhat improved Energy
Factors are available at low to moderate cost compared to standard units.

Gas fired water heaters, excluding the premium fully condensing designs, are also available across a
fairly narrow range of efficiencies, with higher efficiency associated with higher price. Some of the
higher efficiency gas fired water heaters offer venting options including direct venting through a
sidewall, and powered venting. Power venting adds considerably to the price of the equipment, but
also eliminates chimney costs and provides greater flexibility in venting. The use of power venting
with gas fired water heaters also eliminates the potential hazard of appliance backdrafting in tight,
efficient homes. Due to the high cost and the relatively low demand for condensing water heaters,
there are very few models on the market. Those that are available cost approximately $1500 more than
standard models.

Much of the marketing literature used by water heater manufacturers fails to include Energy Factor
information. The Consumers' Directory of Certified Efficiency Ratings, published by the Gas
Appliance Manufacturers Association (GAMA) provides a consolidated listing of Energy Factors for
water heaters of all fuel types. Programs promulgating water heater efficiency standards should
provide copies of this directory to local plumbing supply houses and participating builders.

Sealed Combustion — As with other fuel burning appliances, sealed combustion gas- or oil-fired water
heaters offer improved performance and reduce potential for backdrafting and associated indoor air
quality problems.

C/A/P: The cost of sealed combustion water heaters is approximately 3-4 times higher than those that
meet minimum federal standards.

Storage Tank/Pipe Insulation — Insulating jackets for water heater tanks and pipe insulation will reduce
standby heat losses. Given that water temperatures are 140 F, heat will be lost even to 70 F
conditioned living space.

C/A/P: Water heater jackets and pipe insulation are readily available, easy to install, and a relatively
inexpensive way to lower energy use and costs. Water heater jackets start at $10.

Water Heater Location — Locating the water heater in close proximity to the loads makes sense for
economic and financial reasons as well as energy efficiency. Construction costs are somewhat reduced
because piping distances are shorter. The shorter distances also reduce the time spent waiting for hot
water to arrive at the tap.

C/A/P: In order to place the water heater close to areas of use, bathrooms and kitchens must be in the
same vicinity. Although this makes sense from constructability and energy efficiency standpoints, it
may conflict with the homeowner’s preference for room layout and design.

Solar Water Heaters — In direct systems, domestic water is routed through solar collectors and sent to a
thermal storage tank. Systems in which dedicated water, an antifreeze solution, or air is used to
transfer heat to a thermal storage tank are indirect. The typical solar water heater can meet 40% to
60% of hot water demand in a home. Solar water heating systems have improved dramatically since
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the “70s energy crisis with lower capital costs, better materials for tanks and piping, better controls,
and better aesthetics.

C/A/P: The Department of Energy reports a payback period of 5 — 8 years on modern solar water
heating systems given reasonably sunny climates and electricity rates of $0.08/kWh. The
improvements in systems, financial incentives, and training/licensing of installers has brought the
industry a long way from the image problems of the 70s and ‘80s.

Drainwater Heat Recovery — Drainwater heat recovery systems reclaim heat from waste hot water to
preheat incoming cold water before it enters the water heater or is called for at another appliance. The
simplest system consists of a section of copper drain pipe coming from a tub, shower, or washing
machine wrapped with a copper coil that supplies cold water to the water heater. The potential
reduction in water heater energy use may be 20-30% or more in some cases.

C/A/P: Several drainwater heat recovery units are available commercially, and one, a very simple
device which provides a high rate of heat recovery when there is simultaneous supply and drain line
flow, is the subject of current field testing by NAHB Research Center. The equipment cost of this
system is approximately $180.

Hot Water Recirculation — Recirculation systems are first and foremost a water savings device. They
provide hot water more quickly to fixtures distant from the water heater, and are commonly used in
large residential buildings such as hotels. By beginning to circulate hot water before the tap is turned
on, the amount of water lost down the drain while waiting for hot water temperatures to develop is
reduced. However, conventional recirculation systems keep the water in lines hot at all times and
actually add to energy consumption because heat loss is increased. Demand-controlled recirculation
are those in which the person wanting to use hot water first presses a button in proximity to the fixture.
A pump begins circulating water so that hot water is available immediately when the tap is turned on.
Demand-controlled systems appear capable of offering the water savings and hot water service benefits
of recirculation without the energy penalty.

