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ABSTRACT

This thesis examines the developing demand for environmental and health improvements in
construction. It identifies investment opportunities which satisfy these market changes and develops a
framework to analyze major green issues across top market segments.

Also called green building, this construction trend addresses four main concerns with buildings -
energy efficiency, water conservation, indoor air quality, and material conservation and reuse. While
all four concerns are not entirely new to the building market, the combination provides an
opportunity for innovation in developing, producing, and distributing new products and services to
the market.

Through an analysis of traditional construction markets, examples of model green buildings, and
descriptions of major environmental and health concerns, the reader is introduced to the
opportunities and barriers in this important and growing field. Subsequently, the thesis provides
detailed perceptions of green building by the key decision makers in the residential, commercial, and
institutional construction sectors. The four main drivers in green building are ranked in terms of
growth opportunity and accompanied by specific product and service opportunities. Finally, these
opportunities are analyzed for potential market size, barriers to growth, and suitability to outside
investors.
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CHAPTER 1: INTRODUCTION

Section 1: Outlining the Hypothesis

A. An Underrecognized Market

As a broad subject, green building currently attracts little attention from the investment community,
the business press, or for that matter, construction trade groups. The term tends to isolate many
writers and readers who consider it one more marketing trend. Despite these reservations, however,
the issues and markets behind green building do warrant attention from business interests. Issues of
operations costs savings, high quality work spaces, and safe environments are important to everyone

inside and outside of the building industry.

When most people think of anything “green” they think that (1) it must carry a hefty price premium
and (2) it will not fit into a normal lifestyle because it looks unusual or requires extra attention.

Green building, when executed well, is neither of these. It provides intelligent solutions to basic
building issues. In fact, elements of green building are already on the market, and are already noted
for their low-maintenance qualities, durability, and lower operating costs. One does not need to work

or live in a dome house or underground building to support green building initiatives.

Green building successfully marries both real business issues and real environmental issues in a way
which is accessible by almost everybody. Every employee, every family, and every company deals
with buildings at some level of detail. Whether it is developing a multi-million dollar office complex
or selecting a new coat of paint for a child’s room, green building issues are or should be considered

in the decision making process.

B. A Growing Trend

Interest in green building has seen a marked increase in the past fifteen years. Emerging from the
energy conservation efforts of the late-seventies and becoming a driver in its own right in the mid-
1980’s, green building reached national recognition with a watershed project in 1992 by the
National Audobon Society (to be discussed in further detail in Chapter 3).

Great activity in green building exists in pockets throughout the United States. In many areas,
building professionals address issues of sustainability and the built environment, but three

noteworthy municipalities have developed formal programs which act as inspirational models for



other cities. These regions are Austin, Texas; Boulder, Colorado; and Kitsap County, Washington.

Furthermore, top national firms in the building industry are involved: the large U.S. commercial
builder, Turner Corp., and the largest U.S. architectural design firm, HOK, each have active

departments specializing in the design and construction of greener buildings.

From the kernels of mainstream recognition in 1992, the issues behind green building have grown in
both public awareness and project scope. Trade journals for builders, architects, and engineers
regularly cover issues related to energy efficiency, water conservation, material conservation, and
indoor air quality and feature recent green buildings in design reviews. Articles in home renovation
magazines and cable television shows increasingly touch on issues of green building, while
specialized green building journals and newsletters have developed. Finally, The Wall Street Journal

and other major business publications feature green building issues more frequently.

C. Latent Demand

Despite initial steps toward public recognition, green building is not currently recognized as an issue
in and of itself by most levels of decision makers - from the public, to distributors, to builders, and
real estate agents. Most of these professionals say that neither their clients nor themselves are
particularly interested in green building; many, in fact, say they are completely unfamiliar with the
term. This may be partly due to a lack of time to develop recognition and partly due to barriers in
the market which hinder further mass market acceptance. Despite this unfamiliarity, most parties are
concerned at some level with energy usage, recycled materials, physical reactions to chemicals or
water use. The lack of a unified, consistent message, though, decreases the ability for programs to

reach a mass audience.

In addition, the construction industry is particularly noteworthy for the slow pace at which change
occurs in the mainstream market. As discussed in Chapter 2 of this paper, the industry is highly
fragmented, relies on skills and support of many unrelated decision makers and is highly influenced

by government regulations.

Despite the lack of recognition currently for green building and the barriers to change within the
industry, this trend has potential for investment opportunities. For one, the construction and building
materials industry is very large - $700 billion - meaning the market potential for most common
building materials is significant. Secondly, green building is grounded in environmental drivers
which are expected to only grow in the near future. If anything, concerns with global warming, solid

waste generation and natural resource conservation will become more complicated in the future.



Regulations may or may not be the major driving factors, but economics often will, given that the

subject is recognized by the decision maker, and the solution is actionable.

Section 2: The Largest Market Opportunities

While green building is interesting and relevant for all construction projects and facility owners,
certain market segments show greater promise than others. As an initial overview of green building
this thesis will focus on only the top three markets in the segment. This does not mean that other
segments are not important, but only that they seem initially less attractive for current investments.

The chosen segments are homebuilding, commercial and institutional construction.

A. Homebuilding

Homebuilding is the largest market segment within the construction industry. If green building were
able to capture only 10% of the new home construction market, that one segment would equal $16

billion - larger than many entire industries.

While the majority of homebuilding companies are not currently focused on green building,
individual Homebuilding Associations (HBA’s) have indicated interest on a regional and national
level. The National Association of Homebuilders (NAHB), the largest national trade association for
residential construction, started its own national Green Builder program in 1997. As an initial phase,
it is co-sponsoring a local Green Builder program in Atlanta, in conjunction with the Environmental
Protection Agency (EPA). The Atlanta program is at the study phase presently - developing focus

groups of homeowners and homebuilders and developing the basis for a new program.

The NAHB - Atlanta program will be patterned after three existing local models. Though less than
ten years old, the Austin, Texas program is considered the “grandfather” Green Builder program in
the U.S. Among its many national and international accolades is a 1992 award from the United
Nations Earth Summit in Rio de Janeiro as one of the twelve most innovative local environmental
programs in the world.! The Boulder program has existed for three years and the Kitsap County
program was initiated in February 1997 and as of December 1997 has enrolled 20% of all local area

builders.

! City of Austin Green Builder Brochure.



B. Commercial Buildings

The next largest market segment consists of private sector commercial projects, includes primarily
office buildings, shopping centers, and hotels and accounts for $86.7 billion. While green building in
the residential market may grow through regional hubs, green building in the commercial sector will
grow through a few key projects. Though this sector is significantly smaller than homebuilding,
individual projects are proportionally much larger than the average homebuilding project (i.e.: One
house at $300,000 is only .0002% of the $160 billion residential market, while a $300 million office
complex is roughly 1% of the $28 billion office building market).

The commercial sector is expected to welcome green building because of demonstrated initial interest
by a few progressive companies and a good fit with general business goals. In the last five years,
several U.S. and international companies operating in the U.S. have built their own facilities with
distinctive goals for environmental and health characteristics. Major headquarters, plants and support
facilities have been funded by Duracell, Sony, Microsoft, The Body Shop, the Gap, Herman Miller
and others. Their green buildings include such elements as non-toxic materials, energy conserving
technology, and recycled materials. In addition, one speculative office building is under construction
using green technologies and specifically promoting itself as environmentally friendly and health

conscious. This facility, 4 Times Square, in New York City, is profiled in Chapter 4.

These buildings may promote the ethics of the owners, but they are also good business investments.
Initially, the construction cost of a green building will be on-par with a traditionally built facility, or
marginally higher, depending on the extent of changes to the building system. Over three to five

years, however, the lower operating costs will increase the net present value (NPV) of the facility.

If the commercial owner is not impressed with operating cost savings, the benefits improved work
environment should be convincing. Green buildings focus on healthy environments as well as
environmentally sound structures. For the typical office-centered company, the payroll accounts for
the majority of annual expenses, while building operations are generally less than 5 percent. From
this, it is clear that increasing productivity, reducing sick time, and reducing turnover is a valuable

tool for a company.

Healthy environments have been proven to improve all of these factors. Internationale Nederlanden
Bank invested an additional $700,000 in energy efficient systems, improved ventilation and non-toxic

materials when it constructed its new headquarters in 1987. The result was a $2.4 million annual



savings in energy and a 15 percent drop in absenteeism - which saved an additional $1 million.” In
the litigious U.S. context, green buildings may also reduce the risk of liability from sick building
syndrome. Finally, building a green building is a good opportunity for a company to differentiate

itself from competitors - either in attracting employees or in publicizing itself to its customers.

The commercial sector, and particularly the owner-occupied sub-sector, is a good focus for green
building because large commercial building owners build with such economies of scale that they are
able to influence the market. The Gap, for example, has a subsidiary which develops its new stores:
planned new store development in 1997 is 200 stores, with 300 more in 1998. Likewise, Dayton
Hudson Corp., the largest U.S. department store chain, has a building inventory worth nearly $6

billion and spent over $300 million on construction in 1996.*
C. Institutional Buildings

Institutional construction is the third focus of attention for green building. This sector includes
schools, universities, and hospitals - and focuses primarily on privately operated institutions. Public
institutional facilities may be just as active in green building, but the bureaucracies surrounding them
make change and new product introductions difficult. This difficulty is especially visible in local

schools.

The institutional sector is currently experiencing a very high construction rate which makes the sector
attractive, even though it is fairly small. In addition, institutions are often willing to accept longer
payback periods for newer technologies which will save them operating costs in the long run. Like
the commercial sector, larger institutional facilities have a lot of clout in the building industry; for
example, Columbia / HCA Health Care, the large Health Maintenance Organization, operates over 330
hospitals and health facilities worth $7 billion. Its 1996 construction program contributed another

$600 million to this inventory.’

Section 3: Lower Priority Construction Segments

While the entire construction industry is an appropriate target for green building, this thesis focuses

on only the top perceived markets at this time. For space constraints, this criteria rules out other

2 David Malin Roodman and Nicholas Lenssen. A Building Revolution: How Ecology and Health Concerns Are
Transforming Construction World Watch Institute 1995: 45.

3 Tulacz, Gary T. “The Top Owners.” ENR, November 24, 1997: 35.

4 Tulacz, 35.
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sectors which have great potential, but are slightly more complicated or mature. These sectors include

both new construction and renovation and repair work.

In new construction, industrial facilities, heavy infrastructure, and public facilities were ruled out of
the study. Industrial facilities have made strides in recent years in environmental aspects of their
operations. Generally, these have focused on process technologies instead of building changes.
Since there is still room left for advances in process work, green building may not be the most
valuable focus at this point. Heavy construction (the construction of roads and bridges) uses a
limited selection of materials. Of those materials, many have already pushed boundaries in terms of
the recyclability of materials and other environmental factors. This segment is perceived to have little

room for improvement in using green building materials.

Public facilities have also been ruled out. Product differentiation is difficult because regulations limit
the specification of brand name products for federal projects. State and local governments can be
more flexible, but are generally difficult and slow in response. Noteworthy exceptions exist and
warrant further study in the future. Three federal agencies stand out in their green building efforts
and these include: the National Park Service, the General Services Administration, and the U.S. Navy.
All have initiated green builder programs in the last five years with varying levels of complexity.
These programs have included specification guidelines for product selection, design guidelines and

procedures for field implementation officers.

The large construction sector focusing on repair and remodeling will be discussed in a cursory
fashion and mostly in contrast to new construction in the residential, commercial and industrial
segments. Because decision makers, distribution channels, and products for repair and remodeling
can be quite different from new construction, further research on this subject alone could yield

valuable information.

Section 4: Primary Obstacles to a Growing Green Building Market

The major risk to investing in this market is the slow pace of change in the industry. This lethargy
results from fragmented decision-making in design and construction, financing risk, building
regulations, and the training of construction trades. In the United States, particularly, decisions in the
design and construction process are highly compartmentalized. Generally, architects, engineers,
general contractors and subcontractors come from different companies. In public construction, in
fact, they are required by law to be independent for objectivity. Existing incentives deter parties from
recommending changes that are outside of their traditional scope of work. Details of the interaction

between design and construction professionals is further described in Chapter 2.
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Section 5: Recommended Investment Opportunities

Given these discontinuities in the market place in general, and for green building in specific,
opportunities to the investor interested in this industry include information flow, distribution,
manufacturing or licensing of new products, marketing of existing products and green building

construction. Depending on the skills and risk-aversion of the investor, ideal opportunities will differ.

These opportunities are discussed and prioritized in detail in Chapter 6. Initial hypotheses for
improving information flow include developing a catalogue of green building products, providing
inexpensive consolidated access to product information through a consortium of producers, and

developing easy to understand, easy to act on information to the end-user of the building.

Distribution could be improved through consolidation of several small producers either through
acquisition or formation of a consortium. Increased penetration of traditional distribution channels
would increase exposure of products and availability. Also, alternatives to traditional distribution -
through specialty green distributors or internet access - could provide green building materials an
opportunity to circumvent traditional producers and gain an edge in future delivery. Marketing
programs for both small product manufacturers and builders of all sizes will help increase the

recognition and potential premium paid for green products.

Section 6: Structure of this Thesis

This thesis presents a broad overview of business opportunities in the emerging field of green
building. Intended for readers who are only marginally familiar with the construction industry and
associated environmental issues, a background of the industry is presented, as well as highlights of
interesting trends for the future. The final result is a roughly prioritized list of investment

opportunities which span the green building field.
A. Industry Background and Environmental Concerns

Chapters 2 and 3 outline the primary forces defining green building. Chapter 2, describes the
structure of the traditional construction and building materials industries. This includes a summary
of recent construction census data, a description of the key decision makers in each construction

segment, and expected trends for the next five to ten years. An overview of the building materials

12



industry follows and presents the market value, business trends, top competitors, and distribution

channels.

Chapter 3 provides a background on the environmental and health concerns that make green
building relevant to the construction industry. This section focuses on global, regional, and personal
issues. The impact of buildings on each issue is described, followed by regulations and market

pressures which will continue to drive green building in the future.
B. Examples of Green Building

Chapter 4 illustrates various approaches to green building. It outlines common solutions through
both building design and material specification. A range of recent projects for different types of
clients is detailed to give the reader a sense of what has been done already. This tangible evidence of

progressive green architecture will provide a baseline on which additional investments could build.
C. Identifying and Screening Investment Alternatives

The final section of the paper analyzes specific opportunities for business investment within the green
building framework. In chapter 5, industry needs are first outlined by one of four main green
building criteria - energy conservation, indoor air quality, water conservation, and material
conservation and reuse. After a description of common market perceptions and approaches, each
issue is mapped against the potential market segments and ranked according to high, medium, or low
growth opportunities. Particularly strong sub-segments will be identified for each construction
market. Once all four issues are reviewed, they are compared in the screening framework shown as

Figure 1 below:

Figure 1: Screening Template for Green Building Issues and Top Markets

Indoor Air Energy Material Water
Quality Efficiency Conservation/ Conservation
Reuse
Residential
Commercial
Institutional

Within each market and issue, key decision makers will be discussed with respect to their different

capabilities and interests in implementing green building ideas. Specific barriers and opportunities to

13



each green issues build on the information provided in chapters 2 and 3 and are identified and

ordered as shown in Figure 2.

Figure 2: Template of Decision Makers

Market Decision Indoor Air Quality
Makers

Priority Impact

Residential Homeowner
Homebuilder
Architect
Remodeler

Commercial Owner
Executive
Facility Mgr.

Tenant

GC

Architect

Developer

Institutional | Trustee/Board
Facility
Manager
Architect

GC

Where a decision maker is identified as having a high priority for a certain green building issue, this
implies a personal incentive to understand and influence decisions affecting this issue. On the other
hand, where the person is identified as having high impact, they will have both the authority and skill

to influence decisions. As will be discussed, the two are rarely matched perfectly.

Following these matrices, the segment on each green issue concludes with a list of innovative product
ideas to be considered for investment. Each opportunity will then be briefly described, including a
description of the product, noteworthy companies in the field, market maturity, potential for market

entry, and technology development.

Following the discussion by individual sections, green building will be addressed holistically.
Interesting opportunities in the service industry are described as they relate to information, marketing,
and construction. Details on each opportunity are listed following the same format as outlined for

the four green issues.

14



In chapter 6, all business opportunities are screened and prioritized based on investment horizons.
Figure 3 diagrams the series of screens through which each product opportunity will be analyzed -

eventually arriving at four levels of investments in green building.

Figure 3: Screens for Investment Opportunities

Mature

Market Maturity
Emerging - “Easy Wins”

Growth M etrﬁ’/y

All Investment >
Opportunities
T Emerging - “Long Range”

Potential - ‘“Visionary”

Ideas will be screened by general market opportunities, including possible growth levels, investment
horizons, and alignment of priorities with the decision makers. The ideas are then segregated into

mature, emerging, and potential opportunities as defined in Figure 4 below:

Figure 4: Overall Ranking of Investment Opportunities

Mature Opportunities Emerging Opportunities Potential Opportunities

® Few additional technology e New technology ® New technology development
changes in current industry. developments expected, but expected, still in R&D

¢ Consolidated industry with fairly well understood. o Totally fragmented industry
high barriers to entry. ® Fragmented industry in the ® Room for market entry

o Existing Commercial process of consolidating. .
Market ® Commercial market development

® Room for market entry beyond five years

® Commercial market
development within five years

® No market leadership

® Current market barriers to growth -
cost, building codes, technologies

Mature opportunities will be applicable to investors already within a specific industry, while emerging
and potential opportunities are relevant for all investors, depending on investment goals and horizons.
Emerging opportunities will be most suitable for near term investors, while potential investments will

be longer term and riskier. Emerging opportunities includes a wide range of products and are

15



further segmented into two categories - also by investment horizon. The metrics listed in Figure 5

will be used to further analyze these specific products.

Figure 5: Emerging Opportunities Analysis Metrics

e Target Market
¢ Replacement for existing product or new product
e Equivalent Traditional product
» Projected future market size and growth
¢ Size of Equivalent Product
¢ Potential Size of Green Replacement (10 %)
e Price Premium
¢ Opportunities for outside investors
e Fit with current construction practices

e Barriers to Growth

Based on these metrics, ideas in emerging opportunities will be roughly prioritized. Finally, where
large barriers do exist to future growth, thoughts on what would need to change (ex: external

regulations, product cost, building practices) to make the idea successful will be discussed.

The results of this analysis are four levels of potential investment opportunities which are accessible to

a broad spectrum of investors.
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CHAPTER 2: INDUSTRY BACKGROUND
Section 1: The Construction Industry

Before initiating a more thorough description of green building trends and related investment
opportunities, one must first understand the market dynamics of the traditional construction and
building material industries in which green building will develop. Ideal opportunities will be those
which leverage current changes in the market, resolve problems beyond environmental and health

issues, and appeal to multiple parties.

A. Overall Market Size

The United States is one of the leading construction markets in the world, employing 7.2 million
Americans and accounting for over 7% of the Gross Domestic Product (GDP). This market size
makes construction one of the largest industries in the country. The U.S. is also a net exporter of

construction services, which totaled $25 billion in contract value in 1996.

The total value of new construction put in place in the U.S. equaled nearly $570 billion in 1996, an
all-time record. This total can be segmented between public and private construction and further by
sub-markets. As shown in Figure 6, private construction constituted the majority of spending in 1996
at $437 billion or 77% of the total and was divided into roughly 57% for residential construction and
43% for non-residential. Public construction made up only 23% of total spending and was heavily

weighted toward state and local projects.

Figure 6: Total Construction Put in Place, $ billions

Federal: $16

State & Local: $116 Public: $132

Nonresidential: $189

Private: $437

Residential: $247

Source: U.S. Department of Commerce, Value of Construction Put in Place, July 1997,
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The data presented here includes new construction and improvements for the residential market, but
only new construction for all other segments. To approximate the total new and improvement
market, we can use data from the more thorough 1992 census which indicated that 65% of the
construction business is made up of new construction, while approximately 20% is additions and
alterations, 10% is maintenance and repair, and 5% is unaccounted for'”. This would increase the

total construction market to roughly $740 billion in 1996.

Public and private construction can be segmented further by end-user:

Private Construction

Residential

Private residential construction produced 1.45 million housing starts in 1996 and constituted over
43% of the dollar value in the construction industry. The single-family housing segment dominates
the market, leaving multifamily housing construction at only 10% of the total. Private-sector
residential construction is heavily weighted toward new construction (72% of total value put in place
in 1996), but residential improvements are still significant at $68 billion. It is important to note that
this tends to the low side of an estimate, because only materials and subcontracted work are counted
in the renovation of owner-occupied single family homes. Labor by the owner is not included.
Renovation of single-family homes is generally broken down further into roughly 60% additions and
alterations and 40% maintenance and repair. Multifamily improvements, on the other hand, are
primarily maintenance and repair. Though it is a small segment, multi-family construction actually
spends more on repair and improvements than residential does for the same square footage. Figure 7

shows details on the residential market.

7y.S. Department of Commerce, “Trends in U.S. Construction , 1997 to 2001.” Construction Review, March 22,
1997.
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Figure 7 : Residential Construction

Residential
Improvements
$68
Multifamily Single Family
New New

Source: U.S. Department of Commerce, Value of Construction Put in Place, July 1997.

This data does not include the $6 billion in manufactured homes shipped in 1996. Manufactured
housing shipments have risen rapidly in the 1990’s, from 171,000 units shipped in 1991 to 370,000
in 1996. A separate category, wood prefabricated home products, reached an all-time high of $3.2
billion in 1996. Currently, modular and panel housing manufacturers produce approximately 11 to
13 percent of the single family housing.”® This category’s share of the housing market should
increase slightly as builders learn about the cost advantages of modular components and as

consumers become more aware of the quality and affordability of this option.

Non-residential

Private nonresidential construction includes all buildings and other structures owned by American
businesses and non-profit organizations, excluding housing and mining. The gross replacement
value of the private nonresidential structures that existed in 1995 was estimated at nearly $5 trillion
and included manufacturing plants, office buildings, stores, hotels, hospitals, farm buildings, utilities,
churches, railroads, and private schools. In 1997, the value of new private nonresidential construction
is expected to be $187 billion, of which $149 billion is for buildings and $38 billion is for other
structures. In addition to the $187 billion in new construction, at least $120 billion will be spent on
nonresidential remodeling, repair, and other construction improvements. Exact data on this type of

work, however, is very hard to track.

'* Wendy E. Jovan and Joseph Benoy, “Industry corner: the Outlook for Manufactured Housing in the United
States.” Business Economics, July 1997.
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As shown in Figure 8, non-residential new construction is divided loosely into commercial,
institutional, and industrial work. For the purposes of this paper, commercial construction includes
offices, non-office commercial (of which shopping centers compose 50 percent), and hotels. This
totals $87 billion, or 46% of non-residential construction. Institutional construction includes private
hospitals, private schools and religious facilities which made up $23 billion in construction in 1996.

Industrial was $32 billion and public utilities were $35 billion.

Figure 8: Nonresidential Construction, $ billion

Industrial: $32

Office: $27.6

Industrial: $32

Other: $11.5 Commercial:

Institutional: $86.7

$30.1 Non-office:

$ 473

Educational:

$6.6
Hotels:

$11.8

Source: U.S. Department of Commerce, Value of Construction Put in Place, July 1997.

Public Construction

In 1996, at only $16 billion, direct federal spending on construction was a small portion of total
public expenditures. The majority of this was spent on conservation, military facilities, housing,

federal office buildings, prisons, court houses, and postal facilities.

Federal capital is often passed down to state and local agencies where they are combined with local
funds. This total is significant and is broken down into nine main categories. State and local
government construction spending is focused on streets and highways ($36 billion - 31% of state and

local total) and educational facilities ($21.5 billion - 19% of total).
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B. Focus on Top Market Segments
Residential

Economics

The residential construction sector is highly fragmented for its large market size. In 1992, over

130,000 establishments were classified as residential contractors by the Bureau of the Census.” In

addition, over 350,000 were characterized as special trade contractors. Over 100,000 establishments

were counted as small builders - those with only one office, an average of 4 employees, and average

annual construction work under $500,000. Large builders - those who build at least 500 units per

year, have accounted for only 1 to 2 percent of home builder establishments since the 1950’s though

some growth in this segment has occurred recently. By sales, the top five builders make up 4.3% of

the total residential market. Details on the top 10 U.S. home builders are shown in Figure 9.

Figure 9: Top Ten Builders

Company Sales, Profit Growth, Return on Housing
$ Margin 5-year Capital, 5 Starts,
mil.* 1996, %* average*, % yr ave*, % 1996%*
Centex Corp. / Dallas, TX 3,509 2.3 9.3 9.4 12,904
Pulte Home Corp. / Bloomfield Hills, MI 2,294 7.8 12.5 12.9 14,443
Kaufman & Broad Home Corp./ Los Angeles 1,745 def NM 6 9,944
The Ryland Group/ Columbia. MD 1,592 def 5.5 3.6 7,867
Champion Enterprises / Auburn Hills, MI 1,588 4.3 29.4 NA 60,000%
US Home Corp. / Houston, TX 1,182 3.6 15.5 NA 7,573
Del Webb Corp / Phoenix, AZ 1,109 def 38 2.4 5,800
NVR Inc. / McLean, VA 1,100 2.3 NM NA 5,690
Lennar Corp / Miami, FL 1,079 7.4 24.8 8 5,795
Oakwood Homes Corp / Greensboro NC 974 7 46.4 12.2 25,351%

Source: *Forbes, Annual Report on American Industry, January 13, 1997, p. 126-127.

**1997 Professional Builder’s Annual Report of Housing’s Giants.
Definitions: i Factory-built units; NM: Not Meaningful; NA: Not Available; def: Deficit.

Serving 65 million U.S. homeowners, residential building is challenged by low margins, easy entry

and little differentiation between companies and products. As shown in Figure 10, outside factors -

19 Ahluwalia, Gopal, “Structure of the Construction Industry”, Housing Economics, NAHB, June 1996, p.5.
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such as material prices, labor costs, and subcontractors -have a great impact on builder margins.
Larger builders work from pre-designed floor plans which are repeated in a moving-factory type of
assembly from site to site. All builders, and large builders particularly, are hesitant to make major

product changes unless cost savings are assured and the product is well-tested.

Figure 10: Construction Cost Breakdown of the Typical House
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Source: Marshall & Swift Residential Cost Handbook, 1996.

Distribution of building materials varies in the residential market both by product type and builder
size. Large builders typically order commodity and bulk materials directly from the manufacturer
and receive them directly on large sites or store inventory in company-owned hubs. Small builders,
on the other hand, rely heavily on lumber yards to stock most materials and hold little inventory on
site. Small builders, especially, expect short material lead times and often make daily trips to lumber

yards to purchase individual items.

Builders as a whole are reluctant to take market risks on house characteristics and usually work with
what is accepted currently. Small builders generally work without an architect, except for some
custom houses where the homeowner has retained one. Large builders hire an architect on retainer or

buy completed plans directly for a flat fee.

The typical house in the mid-1990’s is larger than its predecessors in the 1970’s and 80’s and

contains more amenities, but has a smaller lot. Today’s average house includes 2100 square feet, 3.5
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bedrooms, 2.6 bathrooms, 14.5 windows, and 3.8 exterior doors.” Other changes from the 1970’s
include a high percentage of central air conditioning in new homes, the replacement of electric heat

with gas, and the use of vinyl and stucco siding instead of brick, wood, and aluminum.

Trends in Residential Construction

Residential construction is expected to grow slowly over the next five years. While new home starts
will remain flat, home improvement and repair work will continue to increase at about the same rate
as the GDP. Demographic factors, such as declining numbers of young adults in the prime home
buying age and an increasing over-65 population will change housing needs. Individual regions -
such as Atlanta, Phoenix, Austin, TX and Denver - are expected to see continued high growth. In
addition, the manufactured home sector and the wood prefab industry are expected to see continued
growth in to the next century with new advances in building components and Computer Aided
Design (CAD) capabilities.

Broader marketing and new market entrants are also developing. Larger home builders are
expanding their service offerings to include mortgage financing, pest control, security, insurance,
roofing, remodeling and repair. Also, large commercial contractors are entering the market -

primarily through acquisitions of mid-sized home builders.”

New Materials and Construction Techniques

Materials used in residential construction have changed little in recent years and 94% of single-family
houses are constructed on-site using dimensional lumber. Slight increases in the use of engineered
lumber (wood I-joist and open web joists) and panels (Oriented-Strand Board (OSB) and others) have
emerged as has a trend toward low-maintenance exterior finishes made from composites of cement,
wood, and/or plastic. The construction process has recently leaned toward premanufactured elements
due to a shortage of skilled labor in this period of low national unemployment. The most common

premanufactured items include pre-hung doors, roof trusses, wall panels, and stairs.

Centex Homes’ model home of the future, currently under construction in Dallas, showcases the
following new products from 36 sponsors and building product manufacturers: Framing with
engineered wood I-joists, top plates and subfloors; roofing with OSB sheathing laminated on the
underside with a new foil radiant barrier and covered with both laminated asphalt/fiberglass shingles

and series-connection photovoltaic shingles. The house is wrapped in a flexible foam sheathing with

% Ahluwalia, 5.
2Krizan, William G. and Tim Grogan. “Building Small is a Bigger Market.” ENR. February 3, 1997: 36 Krizan,

William G. and Tim Grogan. “Building Small is a Bigger Market.” ENR. February 3, 1997: 36.
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blown-in blanket insulation and R-10 triple-glazed windows. Geothermal heat pumps and energy

recovery ventilators reduce energy demand, but provide more fresh air exchange than normal.”?

Owerall, the house was developed to improve quality, reduce cycle times and lower costs. This was
achieved by integrating systems between manufacturers, often for the first time ever. This project
points toward more systematic construction in the future which focuses on easier integration, easier
assembly, and more pre-manufactured elements. Surprisingly, the builder does not market the house
as green, despite the many environmentally sound features. Nevertheless, construction techniques
developed by this market leader will provide a solid foundation for future innovations by even more

eavironmentally-focused firms.

Decision Makers in Residential Construction

The decision making process for residential construction is fairly simple. For new speculative
construction, home builders or residential developers make all of the direct decisions, guided by local
regutations and their sense of the housing market. For the small custom built housing market, the
homeowner and home builder will make decisions jointly, with occasional design assistance from a

registered architect.

In home remodeling, homeowners control most decisions - either by doing the work themselves or
by contracting specific tasks to a subcontractor. Nevertheless, homeowners are generally naive about
the complexity of home renovation. They often do not understand the structural or system needs,
evem though they can easily describe a qualitative image of the finished product. Additionally, they
oftem distrust professional builders and remodelers and rely mostly on family, friends, and neighbors
for advice. Older, more experienced homeowners are best able to evaluate their needs and
capabilities, are most willing to hire professionals, and generally spend more on long term

investments in a house.

For the largest remodeling projects, architects, interior designers, and general contractors may be
involved. In selecting building materials for renovation, homeowners have the most influence in
selecting appliances, plumbing hardware, cabinets, and finishes such as paint, carpet and other floor

coverings. Remodelers, on the other hand, have the largest input over window and door purchases.”

Residential building is also impacted by indirect influences, including building codes, neighborhood

covenants, interest rates, and input from real estate agents. The skills of trades - like carpenters and

2 Rick Schwalsky, “Building the Home of the Future”, Builder, National Association of Home Builders, September

1997: 150-170.
® Gopal Ahluwalia, “Remodeling Activity,” Housing Economics, NAHB, May 1997, 10.

24



plumbers - also impact projects, because some may not know how or be willing to take on newer

techniques.

In summary, green building will grow more easily if it accommodates and reinforces trends which are
already taking place in the residential marketplace. These include focusing on premanufactured
elements, systems integration, consolidation among large builders, and the impact of do-it-yourself
homeowners. In addition, the importance of information for the homeowner and the real estate
agent’s primary role in gathering and explaining issues must be better addressed by the green

building industry.

Commercial Construction
Economics

Characterizing commercial building is not as simple as residential construction, because of the broad
range of industries covered. The size and type of structure varies considerably from project to
project, as do the goals of the building owner. The design and construction of commercial buildings
differ from residential in several ways: the average commercial contractor is larger (although the top
contractors in both segments are of similar size); large general contractors serve both the commercial
and institutional markets (see Figure 11); less of the actual construction of a facility is constructed by
the general contractor and more is subcontracted (see Figure 12); projects are managed more often
with sophisticated project management tools and more oversight from owners’ representatives and
architects; almost all projects are designed by a team of architects and engineers; and building
materials have much longer ordering lead times, with the majority of materials purchased directly

from the manufacturer.