C/A/P: Recirculation is a program element driven by potential water savings rather than energy
savings, but where used, should be limited to demand-controlled or other systems that will not increase
energy consumption.

Combined Systems:
Combined/Integral Systems - The term "combined system" in the HVAC context means the use of a

single gas fired water heater to provide both domestic hot water and, by delivering heat through a coil
to an air stream, space heating.

Two types of combined systems exist:

1. Hot water coils from the boiler circulate through the insulated tank supplying domestic hot water.
During the heating season, one system provides both space heating and hot water needs. Because hot
water is stored in an insulated tank, the boiler does not cycle on and off as often, thereby reducing fuel
use.
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2. The second type of system uses a powerful water heater and space heating is delivered at the
“recovery efficiency” of the water heater. This is typically around 75% for gas water heaters. Since
this is lower than the required minimum efficiency for a gas furnace, combined systems using standard
water heaters will not save heating energy.

Systems using condensing water heaters, on the other hand, will deliver space heating energy at
efficiencies of over 90%, providing space heating energy performance similar to that of the highest
efficiency furnaces.

C/A/P: Some building or plumbing codes limit or prohibit the installation of combined systems, based
on requirements or concerns about mixing of potable water piping with space heating piping.
Combined system suppliers often claim installation cost savings and floor space savings. Since most
HVAC contractors are less familiar with combined systems than conventional heating equipment, the
installation learning curve may eliminate potential cost savings. Floor space savings are probably
available if installations are planned so that the air handler is suspended from the ceiling of the
mechanical area.

Guide Recommendations

e Establish AFUE appropriate for climate. Two levels of credit, >80-85% AFUE and
>90% AFUE may be appropriate depending upon type of system.

e Air Conditioning: SEER’s 11-14 depending upon climate and existing code requirements. Several
levels of credit may be appropriate.

e Evaporative coolers will be appropriate only in hot, dry climates.

e Require sizing of heating and air conditioning systems according to Manual J or manufacturer’s
equivalent procedure.

e Give credit for locating all ducts within conditioned space; or sealing with mastic and insulating all

ductwork in unconditioned areas.

Offer credit for whole house fans but not individual ceiling fans.

Offer credit for electric water heaters with EF > .94; for gas water heaters > .60.

Offer credit for demand-controlled recirculating systems.

Provide credit for combined systems if condensing water heater is used or if space heating is

required a substantial portion of the year.

e Radiant floor heating systems are not recommended for inclusion as a program element because
while these systems are noted for their comfort, there is no evidence to suggest that radiant floor
heating systems are inherently more energy-efficient than other delivery systems.

e Give credit for active solar systems for water heating depending upon suitability of particular
climate.

Resources:

The Energy Source Directory, Iris Communications. Lists over 500 products that help improve a
home’s energy efficiency from insulation and air barriers to heating and cooling equipment.
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Consumers’ Directory of Certified Efficiency Ratings for Residential Heating and Water Heating
Equipment, Gas Appliance Manufacturers Association, Arlington, VA. This directory lists the
efficiency ratings of all models of gas furnaces, boilers, and water heaters according to manufacturer.

HVAC Systems Evaluations, Harold R. Cohen, R.S. Means Co., Inc., 1990. Possibly a more thorough
discussion of HVAC equipment, components, and design than some might want but lots of good
information. Most importantly, explanations are clearly given so that you don’t need to be a
mechanical engineer to understand the system design and equipment operation principles that are
discussed. Again, good illustrations help a lot. The sections on problem-solving and troubleshooting
can be particularly helpful.

A Builder’s Guide to Residential HVAC Systems, NAHB Research Center, Home Builder Press, 1997.
This guide provides extensive information about HVAC sizing, design, and equipment selection
including focus upon considerations for energy efficiency.