The materials are also different. Instead of dimensional lumber, steel studs are the norm. Structural
steel, exterior wall panels, and flat roofs are common in commercial construction but rare in
residential. Similarly, HVAC, plumbing and lighting systems are much larger and more sophisticated

in commercial construction.
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Figure 11: Major Commercial and Institutional Builders

Company Sales, Profit Growth, Return on
$ mil. Margin S-year Capital, 5 yr
1996, % average, % ave, %

Fluor 11,015 2.4 10.7 16.8
Foster Wheeler 3,723 1.3 10.2 8.3
Tumer 3,311 def NM 4.1
Jacobs Engineering 1,799 2.4 12.4 15.9
Perini 1,225 0.6 1.5 def
Stone & Webster 1,187 def NM 1.4
Granite Construction 961 3.2 9.2 8.9
Apogee Enterprises 912 2.4 8.2 8.0
Butler Manufacturing 816 2.9 9.8 15.2
Forest City Enterprises 547 2.4 5.9 3.4

Source: Forbes, Annual Report on American Industry, January 13, 1997, p. 126-127.
Definitions: NM: Not Meaningful, NA: Not Available; def: Deficit.

Figure 12: Value added break down: General Contractor, Subcontractors, Materials
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Trends

Commercial construction is highly cyclical, particularly for new office building which experienced a
dramatic boom and bust period in the 1980’s and early 90’s. Today, despite general oversupply in
the same market, investor interest in commercial construction has been strong due to financial and
regulatory developments. The advent of Real Estate Investment Trusts (REITs) will help support
commercial construction, as they channel private equity into commercial real estate and provide
demand for existing buildings. But a repeat of the 1980’s construction frenzy is unlikely “because
of tax law changes, tighter regulatory scrutiny, and greater wariness in the investment community.
The recovery in the office-building cycle is likely to be slower but more sustainable than in past
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recoveries.

In 1997, development focuses on office construction as well as industrial plants and factories.
Formerly strong areas of malls and so called “big-box™ stores have dropped off.” Modernizing the
capital stock of the U.S. private sector will provide strong underlying demand for new construction as
well as for repair and renovations. By 2001, private nonresidential construction will have recovered
to its 1990 levels, but spending on factories, utilities, and hospitals will account for a much larger
share of the total, and commercial construction will be a substantially lower proportion.
Nonresidential repair and renovation markets will probably continue to grow in 1998 and for the

next five years.

Although the office supply/demand situation has steadily improved, the office construction market
remains burdened with fairly high vacancy rates, slower growth in white-collar employment and
technology trends favoring substitution of home offices for office buildings. In many office markets
prime office buildings are for sale at prices below the cost of construction. Nevertheless, a sizable
amount of office construction will continue because of the availability of equity via REITs and
strength in a small number of cities and market niches. The office renovation business has fared
better than new office construction in recent years. In some markets, expenditures for office
renovation are greater than new office construction put in place. Much of the growth in this market
segment is the result of over-building during the 1980s, which compelled owners to upgrade their

older buildings to remain attractive in the competitive rental markets.*

2 U.S. Department of Commerce, “Trends in U.S. Construction , 1997 to 2001”, Construction Review, March 22,
1997.

3 Lubove, “Annual Report on American Industry”, Forbes, January 13, 1997, p. 128-129.

* U.S. Department of Commerce
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The relationship between building owners and general contractors has become more competitive and
focused less on long term relationships.” This is partly due to the growth of REITs which acquire
portfolios of property and then either manage the daily operation of the properties themselves or
contract it out. REITs also rely heavily on outside consultants to assemble their deals. The
combination of outside investors and outside building managers has encouraged more short-term

investment horizons than the previous developer-owners.

In contrast, the remaining building owners have become more sophisticated with facility investments.
Depending on the volatility of their industry, owner-occupants have tended toward investments which
require longer payback periods but reduce operating costs. In addition, some large building owners
have initiated sole-source contracts for materials in an effort to improve supply chain management.
This applies to the building industry in use of design-build contracts as well as in the procurement of
regularly ordered finishes, like carpet and paint. For example, Compaq Computer and Blockbuster
Video stores have sole source contracts with Collins & Aikman carpets where they pre-select a limited
group of carpets for all stores across the country, making renovations simpler and taking advantage

of economies of scale.

Although hotel construction is usually a small category of construction, it has been booming in the
mid 1990’s. The 1997 value of hotel construction was more than double the 1994 value, with much
of this growth from casinos. Other commercial building has consisted of shopping centers (50
percent) and warehouses (25 percent). The remaining one-fourth included restaurants, gas stations,
banks, fast-food restaurants and other facilities. Soft retail sales suggest slow growth in store

construction in the future.

Decision makers

Decision-making in commercial construction varies by project. Usually, the architect works closely
with the client and designs all of the major elements of the building - including siting, plans and
sections, and general material selection. The design is then passed to structural, mechanical and
electrical engineers (sometimes from different companies) who study and make recommendations for
specific structural and electrical details, as well as heating, ventilating, and air conditioning (HVAC)
equipment. Major changes to the architect’s plans are rarely made, due to time and expense
constraints. Innovative engineering systems are discouraged because the costs of failure are

enormous while the rewards for success are relatively small.

Contractors usually bid for the construction phase of the project, once all plans and specifications are

complete. They work directly for the client, but interact with the architect as the owner’s

¥ Interview with Jim Becker, Beacon Skanska.
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representative. Contractors are rarely brought into the design phase and only make slight changes to
improve constructability or reduce material costs. Many contracts are awarded to the lowest bid and
are fixed for the work on the plans, with changes to the original bid requiring additional

compensation. Subcontractors work directly for the general contractor.

In design and construction oversight, building owner-occupants (or if not the official owner, then a
large, long-term tenant) are represented by professional facility managers or by a company executive,
depending on the project importance. Building owners have considerable influence over the building
design and characteristics, especially when the facility managers are sophisticated. An expected
payback period for most building operating elements is approximately 3 to 5 years. Smaller
building tenants, in contrast, generally have limited input in building decisions and the authority only

to select finishes for their interior spaces.

Like residential construction, indirect building influences include building codes, interest rates, and
capabilities of trades. Current vacancy rates have a significant impact, while realtors have less
influence, since the tenants are a bit more savvy and most information is disclosed early on in the

building search.

For the commercial sector, green building initiatives should focus on the growing market in office
renovations and possibly on a new niche market in healthy hotels. Addressing the key decision
makers in large owner-occupants and REITs interested in a differentiating angle or in limiting
liability will be important. Finally, opportunities exist for green building and other new market
forces as part of a larger trend toward innovative construction techniques and computer-based design
and procurement. The largest design/build firms as well as progressive owners are ideal supporters of

green focused construction.
Institutional Construction
Economics

Large institutional clients are very similar to the owner-occupant commercial client, in that projects
are sizable, they often have facility managers on staff, and the construction methods are similar. The
institutional sector is significantly smaller than commercial construction at $23 billion, though
institutional clients may be more willing to fund innovative construction techniques. Institutional
clients also often accept longer payback periods when making building system investments.

However, budgets can be more limited, restricting their risk-taking.
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Trends

Clients in this category include a wide range of public and private institutions. Because of this, trends
are best explained by specific building types. Institutional building is largest in the new construction
of health care and educational facilities. The construction of hospitals and nursing homes totaled $10
billion in 1996, where the majority of funding supported additions and modernization of existing
facilities. Seventy-five percent of health care construction is for privately owned facilities. This trend
should continue, as publicly owned hospitals lag behind in facility investments. While health care
construction should experience limited growth, nursing home construction is likely to increase faster

because of the rapid increase in the number of elderly Americans.

Schools and libraries will experience healthy growth in new construction for the next few years due to
the record number of school aged children, the backlog of school buildings in need of repair and the
population expansion into under-built areas. In 1997, “more than 80 percent of educational
construction expenditures were for publicly owned buildings; the rest went for privately owned
buildings. Nearly 70 percent of the spending was for secondary schools, while colleges and other
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higher education facilities accounted for an additional 25 percent.

Decision makers

Trustees and boards of directors have great impact on the building programs of institutional clients.
Facility managers will make technical and less significant decisions. Institutions are also likely to
bring additional experts to the design table. One notable trend is for an industrial hygienist to review
the architects and engineers’ design plans and dictate changes relevant to ventilation systems and
finishes for reasons of indoor air quality. Indirect influences are similar to those in commercial,

adding medical regulations for hospital construction and renovation.

In summary, green building should focus on the renovation and new construction of health care and
educational facilities. Industry consolidation and market changes in health care will encourage an
examination of real estate portfolios. Green building professionals can play a significant role in
identifying opportunities to improve indoor air quality and reduce operating costs. In education,
green building can play a similar role, as new schools are built and old schools are renovated to

accommodate enrollment fluctuations and changing facilities needs.

¥ U.S. Department of Commerce, Construction Economics, March 1997.
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Section 2: The Building Materials Industry

The building materials industry is a difficult market to illustrate simply. Not only is it highly
fragmented by product, but within product categories, manufacturing and distribution trends vary
greatly. The industry consists of a range of manufacturers, from the dominant Weyerhaeuser, Owens-
Corning, and USG to independent, regional concrete mixers and ceramic tile producers. Building
materials include everything from tons of structural steel for a 50-story office building to a gallon of

latex paint for a bedroom.

Roughly 40 percent of the total value of construction is attributed to material inputs. This leads to a
U.S. building material industry of approximately $230 billion, assuming little international trade.
This estimate can be born out through aggregate calculations by SIC code of individual building
material calculations. As shown in Figure 13, a rough calculation by the author indicates at least a
$200 billion industry. (Calculations by spreadsheet are attached in Appendix A.) The number may
be lower than reality, because materials which are sold through retail outlets are not generally

included.

Figure 13: Building Materials Sales by SIC Code
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Retail distribution statistics reveal a different mix of materials and a total market value of $117 billion,

as shown in Figure 14.
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Figure 14: Retail Sales of Building Materials

By store type By product category
Total = $117 billion Total = $117 billion
Lumber Outlets $45 bil Other $23 D
Electrical 58 Potential Green
‘ Product Markets
Paint & Home Decor $10 (shaded area) = $80 bil

Plumbing, Heating & Cooling $11

Home Centers $55 bil Hardware $14
Building Materials $22
Hardware Stores Lumber & Wood $29

$17 bil Products

Source: Walter Johnson. “Measuring Retail Performance.” Do-It-Yourself Retailing, April 1996.

More detailed information is tracked for key building material categories. This includes lumber and
wood products; drywall; roofing, siding and insulation; millwork, doors and windows; finishes;

electrical products; and plumbing, heating and ventilation.
A. Lumber and Wood Products

Relative to building materials in general, lumber and wood products is a concentrated market
segment. The top ten U.S. lumber producers account for over one third of all softwood output -
most of which supplies the single-family construction market. These large producers are Georgia-
Pacific, Weyerhaeuser, Louisiana-Pacific, Willamette, Champion, and Celotex. Industry leaders are
often vertically integrated, with large timber holdings, sawmills, and distributors. Small producers
exist, but are most common in niche markets like hardwood flooring, shingles, and sustainably

harvested lumber.

Lumber and wood products can be further segmented into four main categories: dimensional
lumber, engineered wood, sheet goods, and millwork. Dimensional lumber is a $24 billion industry at
the wholesale level and currently facing two transitions. First, competition from steel studs,
commonly used in commercial construction and now increasingly in residential, is forcing

dimensional lumber producers to develop new products with longer spans, more consistent pricing,
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and smaller tolerances. This pressure has lead to the rapid introduction of engineered lumber and
paneling. The second major trend is a shift in production from government-owned Northwest forests
to privately-owned Southeast forests. This trend is driven due to a combination of environmental and

labor costs, as well as the degrading quality of trees in the heavily harvested forests of the Northwest.

As indicated, sheet goods and engineered wood products are experiencing solid growth. Softwood
veneers and plywood constituted the largest portion of this market at $5 billion in production value in
1992. Reconstituted wood products were $3 billion and hardwood veneers and plywoods made up $2
billion.” Growth will continue as major producers develop new products to satisfy wider spans and

heavier loads.

Several opportunities for green building products exist in this area, including the continued
development of sustainably harvested lumber, reduced lumber consumption through engineered
lumber, and the elimination of formaldehyde and other chemicals used in the adhesives of plywoods

and particle boards.
B. Gypsum Products

Gypsum products - including wallboard, acoustical tiles, and other plaster products - are inexpensive,
easy to install, and fire retardant. Forty percent of wallboard products are used in new residential
construction. Another 35% for remodeling and repair and 10 % in new commercial construction.
US Gypsum is the largest producer with 30% of the approximately $2.5 billion market. This
market is fairly stable, with few opportunities for new entrants. Opportunities for green products
include an increased use of recycled gypsum and other materials in the production of wallboard.

Niche producers of alternatives to gypsum wallboard are discussed further in Chapter 5.

C. Roofing, siding, and insulation

Roofing, siding, and insulation, combined here as building enclosure systems, are rarely produced by
the same company. With the exception of Owens Corning which is developing a bundled package of

products, a host of smaller manufacturers exist in this market.

Roofing materials are diverse - including wood and asphalt shingles as well as sheet metal and rolled
felt. Similarly, manufacturers are fragmented by product type and regions. Asphalt felt and coating,
a $4 billion industry, is fairly concentrated; the largest producer is Temco Inc. with $300 million in

sales. The siding market, on the other hand, is highly fragmented, though large corporations - such

* Encyclopedia of American Industries.
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as USG and Owens Corning, have relatively less presence in the industry. The vinyl siding market, a
$1.3 billion market, is expected to grow 6 percent annually for the next few years. Opportunities for
new entrants with green building products exist in the increasing use of recycled, durable materials

and in the more long-term use of photovoltaic roofing materials.

Insulation includes the production of mineral wool for thermal and acoustical purposes and is
approximately a $2 billion industry. The market is roughly split between blanket insulation and
blown-in insulation. Insulation is marketed directly to homeowners, where it is often installed as part
of a do-it-yourself (DIY) project. The industry is fairly concentrated, with Owens-Corning as the lead
competitor. Other producers are Manville Corp, PPG Industries, and USG Corp. This 1s an obvious
green product for its role in energy efficiency. While these products are fairly mature, niche

opportunities for substitutes to fiberglass and polystyrene insulation exist.

Distribution of roofing, siding, and insulation products is fragmented with over 160 establishments in
wholesale distribution and additional retail distributors. The larger independent wholesalers include
American Builders and Contractors Supply Company ($300 mil. in sales) and Pacific Coast Building

Products ($300 mil). Competing against them are subsidiaries of Owens-Corning and others.
D. Finishes - paint, wallcovering, carpet, and flooring

Manufacturers of interior and exterior finishes are concentrated within product types, while
distribution is fragmented but gradually becoming more concentrated. Paint production is a $13
billion business, with the top four producers accounting for 30 percent of the market. Architectural
coatings comprise approximately 40 percent of the total industry. DIY purchases make up two-thirds
of the paint destined for this market, while professional paint contractors buy the remainder. Major
producers are Sherwin Williams, Glidden, PPG, and Benjamin Moore. Green products are important

to the paint industry and include recycled as well as low-toxicity products.

In retail, paint, stains and wall coverings are a concentrated industry with nineteen specialty

" These retailers target the important do-it-yourself market,

companies and $425 million in sales.’
where customer service and brand loyalty are important. Sherwin-Williams is a market leader, though
discount stores and home centers are providing increasing competition. In contrast, the wholesale

distribution of paint, stains, and wall coverings is much more fragmented and low-budget.

Carpet sales saw a ten-year growth trend during the 1980°s and then trailing demand in the 1990’s.

Frequent mergers and acquisitions have consolidated the market, leaving Shaw industries as the top

¥ Encyclopedia of American Industries.
3Encyclopedia of American Industries.

34



producer with $3 billion in sales. The residential market is the top segment and is split roughly 55
percent for remodeling and 45 percent for new construction.” Several environmentally-oriented

producers exist in this market and focus on use of recycled raw materials.

E. Millwork, Doors and Windows

Millwork production, which includes decorative trim, stairs, cabinets, windows and doors made from
wood, is a $10 billion industry and includes 2000 large and small producers who sell through a
variety of distribution channels. Residential construction utilizes more than 60 percent of millwork.
Trade patterns in millwork have undergone considerable change recently due to environmental
pressures and the reduction of trade barriers. Future industry changes will come from the increasing

use of premanufactured components and resulting trends toward consolidation.