Websites:

http://www.ebuild.com — Site of Environmental Building News, a monthly journal covering a wide
range of topics pertaining to energy and resource efficiency. Articles range from more practical hands-
on issues such as comparisons of framing systems and product review to more politically inclined
updates regarding environmental issues on a national and international scale. Articles regarding high
efficiency HVAC systems and water heating appliances are often featured.

http://www.plumbingworld.com — This company offers a wide range of plumbing materials and
supplies — primarily fixtures and fittings, however, rather than appliances.

http://www.fsec.ucf.edu — The Florida Solar Energy Center has done extensive research and testing
regarding a range of issues pertaining to energy efficiency in buildings. This site makes information
available about current research as well as results of previous work. Among the topics are
comparisons of different building systems, windows, HVAC systems, and photovoltaics.

http://www.its-canada.com/reed/index.htm — The Residential Energy Efficient Database is a Canadian
site that provides extremely useful information regarding many aspects of energy efficient home
design and construction. Specific topics addressed include: siting the building to take full advantage of
natural features to help reduce energy loads, building layout and design with several house plans of
varied size and style, a simplified method for calculating the approximate heat load of the home, and
guidelines for HVAC system design and sizing. Since this is a Canadian sponsored site, there is no
information regarding design considerations for cooling climates or AC systems.

http://www.energyoutlet.com/res/appliances/index.html — A builder or home owner can search this site
for a list of the most energy efficient appliances on the market. Suggestions for important questions to
ask when shopping for a major appliance are also offered.

http://www.eren.doe.gov/buildings/consumer_information/ — The Department of Energy site not only

provides information about appliance standards and EnergyGuide labels but also about energy saving
features of all major appliances.
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http://www.southface.org/home/sfpubs/sfjv298/breathe.html — The Southface Journal, a publication of
the Southface Energy Institute, contains articles on numerous sustainable building topics — including
an excellent discussion of methods and materials for sealing HVAC ducts.

http://www.eren.doe.gov/millionroofs — This site provides information about President Clinton’s
Million Solar Roofs initiative. A state-by-state listing of incentives for renewable energies may be of
particular interest. In addition, information about recent developments in photovoltaic technologies is
available.
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4. Energy Efficiency — Appliances and Lighting

Overview/Discussion

Unlike heating, cooling, and water heating, there is no range of choices for the type of fuel used to
meet our appliance and lighting needs. Most require electrical energy—for which 2/3 of the generating
energy is lost as waste heat before it even reaches our homes. However, electricity does provide a
safe, convenient way to perform many tasks that would otherwise be impossible or cumbersome.
Depending upon climate and the severity of space heating and cooling requirements, 20%-30% of a
home’s energy consumption goes into food preparation and storage, washing and drying clothes, and
illumination. Therefore, it is an important place to look for energy savings.

There can be a wide range in the energy performance of different electric models and types (and for
some appliances—stoves and clothes dryers—performance differences based on fuel type). Federal
standards regarding energy consumption and increased public interest in greater energy efficiency have
resulted in many improvements. With this have come increased options so that it makes sense to shop
around before choosing a particular refrigerator, dishwasher, or lighting scheme. The EPA Energy
Star program covers major home appliances and lighting. The Energy Star label can be an effective
way to identify appliances and lighting that represent significant energy and cost savings.

Appliances:

In most cases, the builder is likely to have reduced involvement in the choices that his customer makes
regarding appliance purchases. However, as mentioned with respect to resource efficient materials,
builders can provide home owners with information regarding more energy efficient appliances.

Refrigerators — As one of the largest energy users in the typical home, it pays to choose a refrigerator
carefully. There is a fairly wide variation in the energy efficiency of different makes and models of
refrigerators; so, it may require some time to research the various options. Usually, the larger the
refrigerator, the greater the energy use. However, this is not always the case since some 18 cu. ft.
models are better performers than their 16 cu. ft. counterparts. A side-by-side model generally is a
bigger energy-eater than one with a top compartment freezer and features such as icemakers and
through-the door dispensers also come with higher operating costs and higher price tags. All EPA
Energy Star refrigerators exceed the federal minimum standard for energy use by at least 20%.

C/A/P: Energy efficient models are widely available and most brands offer a variety of options.
Because many of those that are better performers also come with upgrade features such as glass
shelves and more flexible storage space, it is difficult to characterize the cost increase associated with
greater energy efficiency.