While the production of wood trim and cabinets is extremely fragmented, the manufacture of
windows and doors is fairly concentrated. The privately-owned Anderson Corp. is the leading
window and door manufacturer in the industry. It promotes its products through high-profile
marketing to both builders and home buyers. Sales of $900 million and continued market strength
are possible through economies of scale and the production of standard size products. Other leading
companies include Marvin Lumber and Cedar Co. ($280 million in sales), Trus Joist International,
Jeld-Wen, Huttig Sash, and Pella. Wholesale and retail distribution is mixed. Independent dealers
stock windows and doors by specific manufacturers. Increasingly, these products are being carried at
home centers and national lumberyard chains. For green products, energy efficient windows are a
fairly mature market, while millwork products which conserve wood or use recycled materials have

growth potential.
F. Electrical Products

Electrical products are segmented by end product use. Residential light fixtures are a $1.7 billion,
highly fragmented industry. Commercial, industrial, and institutional lighting is a $3.4 billion market
and is also fragmented. Overall, office buildings are the largest market segment. The market for
light bulbs is $3 billion in the U.S., and $9 billion internationally.

The wholesale distribution of electrical products is a $16 billion fragmented market. Wholesalers face

decreasing market share as manufacturers sell directly to home centers and large hardware stores.

32 Encyclopedia of American Industries.
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Wholesalers have responded by improving store efficiency and adding custom and maintenance

services. The market leader is Grainger with $2 billion in diversified sales.

G. Plumbing, heating, air conditioning and ventilation

Plumbing manufacturing consists of fixtures, fittings, piping, and vitreous china. This market
exceeds $3 billion and has seen steady growth in the last decade. Renewed interests in home
renovation and a trend toward larger bathrooms have produced consistent eight percent growth rates.
Fixtures and china are somewhat consolidated, with competition from larger companies, such as
American Standard, Kohler, Masco / Delta, and Moen. In comparison, the manufacture of piping and
fittings is fragmented, with no true market leaders. Product changes include water-saving devices,
such as aerators and restrictors, and more distinctive designs. Distribution is also currently
fragmented, though increased pressure from home centers is broadening distribution channels from

previously exclusive sales to contractors and plumbers.

The $2 billion U.S. heating market includes low-pressure boilers, radiators, supplemental heaters,
solar heaters and fireplaces. Despite intensive consolidation efforts during the 1980s, this industry
remains highly fragmented. The majority of producers employ fewer than 300 workers. The largest
producer of heating equipment is Amtrol Inc. of Rhode Island, with $150 million in sales. While the
industry as a whole has grown little, individual products - such as gas-powered equipment, residential
baseboards and radiant flooring, and solar domestic hot-water heaters have seen growth in the 1990s.
Low energy prices, however, continue to dilute opportunities for sales growth of high-tech, energy
efficient products. This, in turn, will minimize opportunities for technological break-throughs and

high replacement sales.

Ventilation and air conditioning were heavily influenced by external regulatory and market changes
in the last decade. Concern over sick building syndrome, air borne particulates, and the emission of
ozone depleting substances caused great concern in the industry. This regulation put pressure on
new technology development, but in the early 1990s, the fear of products becoming obsolete caused
the industry to stagnate while alternative refrigerants and other technologies were researched.
Nevertheless, European advances have encouraged a greater systems approach which considers
heating, ventilation, humidification, and air cleaning jointly. Integration of these systems with
lighting, security, and entertainment systems will be important in the future, as will the development
of smaller, quieter equipment. In the commercial sector, the use of thermal storage to take advantage

of off-peak energy rates will grow.

The HVAC industry is sizable with over $60 billion in sales worldwide and over $20 billion in the
United States. The market leader in HVAC equipment is Carrier Corp. which held an 11 percent

36



worldwide market share in 1995. Other large producers include ASI Holding Corp. and York

International, each with over $1 billion in sales.

H. The Building Materials Industry and Green Building Implications

In summary, the building materials industry is highly fragmented, with only a few notable market
leaders. The above list of industries will be referred to again in chapters 5 and 6 when specific green
products are analyzed in more detail. For the moment, however, the reader should note the diversity
of products, technologies, customer segments and market sizes. While each industry leaves room for
innovation, some are more mature than others. Similarly, some are better suited for outside
mvestment than others. On an even larger scale, aspects of the market are ripe for consolidation.

These market changes provide an opportunity for green building.

Section 3: Distribution of Building Materials

While most manufacturers focus on one of the above product categories, retail distributors cover a
range of products. This segment has traditionally been cleanly divided into three categories: 1)
wholesalers which supplied very large contractors and retailers, 2) lumber yards which supplied
medium and small contractors, and 3) hardware stores which catered to individuals. This started to
change dramatically in the 1980’s when Home Depot introduced the warehouse home center concept
which provided an unusually broad range of products at low prices. The initial marketing targeted
the DIY homeowner but has grown to include small and medium home builders. In the process, the
mdustry value chain has consolidated with wholesalers, lumberyards, and hardware stores losing
market share.

Home Depot currently defines the market with 589 stores producing $19.5 billion dollars in sales - or
14 percent of the $138 billion home improvement industry. Other top competitors include Lowe’s
and Sears Orchard Hardware. As the race toward consolidation continues, two versions of home
maintenance retail will emerge: the warehouse stores focused on contractor sales and serious DIY
customers and the upscale home decorator store. Home Depot and Lowe’s will try to fill both needs,
while Sears’ will concentrate on the home decorator. These leaders will also expand product lines
and concentrate more on imports and international expansion. In the next ten to fifteen years, a
handful of large home centers will serve all but the largest home builders. Commercial and
institutional contractors will continue to be served by wholesalers, with potential in-roads by direct

sales from the manufacturer via the internet.

The change in distribution channels will dramatically affect how green building products and services

develop. Before recent changes, the independent lumberyard provided customized service to local
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market needs. Information and ordering of niche products which fit local demands would be
available for the small home builder. The larger home centers provide financing services and low
cost products which the lumberyards can not meet, but home centers are less tolerant of small
manufacturers. Their national distribution systems rely on national supply, price pressures on
manufacturers, and just-in-time delivery. Often the niche, environmental firm has difficulty fulfilling
these requirements and is left out of this important channel. Additionally, Home Depot requires third
party verification of environmental claims - an expensive hurdle for small companies. To survive and
grow, these producers must learn to meet the demands of Home Depot and others, or they must
define an equally successful alternative to the home center. Ideas on this subject are discussed further

in Chapters 5 and 6.

Section 4: How Green Building Products work within this framework

Industry economics have great impact on the growth potential and investment alternatives for green
building. As outlined in the opening hypothesis, this influence includes obstacles as well as

opportunities for new products and services.
A. Barriers to Market Growth

New product development in the construction industry faces barriers such as customer switching
costs, lack of training by the construction trades, and retaliation from existing competitors.
Circumstances faced by green products add to this list the challenges of developing customer

awareness, gaining credibility, and communicating information.
Customer Switching Costs

In the construction industry, switching costs to new materials are high for builders and general
contractors in all sectors. Margins are limited and the risks of material failure are often higher than
the potential rewards of innovative design and construction. Among contractors, residential builders
have the most control over material selection because they make their own design decisions and
subcontract relatively little construction work. Residential builders, however, also have little market
power and few resources to analyze new products and techniques. Low economies of scale mean
they have little impact on decisions by manufacturers and distributors. Their clients are extremely

price conscious and generally unaware of green building initiatives.

External factors reinforce these switching costs. Financial and insurance institutions may delay

projects for fear of resale problems or liabilities from building failure. Because these institutions
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rarely have technical staff to evaluate the characteristics of the building, they look for comparable
projects which have been successful in both quality and resale value. Without such a comparable,

requirements for owner equity in the project may be increased along with interest rates.

Lack of Trade Training

An indirect barrier affecting both commercial and residential sectors is the lack of training among
construction trade groups installing the green building products. For instance, more than 90% of
single-family residential construction is based on a standard series of tasks centered around 16” on-
center framing with dimensional lumber and 4’ by 8’ plywood sheets. Carpenters, plumbers,
electricians, HVAC contractors, and sheet rock crews all know how to work around this format.
Changes lead to complications, delays, and cost over-runs. Both residential and commercial
contractors have few full-time employees, making training of the constant shuffle of craftsmen costly
and time-consuming. Even if the contractor were able overcome these hurdles, conservative building
inspectors could still limit the range of opportunities available to new building techniques and

materials.
Dominant Competitors

The building products industry, itself, poses some hurdles. While the industry does not face anything
like the giants who control some industries, several companies are large enough to discourage the
small start-up - either through existing market share or through influence over building code
development. Most green building products are replacements to existing components. While this
may allow contractors to substitute one material for another and cut costs in the process, the new
product must reach the shelves of the distributor and displace the traditional equivalent before it can
be selected by the builder.

The small green products manufacturers that survive are often limited in their regional distribution
and in marketing scope. Their green building claims are not verified by third parties, because these
fees are too costly, and thus a limiting cycle is developed which forces green building products into a

niche market.
Developing Consumer Awareness

Two recent surveys of home builders and home buyers by the National Association of Home Builders
indicated that both groups favor environmental qualities in residential construction. When asked to
rank green issues against other buying factors, however, the traditional drivers of price, location, size,
and aesthetics heavily outweighed a concern for the environment. Moreover, the homeowners’

perception of environmental priorities was often far different than that of green building
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professionals; large wooded lots, energy efficient appliances and open space were top priorities, while
radon resistant construction, alternative products to wood, and solar heating received little interest.
Thirty-eight percent of builders said buyers never ask about environmental features while 51 percent
said home buyers seldom ask. In addition, 77 percent of builders said they have never built and are
not planning to build sustainable housing developments, despite the majority thinking that a label as
an environmental builder is good. Additional information on the NAHB study is included in

Appendix B.

Less market research has been conducted on environmental decisions in the commercial and
institutional sectors, though many of the same drivers would apply. The commercial and institutional
sectors are more attractive to the green building market in some respects because these decision
makers have access to information resources through the architects, engineers, facility managers, and

contract managers who regularly work on large projects.
Gaining Credibility

Even converted green builders need verification that the products they specify have the true recycled,
non-toxic, or energy efficient attributes advertised by manufacturers. While the niche group of green
builders may be willing to gather this information independently, the average consumer does not
have the time or knowledge to verify environmental attributes. For this reason, a trustworthy,
standardized labeling system - such as those used on nutrition labels or seals used to designated

recycled paper - is needed.

Communicating Information

Once credibility concerns are assuaged, information is needed at all stages of building - for the end-
user, the design professional and the contractor. This includes informing the mass market on the
benefits of building green; it also includes providing details on product description and local

availability
B. Opportunities

Opportunities to grow the industry develop out of solutions to these barriers. Typical construction
industry hurdles, such as material switching costs can be reduced by limiting the risks of product
failure and by changing product characteristics to better fit common building methods. Long term
warranties - such as the unprecedented fifty year warranty by HardiPlank, a recycled composite
siding manufacturer - reduce the liability concerns that discourage home builders from trying new
products. The result was a successful product which grew quickly beyond niche markets. Similarly,

designing new products to accommodate traditional construction practices eases the transition from
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old products to new. Examples are plastic lumber which can be nailed, cut and stained just like
exterior grade lumber and photovoltaic shingles which are installed in a similar fashion to standard
asphalt shingles. Finally, improving design expertise through bundled solutions or consulting for

resource constrained builders help improve green building initiatives over the long term.

Small green building material producers can compete more effectively with the strong distribution
channels and large market share of national producer through industry consolidation, marketing
partnerships, and licensing arrangements. Increased size and scope promise improved access to the
efficient distribution channels of home centers as well as the effective development of alternative

distribution channels. Both are necessary to reach beyond current niche markets.

As in traditional building, consumer awareness is generated through model home shows, advertising,
magazines, and word of mouth. Similarly, information on green products can be presented in many
formats - from traditional home decorating magazines, to green-focused real estate agents, to
environmental journals and web pages. Currently, Green Builder programs in several cities are
lowering some of these hurdles with rating programs and guidelines for different levels of

environmental construction. A brochure for one such program in Austin is included in Appendix C.

Green building credibility is being addressed through relatively new third party testers, such as Green
Seal and Scientific Certification Systems (SCS) in the United States and Green Dot and Ecomark
abroad. ISO 14000 certification has been developed for international standardization. In addition,
building product industry groups have developed self-rating standards. The carpet industry, for one,
has begun a testing and labeling program to respond to public concern over indoor air quality.
Individual carpet lines that do not exceed established levels of certain emissions are awarded a green

and white Carpet and Rug Institute Testing Program label.

The chapters that follow present more detailed examples of companies that have responded
successfully to these industry hurdles. The dynamic nature of the industry means that more

challenges - and corresponding opportunities - will develop as the market grows.
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CHAPTER 3: THE ENVIRONMENT, THE BUILDING SECTOR, AND

THE CONSTRUCTION INDUSTRY

This chapter presents a broad overview of major environmental issues and focuses on how the
building industry (specifically within the U.S.) contributes to environmental and health concerns.
Expected trends for the future, including market and regulatory influences, are summarized for each

major issue.

Section 1: Lifecycle Impacts of Buildings

Buildings have a significant, but often under-recognized impact on health and the environment. In
order to produce, distribute, use and demolish building materials, environmental- and health-related
decisions are made daily. The production of traditional building materials requires first the mining
or harvesting of raw materials such as gypsum, lumber, oil, and stone. This mining consumes natural
resources and impacts the quality of the surrounding land. Manufacturing consumes energy and
uses clean water and air to refine the raw materials into standard building elements. The by-products
of this manufacturing are often air and water pollution, along with solid waste generation. Materials
are then distributed to the building site. Depending on the nature of the material, the product may be
hauled less than 100 miles from the manufacturing site, as in cast-in place concrete, or it may be
shipped half way around the world like tropical woods, decorative ceramics, small motors and
plumbing fixtures. Construction operations themselves use energy and the manipulation of building

materials emit particulates and chemical fumes which impact worker health.

The static use of building materials, as components of a larger structure, also has a large impact on
the environment and the health of the general population. During the long life of a building,
materials are often repaired, altered, or removed as part of a renovation. During this phase, the
release of new chemicals and particles can create health problems. Likewise, the removal of used
building materials creates a stream of solid waste which is generally incinerated or discarded in
landfills.

42



A joint publication by the American Institute of Architects and the Environmental Protection Agency,
The Environmental Resource Guide, analyses the life cycle environmental impacts of common
building materials. Intended as a guide for architects to make sound decisions, this resource is also
useful for the potential investor in reviewing new products or identifying environmental problems

with old products. Selections from the 1997 issue have been included in Appendix D.

With this holistic view of building materials in mind, the following chapter outlines the major
elements of environmental and health issues associated with the building stock and the construction
industry. Key themes are segregated into global, regional and personal issues, though there is much

overlap between issues.

Section 2: Global Issues

Global environmental concerns are dominated by threats of global warming, ozone depletion, and a

loss of biodiversity.
A. Global Warming

Simplistically, global warming is created when gases in the atmosphere insulate the earth and prevent
some of the sun’s heat from escaping into space. This is a natural effect without which the world
would be frozen. But industrialization and agricultural development have resulted in increases in the
concentration of some atmospheric gases and consequently trapped more heat. The result is a slight,
but important, increase in the earth’s surface temperature - estimated by the Intergovernmental Panel
on Climate Change (IPCC) to be a 0.2 degree Celsius change per decade since 1975. At our current
rate of greenhouse gas production, this would result in a temperature increase of 1 to 2 Celsius by the
year 2050. This seemingly small increase is thought by some experts to lead to rising sea levels,

changing regional climatic patterns, and an increase in the severity of normal storms.

Of all human activities that contribute to increased concentrations of greenhouse gases in the
atmosphere, fossil fuel combustion is by far the largest, accounting for almost 60% of the greenhouse
warming resulting from anthropogenic sources in recent years. The burning of carbon-based fuel
has increased the level of CO, in the atmosphere by 30% since pre-industrial times. Additional

greenhouse gases are methane, ozone, nitrous oxide, water vapor, and chlorofluorocarbons.

Despite efforts to encourage energy conservation following the energy crisis in the 1970’s, U.S. oil
consumption is now the highest since 1979. With approximately 5 percent of the world’s population,

the U.S. creates 25 percent of the 7 billion tons of carbon dioxide emitted to the atmosphere each
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year. In order to eliminate, or at least slow, the development of global warming, it is necessary to

reduce the consumption of this traditional fuel source.
The influence of the building industry

The top three consumers of energy in the United States are buildings, industry, and transportation.
While total energy consumption has increased slightly, energy use by buildings has increased more
rapidly than the other two sectors, because innovations and pressure to improve energy efficiency

have not been as strong.

Counting simple building operations (and not construction operations or the production and
distribution of building materials), the building sector is the largest user of energy in the U.S. and the
largest producer of carbon emissions.' (See Figure 15) The cost of delivering all energy services in
buildings will be over $220 billion in 1997° The top energy consuming operations in buildings
include lighting, heating and cooling, refrigeration, and electricity for equipment, appliances, and

electronics.