Dishwashers — The energy efficiency of a dishwasher pertains to three different aspects: water
temperature, wash cycle, and dry cycle. Heating the water comprises 80 % of the energy consumed by
an automatic dishwasher. A booster-heater increases the water temperature to 140-145 F. However,
this feature also allows you to turn down the thermostat on your water heater to 120 F, thereby
reducing overall water heating costs. For every 10 F reduction in temperature setting, 3-5% energy
savings for water heating can be achieved. Most dishwashers have a choice of wash cycles as well as
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an option for no-heat drying. A “light-wash” setting can reduce the amount of water used by almost
50% in some models and selecting the no-heat dry option eliminates the use of an electric heating
element to dry the dishes.

Although all dishwashers must display EnergyGuide labels, the usefulness of the labels can be limited
because the energy efficiency ratings do not include any measure of cleaning effectiveness. For
instance, the energy ratings are based on normal settings while claims regarding performance may
pertain to the heavy-duty pot-scrubbing mode. Furthermore, if you typically run the dishwasher on a
setting other than “normal”, the energy use will vary from the indicated performance (Also see Section
11 — Water Efficiency — Indoor Use). EPA Energy Star dishwashers use at least 13% less energy than
the federal minimum standards for energy use.

C/A/P: Dishwashers range in cost from $300 to almost $1,000. Energy-efficient ones generally start at
$450.

NOTE: EPA Energy Star clothes washers use 30% to 40% less energy than conventional washers. At
least one U.S. firm manufactures a high-tech vertical axis machine that qualifies for the Energy Star
program.

Horizontal Axis Washers — Horizontal axis washing machines also achieve their energy savings by
using less water as compared to conventional, vertical axis machines. Some models use 40% less
water and since water heating accounts for about 90% of a washer’s energy use, this yields significant
savings. The EnergyGuide ratings for h-axis washers can be misleading because the ratings do not
include any comparisons to vertical-axis washers.

C/A/P: H-axis washers are now produced by three major domestic companies and cost about $200 to
$300 more than a comparable v-axis machine. Some utilities and public-interest groups offer rebates
on h-axis machines.

Gas Dryers/Ranges — From a “primary energy” standpoint, gas appliances are a better match to
meeting the end-use energy needs required for drying clothes or cooking food. As mentioned earlier,
electricity is a high-grade energy used to meet relatively low-grade end-use requirements for heat.

C/A/P: The option of gas appliances depends primarily upon the availability of fuel. LP gas is
available across the country, but the availability of natural gas will depend upon the extent to which it
is cost effective for gas suppliers to develop the infrastructure. Typically, gas appliances are less
expensive to operate than electric with LP gas slightly more expensive than natural gas. First cost for
gas appliances is somewhat higher than for electric; LP gas appliances may cost slightly more than
those designed for natural gas. In areas with low municipal rates, co-ops, or night-rates, the balance
may differ for cost of operation.

Lighting:
Fluorescent Lighting — Both tube and compact fluorescent lighting reduce energy use by 50%-70% as

compared to incandescent lighting. Electronic ballasts and changes in lamp design have brought
improvements to the quality of light provided and suitability for use in most standard fixtures. Light
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quality is very close to that of incandescent bulbs and there is no longer the flickering hum typically
associated with fluorescent lighting.

C/A/P: Although more expensive than incandescent bulbs, (approximately $12-$20 vs. $.75), a
compact fluorescent bulb will last about ten times as long as an incandescent. Over its 10,000 hour
life, savings of approximately 60% can be realized. Compact fluorescents are widely available and
offer a range of wattages as well as bulb sizes.

Table 5 — Energy Efficiency (Appliances/Lighting) Checklist Summary

Appliances & Lighting Austin | Denver | Kitsap | New Guide
Mexico | Recommendations

Refrig max energy use

Dishwasher no-heat dry cycle

Horizontal axis washer

Gas dryer

Gas range

esiieslleshlesleshfes)

Provide gas appliance rough-in

Appliances in lower 25 to 50% of E E E
operating cost range

Provide info on appliance energy E
efficiency R

Light colored interior surfaces

Provide fluorescent lighting

™
esllesh les!

esl

i

Provide halogen lighting

Daylighting

Outdoor lighting energy savings

Sealed ICF recessed lighting

esiieshleshfes!