Figure 15: Energy Comparison between Industry, Buildings, and Transportation
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In addition, energy consumption varies between building types. As detailed in Figure 16, residential
energy consumption exceeds that of the commercial sector, but relies less on electricity. When
considering the total stock of buildings, however, the commercial sector consumes more energy per

square foot than residential construction.

Figure 16: Energy Consumption in Building Segments

Energy Use Electricity Fossil Fuels Total
(Quads) (Quads)

Residential (1997) 11.9 7.2 19.1

Commercial (1997) 10.6 4 14.6

Source: Scenarios of U.S. Carbon Reductions, 3.4.

Factors Affecting the Industry

Existing factors include regulations as well as incentives. Building codes dictate insulation
requirements while local utilities encourage energy efficient equipment through occasional subsidies
and rebate programs. Information on energy use is required for appliance manufacturers and
residential sales in some states. Despite these efforts, the low cost of energy has driven few consumers

to actively reduce energy consumption in their buildings.

Emerging factors may reduce energy consumption - once initial hurdles are overcome. Traditionally
monopolistic, electric and gas utilities are in the process of deregulation, allowing competition across
regions and between generators, distributors, and service providers. This deregulation may initially
encourage more energy consumption as electricity prices decrease with more competition. As the
industry restructures, however, new technologies and billing methods may encourage consumers to
think more carefully about energy use. The introduction of real-time energy monitoring - which
records energy consumption by the minute, not by the month, will become more common in homes
as well as small commercial buildings. With this information, utilities would be able to price

discriminate by time of day to discourage inefficient energy consumption at peak times.

Even more progressive utility programs encourage net-metering: where buildings owners install solar
and other alternative energy systems and then trade energy with the local utility. At mid-day, when
the solar system creates excess energy, the utility is usually experiencing excess demand. The

building will then sell its excess energy to the utility and receive a credit which it would in turn draw
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against at night when the solar system does not produce energy and the utility has excess capacity.
Overall, this system will allow the utility to produce energy more efficiently and increase the

aggregate production of sustainable fuel sources.

Other emerging factors for energy consumption include building rating programs such as the newly
developed LEEDS program, coordinated by the U.S. Green Building Council. Federal programs, like
the Million Roofs program, also encourage the installation of solar systems through subsidies for
private construction and mandates for federal buildings. Finally, international pressure to reduce

worldwide carbon production weighs heavily on the United States.

In December 1997, over 150 nations met in Kyoto, Japan and agreed to cut greenhouse gas
emissions. In the period from 2008 to 2012, the agreement would require industrialized nations to
reduce emissions below 1990 levels, a 7 percent reduction for the United States. U.S. action, however,
is subject to ratification by Congress. High level, well-funded debate is expected for 1998 and U.S.

industry leaders are split on what course the nation should take.

B. Ozone Depleting substances

Ozone occurs in the stratosphere, the zone 12 to 50 km above the surface of the earth, and forms a
protective shield against potentially dangerous ultraviolet radiation from the sun. If the ozone layer
thins or breaks, more ultra-violet (UV) rays reach the earth’s surface, causing two main adverse
effects. Excessive UV radiation leads to a rapid increase in skin cancer in humans and also retards
the growth rate of plankton in the oceans which slows the earth’s reproductive rate. Additional

theories point toward stunted crop growth and suppressed immune systems.

Ozone in the atmosphere is broken down naturally by UV rays, but this process is accelerated by the
presence of chlorine and other compounds, which destroy ozone molecules. Before, current
restrictions, chlorine was released into the atmosphere at alarming levels through the breakdown of
chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons (HCFC) which were commonly used as
refrigerants, propellants and solvents and as blowing agents for plastic foams. Relatively quick
reaction by international governments after the discovery of the ozone holes over the Antarctic and
Arctic led to the Montreal Protocol in 1989 and the beginning of a phase out of CFCs , HCFCs, and
Halon (used in fire fighting systems). New products have developed alternatives to CFCs and are

currently being incorporated into the building industry. Nevertheless, the transition was not easy.
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Use in the building sector

Before phase out, buildings accounted for approximately half the use of CFCs and Halon, which
meant that building decisions significantly influenced the elimination of these chemicals. Most CFC
and HCFC use in buildings was part of an air conditioning system, however many building
components were also made using these compounds. CFCs were used in rigid polyurethane and
extruded polystyrene foams, both of which were common materials in insulation, floor and wall

panels.

Though substitutes to CFCs have been created by the chemical industry, designers, engineers,
contractors, and building owners should weigh the reliance on these chemicals against alternative
systems for insulating and cooling buildings. A better choice may be to consider switching materials
and designs entirely. Well designed natural ventilation and improved heat pumps could replace air
conditioning in some parts of the country. Similarly, alternative insulation and rigid panels made
from mineral fiber, cotton, or recycled paper could replace the rigid polyurethane and expanded

polystyrene.

C. Loss of biodiversity

Biodiversity describes the wealth of habitats, species and genes that coexist on earth in a complicated
and interrelated system. This dynamic balance is normally resistant to climatic cycles and destructive
natural events, however the introduction of resource harvesting and development by humans have
increasingly interrupted this balance and in so doing threatened the wider eco-system. Biodiversity
adds richness and beauty to our lives, but it is also essential in crop production, the development of
new medicines, and the planet’s ability to adapt to changing conditions. Genetic variety is essential in

reacting to unknown future shocks.

The building industry’s involvement

Although biodiversity encompasses a broad spectrum of issues, for the construction industry the most
recognized issue is the unsustainable harvesting of timber from biologically rich rain forests and old-
growth temperate forests. For example, between the early ‘60s and the mid-80s, tropical
deforestation removed 3/4 of a billion acres of forest.” Much of the demand for tropical and old-
growth wood comes from the construction industry where this lumber is used for decorative trims as

well as large structural elements. New rating systems and sustainably managed forests have provided

# Rain Forest Coalition Web Page.
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alternative sources of precious woods, while builders and architects are learning to specify more

common or quickly reproduced species.

In addition to these concerns, however, architects and builders must be aware of decisions that affect
the diversity of plants and wildlife around buildings and communities. For example, the preservation
of open spaces, wetlands, and wild grasslands help preserve local eco-systems. Buildings owners can
do much to maintain the existing habitats of wildlife, as well as creating new ones in and around their

facilities.
Factors affecting the industry

In December 1993, the Convention on Biodiversity from the Rio Summit was entered into force. The
goal of the Convention was to provide guidance and incentives for countries to protect their natural
resources through national policies and legislation. The Convention requires nations to set up
national programs which monitor and develop sustainable uses of biodiversity. While the United
States is the only industrialized country not to sign the Convention, it has continued to develop
natural resource laws to protect forests, waterways and other natural habitats within its boundaries.

The use of timberlands most affects the U.S. construction industry.

Rating systems and sustainably harvested forests have seen solid growth recently as building owners,
architects, and contractors specify green certified lumber. As of late 1997, 9.3 million acres of
certified forest worldwide, including 1.6 million acres in the U.S., serve U.S., European and Japanese
markets. (This compares to 483 million commercial acres of timberland in the United States.)
Though it remains a niche market, both supply and demand are growing. Demand is particularly
strong in Germany where green-certified wood has a 2% share of the hardwood flooring market and
50% annual growth in demand.' Large new tracts of land are being certified in the U.S., including
public forests in Massachusetts, Pennsylvania, and Minnesota. None of the major private producers,

however, have become certified.

SmartWood, a nonprofit program developed by the Rainforest Coalition, was founded in 1989 as the
world’s first certifying organization. It was followed soon after by the for-profit Scientific
Certification Systems (SCS) and two European equivalents. Certification involves annual inspections

of tree harvesting patterns and wildlife habitat programs, among other issues.’

4 Neil Ulman, “A Maine Forest Firm Prospers by Earning Eco-Friendly Label”, The Wall Street Journal, November

26, 1997: p.Al.
5 Wilson, Alex and Nadav Malin, “*Sustainably Harvested Lumber.” Environmental Building News. November,

1997: 1.
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Section 3: Regional & Local Issues
A. Destruction of natural resources: forests, waterways, habitats

Directly related to the global issue of biodiversity, the destruction of natural resources impacts the
regional and local community economically and aesthetically. Natural resources such as forests and
waterways provide raw materials, food, and clean water which support local industry. In addition to
destroying the habitat of numerous species, the unsustainable use and harvesting of lumber depletes
the country’s forest stock. Already, the loss of old-growth timber means smaller, lower quality

dimensional lumber than existed in the U.S. several decades ago.

The use of open land, waterways, and other natural resources also affect the quality of life in the
community. Stable land values depend on access to clean water, attractive recreational areas and

surrounding country.
Impact on the building industry

The construction industry, and particularly the residential sector, depends heavily on lumber and
wood products for new construction. The United States consumes 48.1 billion board feet (BF) of
lumber each year. Of this, 14.6 billion BF is used by for single-family homes and 2.1 billion BF for
multifamily development.® In total, residential construction accounts for over one third of U.S.
lumber consumption. Specifically, the average single-family home uses 13,396 BF of lumber along
with 10,912 BF of 3/8” structural panels such as oriented strand board and plywood. For homes
which used only light-frame construction and no alternatives to dimensional lumber - such as
concrete, steel, or I-joists - the lumber usage was even higher - nearly 15,000 BF. This consumption

is the equivalent of clear cutting one acre of forest.
Industry changes

The construction industry has begun to change traditional material usage in reaction to declining
lumber supplies. For one, unstable sources of lumber impact the cost of a house dramatically, as
commodity prices shift widely with changes in supply and demand. For example, limited supplies of
quality lumber affected wholesale prices from 1995 to 1996, increasing the cost of lumber for a
single-family home by more than $3000.” Builders reacted to this by substituting engineered wood

¢ Darin Lowder and Will Biddle, “How much Lumber in a House™, Housing Economics, National Association of
Home Builders. April 1997: 9.
" Lowder, 10.

49



for dimensional lumber, increasing 2x4 spacing from 16 inches on-center to 24, and using more
prefabricated components which reduce waste. Specifically, the use of wood I-joists in floors
increased from 4% of floor systems in 1988 to 20% in 1994. The use of prefabricated stairs, trusses,

and wall panels have increased dramatically, as well, in the last decade.

B. Municipal / Solid waste

The average American creates 4.5 pounds of waste each day - a national total of over 160 million
tons each year - and roughly twice as much per person as the Western Europeans or Japanese.
Despite well-recognized garbage crises, however, waste generation is not slowing. In many areas of
the U.S., space for landfill sites is simply running out. Existing sites are full and there is little room

for expansion, especially with common “not-in-my-backyard” responses to the issue.

Even when there is available space, disposing of solid waste is environmentally challenging. Landfills
do a poor job of decomposing wastes due to interior anaerobic conditions. They also contain
contaminants, such as metals or toxic chemicals, that eventually leach out into the surrounding soil
and water table. Alternatives to landfills include incineration and dumping at sea, but neither is as

smart as reducing the waste disposal requirements from the outset.

Currently, technology exists to recycle 80 percent of waste generated in the U.S. today.
Unfortunately, low tipping fees and inexpensive raw materials make much recycling uneconomical.
In the big picture, though, recycling not only reduces waste and saves resources, but it also cuts
energy consumption and pollution. Paper recycling can reduce air pollutants by 75% and water
pollution by 67%; using scrap steel and iron rather than ore results in an 86% reduction in water
pollution. Recycling aluminum saves 95% of the energy used to produce it from ore. The benefits
from avoided pollution and energy consumption, however, have not yet improved the fate of
potentially recycled materials. Additional market or regulatory pressures are needed to create a

sustainable cycle of reuse.
Involvement of the building industry

Construction creates waste; approximately 2000 pounds of waste lumber - or 10 percent of the total
lumber per project - are generated from each new single-family house built in the United States.
Unfortunately, this is-only a portion of the bulky solid waste. Overall, the biggest contributors to the
construction waste stream are lumber and manufactured wood products (35%), drywall (15%), and
masonry material (12%). The remainder is a mix of roofing materials, metals, plaster, plastics,
textiles, glass, and, especially, cardboard packaging. Of the above materials, only structural steel,

copper piping and a few other materials are regularly segregated for recycling. This is due to the
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general experience that tipping fees for mixed waste are lower than the labor required to sort the

waste materials.

The lack of recycling interest is important in both the disposal of construction waste as well as the
selection of construction materials. Construction is an ideal sink of recycled waste; construction
materials require large material inputs and have long cycle times before being returned to the waste
stream. In addition, construction materials made from recycled material are being developed
regularly and many of these products are more durable, have the same or lower prices than similar

traditional materials, and are occasionally less toxic.
Factors affecting the industry

Slowly, economic and regulatory factors are driving change in the construction industry’s approach
to recycling. First, tipping fees are increasing dramatically in some areas as populations grow and
nearby landfill space diminishes. Communities constrained by urban development, mountains or
large bodies of water are particularly hard hit, as the transportation fees for waste are extremely high

relative to tipping fees.

Communities are responding with mandatory recycling programs, increased tipping fees, and
regulations banning certain wastes - such as drywall - entirely. For example, Kitsap County,
Washington’s newly formed Green Builder program was catalyzed by a threat of increased tipping
fees. The local home builders association was concerned that the cost for disposal of construction
waste would triple if the local landfill closed and waste haulers were forced to cross a range of
mountains to the next available landfill. Similarly, the base level of the Austin, TX Green Builder
program requires some form of job site recycling and the use of materials containing recycled inputs
1s an important aspect of the program. Additionally, built-in recycling containers and composting

bins are elements of the Austin program, to encourage home buyers to recycle their waste.
C. Clean drinking water

The availability of clean, fresh water is necessary for all communities. Yet as crucial it is to our
survival, the supply of unpolluted water is finite. The Earth’s water is 97% salty, and a majority of
the fresh water is stored in glaciers and polar caps. Most of the freshwater that we depend on is
provided from rainfall gathered in local rivers, lakes and aquifers. All of these are susceptible to

overuse in both our need for fresh water and our disposal of wastewater and solid wastes.

The unsustainable use of fresh water is an issue in many parts of the country. Growing urban
populations in desert climates have tapped natural resources and drawn local waterways below natural

levels. In addition, the deteriorating condition of municipal water and wastewater treatment plants

51



around the country mean that water is not being processed as effectively as could be and much water

is being lost in the process.
Involvement of the Building Industry

To be able to meet current and future demands, immediate improvements are needed in techniques
for conserving, collecting, storing, treating and reusing fresh water. Installing water-saving fixtures is
an easy and inexpensive response to these problems; it also provides payback periods under two
years. The installation of new low-flush toilets, faucet aerators, efficient shower heads, and efficient

appliances can cut water use by 30%, saving an average of $100 per household each year.*

In addition to reducing water usage upfront, new techniques are under development for treating and
reusing wastewater. Many municipal wastewater treatment facilities are deteriorated and under
capacity due to a lack of upgrades and maintenance. Alternatives to municipal treatment or as a
pretreatment for commercial and industrial sites are gaining interest. These include biological sewage
treatment where wastewater is allowed to flow through a series of developed wetlands where it is

purified by plants and microorganisms.

A simpler version of wastewater reuse is the installation of gray water systems. These involve
additional piping which takes soapy and slightly dirty water from sinks, showers, dishwashers, and
laundries and channels this water for reuse in the toilet or for landscaping. Many plumbing codes
have not allowed the use of gray water because of concerns for sanitary conditions, but this is

changing. California, for one, has instituted new codes for gray water permitting.

Factors affecting the industry

The National Plumbing Products Efficiency Act (NPPEA) was signed into law in 1992, as part of the
Comprehensive National Energy Policy Act. This regulates water usage in toilets, shower heads, and
faucets and developed guidelines for all new construction and repair to install 1.6 gallon per flush
toilets instead of 3.5 gpf. Many local building codes have mandated this change. Unfortunately,
many consumers are unsatisfied with the operations of the new low-flow models and avoid

replacement of existing fixtures.

Water and sewer rates also affect industry reactions to water conservation. Water has traditionally
been cheap, but recently water and sewer rates have been increasing in many urban communities.

Boston, for example, has some of the most expensive water in the country and utility calculations

# Laura Zeiher, The Ecology of Architecture: 121.
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expect the rates to increase even more in the future. At what point this will drive more consumer

awareness of conservation is uncertain, but the increasing rates will surely be a catalyst.

Section 4: Personal Health

Health-related concerns are thought by some to be outside of green building because it is not
specifically focused on the larger environment. Most literature and practitioners, however, include it
in their dialogue. Personal health is an issue for construction workers who must work around
hazardous substances and particulates from building materials. Likewise, it impacts the building
occupants who are exposed to an interior environment for many hours each day. The EPA has

consistently ranked indoor air pollution among the top five environmental risks to public health.

The average American spends 80 to 90 percent of their time indoors and 65 percent of that time is
spent at home. This, combined with tighter building construction and the growing use of synthetic
materials, solvents and mechanical systems means that we are exposed to more chemicals and other
threats to our health than ever before. The period from 1970 to the present saw an increase in
inoperable windows, energy efficient houses, wall-to-wall synthetic carpet, particle board, and central
heat and air systems. At the same time, chemically-formulated cleaners, personal care products and
pesticides were rapidly growing in popularity. As a result, our exposure to indoor air pollutants -
volatile organic compounds (VOCs), mold, and particulates - is believed to have increased. Studies
by the Environmental Protection Agency show that human exposure to air pollutants are often 2 - 5

times higher than outdoor levels - and occasionally more than 100 times greater.’

Health problems related to indoor environments are one of the most common environmental health
issues faced by clinicians." Although not tied only to this issue, allergies and asthma rates in children
and adults have climbed steadily during the last few decades. Today, one out of every three people
suffers from allergies and an estimated one out of every six suffers from poor indoor air quality. In
addition, an estimated 12.4 million Americans suffer from asthma, including 4.2 million children.
Children are particularly at risk because they breathe 50 percent more air per pound of body weight
than adults do."

About a decade ago, the term sick building syndrome was coined to describe the condition where

people become ill simply by occupying a particular building. The symptoms - irritated eyes,

® EPA Indoor Air Quality Home Page, Environmental Protection Agency, Dec. 1997.

19 Carrie Redlich, Judy Sparer, and Mark Cullen, “Sick-Building Syndrome”, The Lancet, Yale Occupational and
Environmental Medicine Program, Yale University School of Medicine, April 5, 1997.

" “Indoor Air Quality in the Home”, National Safety Council Web Page, June 18, 1997.
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headache, nausea, stress, sore throats, asthma attacks, drowsiness, etc. - may cause only minor
discomfort in some, while causing genuine distress in others. Sick Building Syndrome is generally
seen as a problem caused by a combination of factors such as poor thermal, visual and aural comfort
conditions, the presence of gaseous pollutants, microbiological contamination, dust, and tobacco
smoke. Symptoms, however, are often easily confused with viral or bacterial infections, making it
difficult to determine an exact cause. In addition, there are thousands of pollutant sources in indoor
environments, albeit at levels which should not be harmful to people. The concern often arises with
multiple chemical sensitivity in which the combination of several contaminants or the repeated
exposure can cause a reaction which would not have been expected from each chemical alone. A list

of common indoor air pollutants is included in Appendix E.

The Commonwealth of Massachusetts Registry of Motor Vehicles became a highly publicized
example of sick building syndrome a few years ago when some five hundred employees complained
of similar symptoms upon moving into their newly constructed building. The Registry soon
afterward moved out of the building, leaving the developer to cover operating expenses. The
building received national media coverage and a long standing suit followed between several parties

involved with the project.

Indoor air quality is a very new field which is not completely defined or accepted in the science and
medical communities. There is no simple definition of what is “acceptable” air quality. Architects
and contractors have few guidelines to follow when developing buildings. Regulations and the fear
of litigation have forced indoor air quality to the top of the list of green building issues. Lawyers
specializing in this field have predicted that indoor air quality claims may become the new large-scale
toxic tort. Potential at risk claims include 30 percent of the nations 4.5 million office and public

buildings, affecting upwards of 100 million Americans."

Material producers have responded by providing material safety data sheets (MSDS’s) during
distribution, though often this is not enough. Unfortunately for the designer and material specifier,
the rate of chemical “off-gassing” by certain materials is often not available. This hinders decision
making and increases the risk of litigation to the architect and engineer on the project, as well as the
building owner once the building is occupied. Because of this, industrial hygienists are increasingly
being retained as part of the design team to specify materials. The result in the building industry is a
need for better information, building substitution alternatives, objective analysis of building products,

and better design tools.

12 David Governo and Eileen Kavanagh, “Indoor Environmental Claims: Air Quality”, Mealey’s Emerging Toxic
Torts, March 31, 1997.
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Section 5: Summary

As will be discussed in the following chapters, green building addresses all of the environmental and
health issues mentioned here. All green building elements, however, are not the same. Each building
project targets different goals. In addition, each of the four main green building issues - energy
efficiency, water conservation, material reuse and conservation, and indoor air quality - have reached
different levels of market maturity. Some, like water conservation and energy efficiency have been
addressed by the mainstream construction industry for decades. While there may be room for growth
in particular products, fewer opportunities exist for new industry entrants. On the other hand, indoor
air quality and material reuse and conservation are relatively new and uncharted. In Chapter 5, we
will see that indoor air quality has the best chances for growth across all markets. Energy efficiency
and material reuse are good investment opportunities for specific niche markets, while water

conservation shows little promise for growth.
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CHAPTER 4: GREEN BUILDING EXAMPLES

Section 1: Defining Green Building

Green building is a rather new term for a collection of environmental and health concerns that have
existed for decades. The term, itself, is developing and changing as more practitioners use it and as
the concerns are defined. Projects described as green building generally focus on minimizing
negative environmental impacts of the construction process, but can also include improving personal

health within the building as well as influencing the larger affects of community development.

At the broadest level, green building includes holistic approaches to community design which
encourage sustainable practices in both the construction of facilities, as well as the lifestyle of the
community. In the form of New Urbanist communities, this may incorporate pedestrian- and
bicycle-friendly developments which preserve natural open spaces. In the form of co-housing, it may
reduce the total amount of space constructed, operated, heated and cooled by the community through
shared spaces. Or it may focus primarily on creating a closed loop for recycled products, without
changing current community living patterns. Simply, green building is still developing and loosely

used by the design and construction communities.

Several recent design books have wrestled with the issues mentioned above and provided insight for
architects and builders on sustainable community development. For the purposes of this paper,
however, green building will address the construction and operation of individual buildings.
Specifically, this will focus on the aspects of green building which at first-cut are most tangible and
ready for business investments. This focus will identify products and services which address four
main issues: energy conservation, water conservation, indoor air quality, and material conservation
and reuse. These issues cover a wide range of environmental, health and operating cost concerns, and

are discussed at length in this chapter as well as Chapters 5 and 6.

The first of four issues, energy conservation, is seeing a gradual re-birth after the rise and fall of the
oil crisis in the 1970’s. Despite the lack of a current crisis, it is still important as both an operating
cost and as a significant environmental issue attributed to global warming. The motivations behind
energy conservation include lowering building utility costs and reducing CO, emissions which result
from the burning of fossil fuels. Energy conservation is usually addressed by reducing energy needs
through more efficient equipment and better insulation, substituting cleaner fossil fuels for dirtier

fuels, and producing alternative energy.
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Water conservation measures concentrate on both the use and discharge of water, by reducing the
amount of potable water consumed through daily operations and then reducing the quantity and
quality of wastewater treatment required. The common solution involves replacing plumbing fixtures
with more efficient products. Additional options include gathering rainwater for personal
consumption, pretreating wastewater before sending it to a municipal station, and discharging

wastewater into alternative septic systems or on-site ponds for natural chemical breakdown.

Material conservation and reuse focuses on the sustainable use of raw materials by reducing the
amount of material used in total, as well as replacing new material with recycled material. Alternatives
to reducing solid waste generation are also concerns as communities face over-flowing landfills.
Products include sustainably harvested lumber, composite panels made from recycled newspapers,

and reused wood, steel and masonry.

Indoor air quality is related more to personal health and well-being than larger environmental issues,
but nevertheless, it is usually included as one of the major tenants in green building. Improvements
to the indoor environment can involve simple changes in air temperature, lighting, and air exchange,
but it can also move several steps beyond that in eliminating chemicals in the air and surrounding

materials which produce varying levels of discomfort in building occupants.

In thinking about these four categories, it is important to remember that these issues are not
independent; solving one problem often exacerbates another. For example, the trade-off between
material conservation and indoor air quality can be complicated. Oriented Strand Board and other
engineered products made from wood particles reduce the use of virgin lumber, but they can also
increase exposure to chemicals which are used in the adhesives to bind the wood fibers together. A
similar trade-off exists with indoor air quality and energy conservation: Enlarging air handling
equipment to increase air circulation often increases energy consumption, as well. Green building
issues are not always this divisive, but simplistic application of individual ideas can negate well-

intended decisions.
Section 2: Approaches to Green Building

Green building can be approached from two related points: building design and material selection.
Both are essential elements in design and construction, but they yield different results and present
distinct challenges. Applying green building principles to design is often the most elegant and
effective approach, because small decisions can create significant impacts on energy conservation and
indoor air quality. A well designed building can reduce the need for expensive HVAC, lighting and
monitoring systems, and produce lower operating costs. While design changes may be the most
effective way to approach green building, it can also be the most difficult - because it requires a well-

trained designer and a willing client to study the entire building up-front. Residential builders who
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apply pre-designed building designs to a variety of sites and climates lose many of the passive solar
and ventilation gains of a green building design. Similarly, on large commercial projects, the
segregated decision making between architect, engineers, and contractors can complicate the
implementation of non-traditional projects. Despite these challenges, design decisions are simpler
with new construction. With repair and remodeling projects, restricted structural and site changes

limit environmental design alternatives and make green building initiatives even more complex.

Where green building design decisions are made, the most common elements are siting, ventilation,
roof overhangs, building size, and daylighting. Siting the large sides of the building to face toward
or away from the sun and prevailing breezes can dramatically affect the indoor temperature of a
structure. Passive solar design techniques - including south-facing windows and deep overhangs -
have been used for centuries to capture warmth when the winter sun is low in the sky and shade a
room when the summer sun is high. Siting, combined with design changes - like wrap-around
porches, cupolas, and wind-scoops can increase the natural flow of air through a building,
simultaneously improving the exchange of fresh air and cooling the space. The selection and
location of windows and sky-lights can increase the amount of daylight flooding a room and reduce
the need for artificial light during the day. A drawing of a building section demonstrates how these

elements work together (Figure 17).

Figure 17: Green Building Design Elements
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Material selection decisions can be easier to implement when designs are predetermined or when the
site or building function does not allow ideal green designs. In this case, a range of traditional and

newly developed materials meet the green building needs of architects, builders, and building owners.

While material selection is less complicated to implement than design, it is still not simple. Many
builders and architects note that evaluating green building alternatives is daunting. Traditional
materials can be compared based on any number of factors, including the amount of energy used to
produce the material, quality and quantity of raw materials used, durability of the final product,
insulating qualities and other metrics. To make the decision process more complicated, new materials
are rapidly being developed, including recycled materials, energy efficient lighting and mechanical

systems, and non-toxic materials.

Section 3: Brief Case Examples in the United States

Given the nascent qualities of green building, a few key examples may be the most effective window
to the nature of this market. For this, I have selected a range of projects built in North America

during the last five years which represent a range of client types.

Example 1: National Audubon Society Headquarters'
Client Type: Non-profit
Type of Work: Complete renovation of an existing office building
Location: New York, New York
Date of Completion: 1992
Cost of Construction: $13,900,000; $143 per Square Foot

The headquarters for the National Audubon Society is recognized as one of the watershed projects in
green building. It set a new national standard for the environmentally sensitive workspace and
developed successful models for resource conservation, energy efficiency, and indoor air quality. It
provided some of the first performance records, specialized data, and strategies for cost and energy

savings from which future commercial building owners and designers can work.

As a remodeling project, material selection features are more common than design changes. Several
new types of building materials were highlighted in this project. Instead of plywood and gypsum,

panels made from recycled newspaper content were installed as sub-floors and interior partitions.

! Zeiher, 182.
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Floor tiles were made from recycled glass and countertops from recycled plastic. Wall insulation
made from a CFC-free cementitious foam augmented existing building insulation along with low-E
2-layer windows. Finish materials were selected that did not release toxic chemicals. This included
carpets and carpet padding that were made from 100% natural material (wool and jute, respectively)
and no-VOC paint. HVAC systems were analyzed using a program from the DOE and gas-fired
heating / air conditioning units were installed because they are energy efficient and CFC-free. Wiring
for rooftop solar panels was also installed, so that this change could be made easily when payback
periods decline. Finally, an occupancy sensor system was installed to provide lighting only where

needed.

Design features in the National Audubon Society headquarters include ceiling shapes which bounce
light evenly throughout the offices and interconnecting stairs along southern windows which allow
natural light to permeate the center of the building. Accessible stairs also decrease the need for
elevators, saving energy in the process. Special chutes were incorporated into staff lounges to provide
central collection of and food scraps for composting and of paper, bottles, and aluminum for

recycling. An aerobic (air ventilated) composting unit was installed in the basement of the facility.

Example 2: 4 Times Square®*
Client Type: Speculative commercial developer
Type of Work: New construction - office building
Location: New York, New York
Date of Completion: late 1998-early 1999
Cost of Construction: $500 million (estimated)

994

A highly visible “integration of ecology and real estate,” 4 Times Square (also called the Conde
Naste Building) is a 48-story, 1.6 million square foot office building developed by the Durst
Organization and currently under construction in New York. It was the first multi-tenant, commercial
skyscraper to use design techniques and material choices demonstrated by the Audubon Society and
other green building leaders. The structure of the building is similar to that of other traditional office
buildings, yet the construction practices, interior design, and HVAC and energy systems set it apart
from its peers. While the construction cost was 5-7 percent more expensive than traditional projects,
the developers estimate that energy savings and other benefits will provide a payback in three to five
years. The facility was 80% leased early in construction and received much press attention for its

distinctive features.

2 Clifford Pearson, “Developer Brings Green Ideas to the Spec Market”, Architectural Record, June 1997.
3 John Hadley, “The Green Light; Tower May Signal Go-Ahead for Environmentally Sensitive Construction™
Chicago Tribune August 10, 1997.
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To increase the comfort and effectiveness of building occupants, the design emphasized natural
daylighting and improved ventilation throughout the building. The building includes air quality
monitors as well as a special system which can flush three floors simultaneously with 100 percent
outside air - drawn from high elevations to avoid street-level pollution. Interior design guidelines and
product information are distributed to tenants to encourage energy efficient interior systems and

non-toxic materials.

Innovative uses of energy products include photovoltaic cells in spandrel panels on all sides of the
building which will provide 1.5% of base energy needs. In addition, natural gas fuel cells will be
mounted on the roof for the majority of energy needs. Low-E glazed windows and extra-thick

exterior wall insulation add to the building’s energy efficiency.

Recycling was encouraged at all stages of the building life-cycle. The construction site follows a
material salvage and recycling program for demolished materials and construction waste. When

finished, additional trash chutes on each floor will feed automated recycling systems.

Example 3: Body Shop U.S. Headquarters®
Client Type: Owner-occupied commercial
Type of Work: Renovation of an existing facility
Location: Wake Forest, North Carolina
Date of Completion: 1993
Cost of Construction: $2.1 million, $21 per square foot for office spaces, $11 per square foot

in the warehouse.

In 1993, The Body Shop, a cosmetics producer and retailer well-know for socially conscious business
practices, decided to relocate its U.S. headquarters from New Jersey to North Carolina. In the
process, company executives settled on renovating an existing office building and warehouse rather

than constructing a new facility.

The plans called to reuse as much of the structure as possible, while improving energy efficiency,
lighting, and ventilation. Existing heating and cooling units were refurbished and piping for the
future installation of solar water pre-heating units. Skylights were added and the ceilings were

painted with highly reflective white paint, to reduce the need for artificial light, while existing energy

* William Browning of the Rocky Mountain Institute as Quoted by John Handley in “The Green Light” Chicago
Tribune, August 10, 1997.
5 Zeiher, 130-137.
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efficient light fixtures were cleaned and maintained. No-VOC paint was specified throughout the
facility. To promote resource conservation, much of the new floor tiles and carpeting were made
from recycled materials. In addition, salvaged materials were reused, donated to the local Habitat for

Humanity, or separated for recycling.

Example 4: Dewees Island - Reeves’ House’
Client Type: Housing development
Type of Work: New construction - greenfield community development
Location: Dewees Island, SC
Date of Completion: 1995
Cost of Construction: $127 per Square Foot

This 1200-acre island near Charleston, SC was sparsely developed before 1992, when a state-
approved master plan was designed to build a residential community on the island, while maintaining
the natural coastal environment and a 350-acre wildlife sanctuary. The master plan includes
extensive design guidelines and regulates the building process to minimize damage to the island. The
final development will include 150 houses on 225 acres of land. The island is only accessible by

boat and transportation on the island is limited to electric-powered carts and foot-traffic.