E
E
Photovoltaic System E E

Sealed IC Recessed Lighting — “IC” means that the housings for recessed lights are rated for contact
with insulation. Some of these still have “holes” in the housings; so, sealed means that there are no
holes or penetrations. Space between these housings and adjacent drywall should also be caulked to
prevent additional air flow. If there is room for insulation above and around the housing, there should
be no compromise to insulating value. Installation in cathedral ceilings or joist cavities can present
problems due to inadequate room for insulation.

C/A/P: The cost of housings rated for installation in an insulated ceiling is equivalent to unrated
housings (about $15) and these are readily available from electrical lighting suppliers. Sealed housings
may be less available and come with about a $5 premium.

Halogen Lighting — Halogen lighting is 30-50% more efficient in producing useful light output than
incandescent lighting when used in appropriate situations. It is advantageous when a high quality,
focused light is desired and is often used to illuminate artwork or in retail display. Recently, halogen
bulbs have become popular in homes for use in torchieres or free-standing floor lamps which direct
light upwards towards the ceiling. In such situations, the amount of light output per watt of electricity
used drops drastically. Furthermore, such lamps are often placed too close to walls or ceilings and
pose increased risk of fire due to the intense heat generated by the bulbs. Halogen lamps are common
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in “designer” light fixtures and are generally considered a design upgrade, purchased for reasons other
than energy efficiency.

C/A/P: Halogen lights do not offer the array of options that is found in the selection of incandescent or
fluorescent bulbs. Their cost is about 2-3 times higher than incandescent lamps but they last much
longer.

Daylighting — The most common examples include skylights, light tubes, clerestory windows, light
shelves, light-colored walls and particularly ceilings, and sidelights in doors. The thermal gains and
losses with various daylighting options must considered.

C/A/P: The energy penalty associated with most conventional skylights is the reason some programs
prohibit much less give credit for them. The newer light tubes have demonstrated electric lighting
savings. However, while the heat gain and loss associated with light tubes is dramatically less than
conventional skylights, no studies are available on the net energy savings with associated heat loss and
gain. The orientation of clerestory windows is critical to their performance. The color of interior walls
and particularly ceilings is difficult to give credit for since light colors are such common practice.

Outdoor Lighting — Outdoor lighting is desirable from a security and safety standpoint. However, the
time these lights are on can extend well beyond their actual use or need. Motion detectors can save
energy by turning lights on only when they are needed. Solar powered-lights that charge during the
day are also an option for satisfying outdoor lighting needs in an energy efficient manner.

C/A/P: Motion detectors can be installed on any outdoor fixture and cost approximately $30.
Photovoltaic lamps cost about $50.

Photovoltaics — Vast improvements have been made in photovoltaic (PV) cell technology over the past
twenty years. However, despite engineering improvements and subsequent cost reductions, it still is
not a commonplace technology in most homes. The amount of power produced by a PV array and
delivered to the load depends on a number of factors:

The intensity of sunlight striking the cells

The operating temperature of the cells
Matching power output of the array to the load
Internal matching between cells and modules

Peak power output is very sensitive to the amount of light received and the temperature of the cells.
Because these conditions constantly vary, power output is variable as well. Current efficiencies of PV
cells are in the range of 20-25% with tracking systems improving performance but also increasing
costs. In addition to panels that can be installed on a roof or on the ground, the thin film technology
has also been applied directly to roofing materials. The system typically requires an inverter and deep
cycle batteries for storage unless “excess” power can be fed back into the utility grid.

C/A/P: Although the cost of a PV system is still high (about $0.25/kWh), the costs continue to decline
with technology breakthroughs in cell manufacturing and with economies of scale in production.
Some utilities are offering automatic buyback of surplus electricity, eliminating the need for costly
storage systems, and GMAC financing recently announced a financial incentive package in
cooperation with the National Solar Electric Association (NSEA). Systems must be designed and
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engineered by professionals. Newer products called building integrated photovoltaics (BIPV) show a
lot of promise in terms of functionality and aesthetics. President Clinton’s Million Solar Roofs
initiative, may make photovoltaic technology more widely available either directly or indirectly
through investment by local utilities.

Guide Recommendations

In addition to the one required item, consider requiring one additional element from this content area.

e Offer elective credit for refrigerators and other major appliances that perform in the t