The Reeves’ residence addresses energy efficiency, water conservation, indoor air quality, and
material reuse. It is sited and designed to avoid direct southern sun and to take advantage of cross-
ventilation from coastal breezes. A closed-loop geothermal HVAC system was installed as were
energy-efficient, low water usage appliances. The local utility analyzed the energy consumption as
well as proper sealing, caulking and weatherproofing of the house and provided a $1650 subsidy

based on expected energy savings.

Because of specific allergy sensitivities, a powerful central vacuum system was installed. Carpeting
was avoided and only non-VOC and low-VOC paints were used throughout the house. Resource
conservation was addressed through the use of HardiPlank pressed concrete siding, recycled finger-
jointed wood exterior trim, TREX decking (a durable plastic and wood chip composite exterior deck)

and cotton batt insulation made from cotton mill scraps.

¢ Zeiher, 208-219.
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Example 5: Cambridge Cohousing’ *
Client Type: Urban infill, residential, partially speculative, partially pre-sold
Type of Work: New construction of 41 private apartments and shared facilities
Location: Cambridge, MA
Date of Completion: 1998 (anticipated)
Cost of Construction: approximately $100/SF

Cambridge Cohousing is under construction on a 1.6 acre former industrial site in Cambridge, MA,
near Porter Square. The buildings are clustered around a series of walkways and communal facilities
to encourage community activities and preserve green spaces. Green building methods are a high
priority and focus on both design and building material selection. Building systems were selected to
work efficiently together as well as with the natural environment. All buildings are sited to take full
advantage of passive solar heat - both in the buildings and in the outdoor gathering spaces. Building
materials were carefully chosen to decrease environmental impact, to conserve energy, and to protect
human health. The developers eliminated or reduced the use of materials that emit greenhouse gases,

ozone depleting chemicals, toxins, or carcinogens.

Important environmental features include a modular construction process that takes advantage of
scale economies, factory quality control, and weather protected construction to produce units that cost
less to build and are more durable and tightly constructed than traditional alternatives. This method
increases energy efficiency and decreases construction waste. Efforts to conserve virgin material
include wood flooring made from only sustainably harvested lumber, clapboard siding made from a
durable cement and recycled cellulose product, open web joists in place of solid dimensional lumber,
cellulose insulation made from recycled newsprint, ceramic tiles made from recycled glass, and

flooring made from recycled tires, natural linoleum, slate, and quarry tile.

In addition to the tight construction, high-efficiency Pella windows were selected with R-3 insulation
value. A centralized, state-of-the-art heating and cooling system with a ground source heat pump was
installed instead of separate HVAC units. The heat pump also preheats a centralized hot water boiler,
which uses small recirculating pumps to keep hot water circulating on demand. Independent room
thermostats give occupants greater control and avoid heating and cooling unoccupied rooms.

Finally, high efficiency water appliances and light fixtures were used throughout the development.

Indoor Air Quality was addressed with a highly efficient mechanical ventilation system with
controlled air regulators, allowing a fresh air supply to each room and a central exhaust to the

outdoors. This system improves air quality significantly without much additional energy load.

7 Cambridge Cohousing Promotional Literature.
# Interview with developer.
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Example 6: Harmony Resorts’
Client Type: Private resort
Type of Work: New construction of six guest buildings
Location: St. John, Virgin Islands
Date of Completion: 1993
Cost of Construction: $80,000 per unit, $190 per square foot

Harmony resorts, a leader in the “eco-tourism” concept, began its first development twenty years
ago, as a joint project between the National Park Service and the resort’s private developer. The
initial construction consisted of 114 three-room platform tents which were carefully laid out on a hill
overlooking Maho Bay within the National Park. The tents and connecting walkways were
constructed on stilts so as not to disturb the surrounding plant and wildlife. In addition, recycled
materials were specified where available and solar energy was used to make the resort entirely

independently powered.

To build on the success of the platform tents, the developer sought to build a less rustic, but equally
green, addition to Maho Bay. A design workshop was sponsored with representatives from the
American Institute of Architects, the America Society of Landscape Architects, the Eco-tourism
Society, National Parks and Conservation Association, National Oceanic, Greenpeace, and local
community representatives. The results of the collaboration were published in a National Park
Service Publication: “Guiding Principals of Sustainable Design” and a design for the new addition
was developed. The new buildings were constructed with recycled materials, rainwater collection,
solar power, heat mirror glazed windows and water and energy conserving appliances. An elevation

drawing demonstrating how these products were used is shown as Figure 18 below.

Y Resort Literature
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Figure 18: Harmony Resorts Design Features
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Source: J. Hadley Architect, Harmony Resorts. cited by Laura Zeiher. The Ecology of Architecture: 156.

The resort is now spread across two sites and includes a range of guest accommodations, including

the original tents, more refined tents, studios, and small cottages.

10

Example 7: George Washington University
Client Type: Institutional construction
Type of Work: New construction of a residence hall
Location: Washington, D.C.
Date of Completion: 1997

Cost of Construction: $15 million

In 1994, George Washington University formed a partnership with the Environmental Protection
Agency to develop a model program for environmental management of its campuses and facilities.

The partnership, referred to as the Green University Program, would develop procurement and

1 Michael Fickes. "A Study in Green.” School Planning and Management. No. 7. Vol. 36, July 1997: 26.
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building guidelines, energy management systems, recycling programs, and academic programs on the
campus. Construction and renovation of facilities are one of the most visible outcomes of the
program. For example, energy management systems now control about 75 percent of the energy
systems operating on campus - leading to energy efficiency of 15 to 20 percent. Similarly, green
material selection and design specifications have been standardized for all future facilities projects.
Overall, the program has sought to maintain a “cost-neutral position” while still moving toward a

more environmentally sustainable construction program.

The largest project to date is a new nine-story, $15 million residence hall with 119 two-bedroom
apartments. Exterior materials are conventional, yet durable, including granite, precast concrete trim,
and brick facades. Similarly, the HVAC, lighting, and roofing systems are efficient, but do not
exceed conventional specifications. Unusual features include a built-in refuse and recycling system,
linoleum flooring made from recycled materials, and R-20 insulation (double the local code

requirement) on the roof.

The university’s construction department has developed a list of approved materials for future
projects which include wood harvested from a managed forests, zero-formaldehyde emission particle
board, recycled content non-CFC polystyrene insulation, recycled content doors and frames, 100
percent synthetic gypsum, 25 percent minimum recycled content for steel studs, recycled content

acoustical panels, low-VOC paints, and energy-efficient kitchen appliances,

Section 4: Summary

Green building is applicable to a wide range of needs. Aspects can include leading-edge
technologies or simple alterations to traditional methods and materials. These examples have
provided only a brief sample of current green building initiatives. New buildings are developed each
year with increasing frequency and attention. Further study of construction materials and techniques
in other buildings in the U.S., Europe, Canada and Japan is encouraged for a better understanding of

the possibilities in green building.
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CHAPTER 5: INVESTMENT OPPORTUNITIES BY GREEN BUILDING ISSUE

Section 1: Overview

This section builds on the broad description of drivers, examples and trends laid out in Chapters 2
through 4 and uses the frameworks introduced in Chapter 1 to compare and contrast markets and
products. As described earlier, there are four main issues within green building - energy
conservation, indoor air quality, water conservation, and material conservation and reuse. The
importance of each issue varies between the three top markets - residential, commercial, and
institutional construction - and even within these markets. Sources will primarily rely on the broad
range of interviews conducted with professionals in the building industry. Notes from all interviews
and summaries of surveys are attached in Appendix F. Appendix G includes the summaries of
conference visits and interviews by colleagues in Core Resources and Environmental Advantage

Capital.

The first part of this chapter is structured by green building issue. It examines each issue separately -
identifying current market perceptions, typical solutions, market needs, and emerging products and
services. Each issue concludes with a ranking of its potential in the residential, commercial, and
institutional markets, as well as an understanding of the connection between the concerns and
capabilities of decision makers. Following a description of each issue, a section devoted to more

holistic approaches to green building is presented.

As noted earlier, green building issues are not equally attractive as investment opportunities. Indoor
air quality, for example, has the broadest appeal for the future, while energy conservation is fairly
mature with limited growth opportunities. Material reuse is quickly developing in the residential
sector, but is more limited in commercial and institutional because of the differences in materials and
building practices. In contrast, water conservation receives relatively little attention - even in the arid

Southwest states. These perceptions - and others - are detailed in the following chapter.

Section 2: Indoor Air Quality
A. Current market perception

Of the four main issues within green building, new products and services which improve indoor air

quality (IAQ) have the most growth potential across the top market segments. Three main themes
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differentiate it from the other environmental and health concerns, and make it particularly
appropriate for investors who are interested in actively defining the market. First, this issue is most
driven by the market and least by government regulations. Secondly, this issue is still new and
developing, leaving a lot of room for growth in the three market segments. Finally, while some of the
larger producers are actively involved with IAQ solutions, many successful smaller companies have
developed and implemented innovative solutions to real problems. These three factors combine to

make this issue attractive for the medium term investor.

Echoed in all surveys and interviews, indoor air quality is on the minds of developers, building
owners, architects and engineers in the residential, commercial, and institutional markets. Following
some of the well-publicized instances of sick buildings described in Chapter 3, the general public is

more aware than ever of the health risks from indoor air pollution.

While building professionals are usually most concerned with reducing the risk of liability, some of
the more progressive building owners are also interested in improving worker productivity. This
interest develops from concern for their employees as well as good business sense: studies have
demonstrated measurable improvements in worker productivity by increasing natural lighting and the
exchange of fresh air in work spaces. Projects for several companies have eliminated toxic chemicals
from finish materials and included individually controlled temperature zones to improve the working

environment of its employees.
B. General approach to solving problems

Three approaches exist in improving indoor air quality: increasing ventilation, decreasing sources of
indoor pollution, and installing air filters. While many options exist, the most common approach is to
increase the exchange of fresh air in the building. The American Society of Heating, Refrigeration,
and Air-conditioning Engineers (ASHRAE) standard today calls for an air exchange rate of .35 cubic
feet per minute. Depending on the type of building and the needs of the occupants, this can be done
simply by including additional, well-placed, operable windows in the building - as typically seen in
schools and low-rise office buildings. For larger projects, like school gymnasiums and office towers,
however, larger mechanical air handling units are necessary, because they are effective in all weather
situations and require minimal changes in building design. Since building owners and developers are
most concerned with the aesthetics of the building, this option allows the architect to design without
concern for air circulation and then let the mechanical engineer adjust the loads to suit the exchange
requirements in each space. Of course downsides to this segmented approach are the tradeoffs
between energy efficiency and ventilation. For green building companies, this is also a source of

opportunity - where inventors can develop improved ventilation equipment and building designs.
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While most building owners might be satisfied with ASHRAE standards, certain industries - such as
health care and pharmaceutical manufacturers - are driving additional innovations in ventilation.
Food and Drug Administration regulations require high levels of fresh air in both situations to
prevent mixing of chemicals and bacteria between spaces. Operating rooms in hospitals as well as
pharmaceutical production require 100 percent air exchange - no air can be recirculated. These
building changes are forcing designers and contractors to rethink how they do work in general; what
is learned here may spill over into other less regulated areas. Instead of looking at the contamination
of patients in the operating room, architects may focus on the contamination of children in schools or

clerks in office buildings.

In addition to increasing the flow of fresh air, some designers and building owners have concentrated
on reducing the presence of toxic chemicals in the building in the first place. The simplest method is
to specify the same materials as usual, and then allow a period of time - be it a few hours or a few
weeks - to allow the new materials to “off-gas” the majority of volatile organic compounds before
reoccupying the newly finished space. After the installation of a new carpet, for example, the carpet
trade group recommends ventilating a space with fresh air for 72 hours and waiting a minimum of 24

hours before moving occupants back into the building.

Since the exact nature of off-gassing is yet to be defined, the risks of multiple chemical exposure
make removal of most chemicals a preferred approach to improving air quality. In order to promote
both energy-efficiency and good indoor air quality, it is essential to select the least toxic building
materials available. As discussed in Chapter 3, typical culprits are volatile organic compounds,

especially formaldehyde, found in paints, carpets, adhesives, and office furniture.

Finally, where changes to the ventilation and building materials are impossible or too costly, filters
offer a less elegant solution. Either in the form of a “super vacuum” which is used once a day or a
continuous air filter, the technology rests on an electric or extra fine mechanical filter which removes

all particles above 0.3 microns.

C. Evaluation of the Indoor Air Quality Issue by Market Segment
Residential Construction

Despite the need for healthy environments and the increasing rate of allergies in both children and
adults, there remains a lack of consumer awareness on solutions to indoor air pollution. The result is
an inefficient approach to improved IAQ by relying on filters and minor home improvement
changes. Until home buyers are better able to convey their needs to builders, this trend is likely to

continue. Like most features in residential construction, builders meet existing, apparent demand;
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they do not to take risks on new trends. Though home builders are better equipped than the
homeowner to improve indoor air quality, most will not risk using new, unproved designs or
materials. In addition, real estate agents, the gatekeepers of information in residential construction,
rarely discuss this issue. Disclosures of material hazards are limited to lead, asbestos, and radon at the
most; they do not mention the presence or absence of VOCs, mold or poor temperature and
humidity conditions. On the other hand, homeowners rarely research available options themselves, or
state concrete needs to builders. Design changes for indoor air quality generally occur only with the

most severe cases of chemical sensitivity.

Better information and packaging, however, could transform this industry. Because there are a range
of solutions, elements of indoor air quality are accessible to the entire residential market. This
combined with the personal incentives to create a home which is both comfortable and healthy gives
IAQ good growth opportunities in this market. Surveys show that educated consumers place high
importance on the health of their homes. The do-it-yourself market, for example, has demonstrated

demand for no-VOC paint and other non-toxic alternatives for simple home maintenance projects.

One expectation for future change is the liability risk of builders whose houses have problems with
indoor air quality. Given the possibility for litigation, some builders may resort to issuing
disclaimers to their clients, including a list of materials used in the house along with possibly harmful
contaminants.’ If this were to happen, home buyers would become much more aware and interested
in IAQ trade-offs. The builder, in the process, would educate the homeowner, provide alternative

choices, and hopefully reduce his or her own liability.

Needs

While products are important in the end, the residential sector is most in need of information which is
easily understandable and actionable. Ideally, this should be available from several sources -

including real estate agents, home improvement stores and home design literature.

Once that hurdle is met, simple solutions that are easily installed by the homeowner are most
important. On the assumption that the person affected most by the issue is more likely to act, the do-
it-yourself market should be targeted more aggressively than it is currently. Pre-packaged solutions
of coordinated finishes are recommended, where low-VOC paint, natural fiber rugs, and linens are
combined to allow easy installation by the homeowner. Secondly, ventilation upgrades to new

construction and existing systems are important. For the home builder, simple plans with improved

' Interview with Ed Lowans, Environmental Consultant, and Debra Wright, Canada Mortgage and Housing
Corporation, Oct 30, 1997.
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air circulation, natural ventilation, and pre-specified non-toxic materials would reduce the need for

additional resources to address this issue independently.

Commercial Construction

In contrast to the residential market, building owners in the commercial and institutional sectors are
aware and concerned about indoor air quality. This extends beyond the facility managers to the
architect’s design staff and contractors. One Boston-area contractor noted that at least 90 percent of
his clients ask about this issue.” Concern for IAQ has been noted by progressive building owner-
occupants such as the Gap, the Body Shop, Microsoft, and others. In addition, a series of office
renovations in New York City (in addition to 4 Times Square) and other large metropolitan areas,
have focused on a concept called “Smart Building for the 21st Century,” where one of the major

issues is the quality of indoor environments.

Commercial tenants, however, are less aware of IAQ - as news articles on the Motor Registry and other
sick buildings become less frequent.’ Nevertheless, the right marketing would spark renewed interest,
especially if presented as a positive selling point for a new or newly-renovated building. Like
residential construction, information to the tenants is a barrier. Even more important, however, are

the motivations in building owners. As major commercial buildings are'increasingly owned by

REITs and other removed owners, renovation and construction decisions have become more short-
term.’ The main drivers to invest in IAQ are the risk of litigation and the competitive commercial
markets where indoor environmental qualities set them apart. For this reason, high-end office
renovation will be the most likely sector for growth. Service companies which are very salary

intensive, like banking, law, and consulting, are the most likely customers.

Needs

The high-end office market, which is most ready for solutions for improved air quality, need new,
healthier, products for interior retrofits. These products include partitions and office furniture, made
from VOC-free materials, which incorporate plenums for localized ventilation and air quality control.
Carpets with lower chemical emissions are also important. New development and manufacturing of
these products is necessary, though some new products do exist in the European market. To increase

availability locally, importing or licensing these products provides a good growth opportunity.

2 Interview with John Kennedy, Kennedy & Rossi, 11/4/97.
3 Interview with Paul Melo, Coldwell Banker, 11/8/97.
* Interview with Jim Becker, Beacon Skanska, 11/14/97.
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In the lower-end market, information and simple solutions for building tenants, architects, contractors

and owners is just as important as in the residential market.
Institutional Construction

Institutional clients are particularly focused on indoor air quality. Unique among the three market
segments, this is the only area where building owners consistently hire an industrial hygienist as a
third-party consultant for the design team - and where architects defer to them on finish and

ventilation decisions.

Institutional needs are similar to the traditional commercial office building, but go beyond that to
include even more sensitive facilities such as hospitals, retirement communities, day care facilities,
schools, university athletic facilities and dormitories. All of these are particularly dependent on good
indoor environments. Also, the operators of these facilities seem to be particularly attune to the issues
- more so than in the commercial sector. Similarly, professional facility managers - or at least a

dedicated staff member - allow institutions to be more knowledgeable than the average homeowner.

While this market is more mature than the others, there remains a need for information - particularly
in terms of product data and access. Smaller institutions without professional facility managers also
need general information summarizing the issues and providing design guidance. Finally, there are
few barriers to increasing the use of non-toxic, no-VOC products and improved ventilation in

institutional buildings. Several low cost alternatives exist.

Summaries of these discussions on indoor air quality are shown below. As shown in Figure 19,
indoor air quality is a high priority for all three markets with a wide range of high opportunity sub-

markets.

72



Figure 19: Ranking of Indoor Air Quality by Market Segment

IAQ

Market Attractiveness

High Opportunity Sub-markets

Residential

Commercial

Institutional

High

High

Medium to High

e New construction of custom homes
e New construction of speculative homes
e Pre-packaged solutions for the DIY market

e High-margin, high-salary companies - either
tenants or building owners

e Progressive firms which occupy their own
buildings

¢ Pharmaceutical companies already familiar
with ventilation issues

¢ Universities or others with long payback
periods and willingness to test products

e Private schools

o Hospitals / HMO's

Figure 20 demonstrates that most decision makers in the three construction segments are both

interested in IAQ and able to influence the design and construction process in some way.

Figure 20: Ranking of Decision-makers and Indoor Air Quality

Market Decision Makers Indoor Air Quality
Priority Impact
Residential Homeowner Hi Med
Home builder Med Hi
Architect Med Hi
Remodeler Med Med
Commercial Owner Hi Med
Executive Hi Low
Facility Mgr. Hi Med
Tenant Hi Low
GC Med Med
Architect Med Hi
Developer Med Hi
Institutional | Trustee / Board Hi Med
Facility Manager Hi Hi
Architect Med Hi
GC Med Med
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D. Investment Opportunities with Potential for Growth

Emerging products / systems / services

In summary, the IAQ market provides great opportunities for investment - at many levels. Needs are

fairly similar across markets, although the scale and details of the product may differ. New products

on the market fall into four categories - substitute building materials, ventilation systems, filters, and

services.

For all markets, investment in No-VOC paints, adhesives, carpets, particleboard, filters, and monitors

are important.

Paint: The production of no-VOC paints is a strong growth market, but primarily dominated by
the large paint companies. Market entry to this $13 billion industry is limited through
consolidation as well as patenting, making most of the investment opportunities accessible only to
market leaders. Even there, total market growth is limited because the no-VOC alternatives will
only displace existing products. The expiration of patents and increased competition between the
major producers have already lowered no-VOC paints to the same price point as other quality
paints. No-VOC paint development may be more a strategy of maintaining market share rather
than developing additional market growth. Favorite products of green builders are Glidden
Spred 2000 and Benjamin Moore Pristine Paints.

Carpet: There is currently no affordable, VOC-free carpet. Advances have been made in
minimizing the chemicals in carpet backing and adhesives, but natural materials remain the only
non-toxic alternative for the carpet top, and generally cost 2 to 6 times the synthetic variety.
Because of this, long-term investment opportunities exist in developing and patenting a healthy
alternative to traditional nylon carpet. This market is somewhat consolidated, but several small
companies have demonstrated the ability to differentiate themselves through technical innovation
and new product development. Collins & Aikman, the inventor and producer of completely
recycled carpeting for the commercial market, is one of these companies. Interface Carpets is
also actively pursuing more environmentally sound alternatives to traditional carpet production
methods. Development may bring carpet out of its current market slump.

Adhesives: Adhesives, caulks and sealers are a $1.5 billion retail market and a top culprit in
chemical off-gassing both during and after construction. The industry is fragmented, leaving
room for individual firms with innovative solutions to consolidate the industry and grow. Again,
because green product prices are only 1 to 1.5 times the price of traditional products, there are
good growth opportunities here. A favorite producer among green building experts is American
Fabricating and Manufacturing (AFM), from San Diego, CA. Some of the traditional producers,
such as DAP and Franklin have also recently produced lines of VOC-free products but are not

nearly as broad and well-regarded as AFM.
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e Air Quality Sensors: In high-end residential, office construction, and some institutional facilities

there is a sizable opportunity for integrated products that can control space humidity,
temperature, and fresh air levels independently of one another. Research on combined systems
that use desiccants to control humidity and vapor compression air conditioning to control
temperature is expected to result in an efficient, integrated system that can provide better comfort
at reduced operating costs.

e Air Filters: Air cleaners are a $150 million retail market, with increasing growth as building
occupants look for simple ways to improve air quality without the expenses and time delays of

renovation or new construction.

For the residential market, there are additional opportunities in both products and services:

e Residential Ventilation Systems: As described earlier, there is a conflict between energy efficient

HVAC systems and indoor air quality. Therefore, good ventilation systems which provide a high
air exchange rate but do not decrease the tightness of the building are in demand. Air-to-air heat
exchangers are the favorite product at the moment. Again, this sector is fairly fragmented with
room for consolidation as well as growth in better quality products. Notable companies include
Vent-Aire Systems, Nutech, and Honeywell. Products vary in price and features. Some replace
residential furnaces and water heaters and cost 2-3 times as much as traditional systems. Others
are efficient additions to an existing forced air system and cost less than a standard heat
exchanger and fan coil.

e Home Improvement Solutions: Pre-packaged solutions with healthier alternatives to the typical

DIY project are necessary because of the lack of information or brand recognition in indoor
environment products. Jointly marketed products for specific projects around the house could
solve this problem by combining all of the relevant healthy paints, floor coverings, furniture, and
decorations into one easy-to-recognize package. For example, all parents are concerned with the
health of a newborn child and most renovate a room in the house when a new baby is brought
home. A suggested solution is a line of products which are jointly marketed, use the most healthy
materials available, and are geared to the nursery. This could be followed then with a line of
“Healthy Home” products for the entire market. Half-hearted versions of this marketing have
been made by companies ranging from L.L. Bean to an environmentally-geared linen catalog.
However, no one has created a full line of products which are available in a major store, such as
Home Depot or Sears.

e Healthy Homes: A few steps beyond the natural nursery idea, opportunities exist for homes

which are designed and constructed with a holistic approach to improving indoor air quality.
This is not a new idea and there are several examples of existing projects which were built for
chemically sensitive clients and as model homes for the American Lung Association.

Nevertheless, these projects were custom designed and built and have not been available on a
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large scale for the average home buyer. Similarly, home builders are looking for ways to
differentiate themselves. The development of a series of well-designed, traditional-looking homes
which use the most healthy products available at similar price points would allow a builder to
distinguish their properties from others on the market. Also, if a larger builder could adopt some
of these plans and move down the learning curve quickly through volume, it could develop
streamlined ordering of some of the more unusual products - possibly even developing exclusive

sourcing which would create barriers to entry for copying builders.

For the commercial and institutional office markets, three products are needed:

o Raised flooring systems: Instead of installing dropped ceilings to conceal wire conduits and

HVAC plenums, a system of raised flooring panels have been used in Europe and Latin America
for several years. Recently imported to the U.S. market, these products improve upon the
dropped ceiling in several ways. First, they utilize nine inches of space versus twelve to twenty-
four for the average ceiling system, allowing shorter distances between floors in new construction
and providing full access to tall windows in renovations of older buildings. Secondly, the floor
level plenums are not only more energy efficient than their predecessors but also connect to
plenums in coordinated desks and partitions to provide heated or cooled air directly to the
individual’s upper body. If accepted by the building market, growth opportunities are large and

could include a significant portion of the office renovation market.

e Office furniture and partitions: Despite the growing concern over office air quality, few

manufacturers of office systems focus on the chemical make-up of their partitions, desks, and
chairs. As discussed, many of these are comprised of particleboard and foams which off-gas
formaldehyde and other VOCs. A large producer of office systems, Hermann Miller, has
developed systems made from recycled materials, but it currently has no lines which are free of
VOCs. However, a much smaller company, Lowenstein, specializes in VOC-free products, which

sell at the same price point as high quality commercial furniture.

e Energy efficient commercial ventilation: Like the problem in the residential sector, commercial

contractors and designers noted a need for innovation in heat exchangers and HVAC units, in
general. One contractor noted that, for years, mechanical systems have lagged far behind
structural systems in their innovations. Green Building initiates could well be the impetus for

change in this industry.
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Section 3: Energy Efficiency
A. Market Perception

Energy efficiency is often the most visible aspect of green building. It is recognized by all markets,
though not always pursued beyond building code requirements. For most, energy costs are currently
too inexpensive to warrant significant design changes or equipment upgrades. As noted by one
contractor, “energy efficiency is addressed by 90% of customers, but acted on by only 10%.” In
fact, some clients apply for waivers to meet lower efficiency standards than required by code. In
general, investments in energy efficiency are most relevant for large scale, low margin operations and

in new technologies which offer only long term payback periods.
Current approach to solving problems

As one of the oldest concerns of the green building movement, energy efficiency is also one of the
most mature. Most decisions on energy efficiency are driven by building codes which dictate
minimum R-values for insulation in walls, roofs, and windows, as well as rating requirements for
efficiencies of appliances, water heaters, and lights. For those clients who desire additional energy
efficiency, most choose double pane windows, thicker wall and roof insulation, more efficient
appliances, and more efficient lighting. In addition, good design including passive solar elements
and natural ventilation help reduce heating and cooling bills. A solution which receives much
attention from the climate change scientists, but little from the building community, is installing light
colored roofing instead of typical dark shingles. This one change in roof color is estimated to save
roughly 40 percent in avoided cooling costs across the country. Even in temperate climates this
would be effective. Also important in the effort to curb emissions of carbon dioxide 1s a trend toward
substituting natural gas for electricity, which many consumers do for comfort and convenience, as
well as cost savings. Less common additional steps are alternative energy systems - including

photovoltaics, wind and geothermal energy.

B. Evaluation by Market Segment

Residential Construction

In residential construction, energy efficiency is consistently rated as one of the top green issues by
both home buyers and home builders. Nevertheless, there is little interest beyond meeting building

codes and installing energy efficient appliances. In renovations of older homes, wall and roof

insulation, as well as double pane windows will be specified, but generally will not exceed the

3 Interview with John Kennedy, Kennedy & Rossi, 11/4/97.
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standards of new construction. Given increasing discount rates at the margin, the homeowner is often
less willing to spend another $100 or $1000 dollars on energy efficiency, even though lower
operating costs will create a short payback period. Surprisingly, among the most environmentally-
focused builders, energy efficiency is less of a priority than healthy interiors and resource

conservation.
Market Needs

In residential construction, the appropriate building products are available to create very energy
efficient homes. One significant unmet need is for improved efficiency in mechanical equipment -
such as HVAC systems and hot water heaters. Other market needs include information, marketing,

and design and construction skills.

While all homeowners would prefer lower utility costs, the majority do not make this factor a major
consideration when buying a new home. As noted in the NAHB’s 1996 survey of homeowners,
energy efficient appliances were the only energy related desire on the top ten concerns in buying a
home. To increase the concern beyond this issue - the homeowner needs additional information and
incentives from trusted sources. Real estate agents are the most likely source of this information,
along with their Multiple Listing Service - a database of details on homes for sale. Making this
information public, however, may be difficult without legislation or significant state or local pressure.
Real estate agents, generally, do not want to add any information voluntarily that may discourage

home sales.

As usual, when the demand is fuzzy, the supply of energy efficient houses will be weak. The majority
of builders will not spend the limited resources they have designing and marketing energy efficient
houses. While there are creative (and risk-taking) builders who develop energy efficient houses and
then guarantee energy costs below a certain level, there numbers are low. The majority of builders

are not willing to add more long term risks to an already long list of warranties.

Awareness and interest could increase, however, if changes are made in the information flow about
utility costs, if Green Builder Programs develop around the country to recognize these energy
efficient homes, and if banks reward energy efficiency with lower interest rates or higher mortgage
limits. On the supply side, builders need better designs that incorporate passive solar and passive
ventilation elements into houses, while keeping with traditional building styles. Secondly, marketing

plans for builders to tout the benefits of energy efficient houses are important.
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Commercial Construction

In commercial construction, building owners and tenants are typically much more inquisitive about
utility costs, partly due to the scale of the costs and partly due to professional facility managers,
whose jobs revolve around such data. The sale of an existing office building, for example, includes a
package of information on the operations of a building, including all of the monthly rental income
and monthly utilities and maintenance costs. Again, due to the scale, this information is much more
detailed than what is provided in residential construction. In addition, the recent focus on Building
for the 21st Century includes smart systems and designs which reduce energy consumption, as well as

providing more comfortable environments.

Energy conservation is limited, however, for building tenants who have little input in the construction
of a building. The struggle between the building owner’s plans for low construction costs and the
tenants desire for low operating costs is usually won by the owner. While tenants may be able to
replace existing lighting with more energy efficient models, the most energy consuming features of a
building - the mechanical systems and insulation qualities - have already been installed before their

arrival.

Those companies which are most likely to make investments in energy efficient systems are likely to
be owner-occupied buildings for either very progressive companies who are investing in an image or
low margin operations where utility costs are a relatively high portion of their total costs. The first
example might be a leading high-technology or consumer products company. The latter may be a

hotel or apartment building.

For building owners, there are few barriers to implementing energy efficient technologies, if the

paybacks are less than two or three years at the time of an already planned construction or retrofit.
Information on new energy saving products, however, is difficult to track. Sweet’s, the ubiquitous
catalog of building products, contains manufacturers’ literature but there is no objective source of

comparative information for the commercial sector.
Institutional Construction

Institutional construction is fairly similar to commercial construction in the information and guiding
incentives. In some ways, institutions may be more ready to make investments in energy efficiency
because they are often willing to accept longer payback periods. In addition, most are building
owner-occupants and less subject to the mismatch of incentives found with the building owner and

tenant.
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On the other hand, budgets are often limited, meaning that simple solutions - efficient lights and
bolstered insulation - are generally the target of design changes. Like commercial construction,
improved mechanical equipment is the focus of desired improvement. As shown in Figure 21,
energy efficiency is a low to medium growth issue within the top market segments. As in commercial
construction, growth opportunities exist in two disparate groups: image conscious owner-occupants

with long payback periods and low-margin operations with high energy consumption.

Figure 21: Ranking of Energy Efficiency by Market Segment

Energy Market High Opportunity Sub-markets
Efficiency Attractiveness

Residential Low-Med » Affordable housing, custom homes
Commercial Med ¢ Owner-occupied with low margins, hotels

® Progressive owners, design for the 21st century

Institutional Med ¢ Universities or others with long paybacks, willingness to test
products
e Low-margin, high energy consumers - hospitals, dormitories

Figure 22 identifies the priorities and impacts of key decision makers and shows that there is little

connection between those who value energy efficiency and those who make the building decisions.

Figure 22: Ranking of Decision-makers and Energy Efficiency:

Market Decision Makers Energy Efficiency
Priority Impact

Residential Homeowner Med Med

Home builder Med Hi

Architect Med Hi

Remodeler Low Med

Commercial Owner

Executive Low Low

Facility Mgr. Med Med

Tenant Med Low

GC Low Med

Architect Low Hi

Developer Low Hi

Institutional | Trustee / Board Med Med

Facility Manager Med Med

Architect Low Hi

GC Low Med

80



C. Emerging Products and Services: Investment Opportunities

Despite this lukewarm appreciation for energy efficiency, several products are interesting as they

work well to solve other challenges in construction.

e Wall Panels: Primarily for the residential market, a variety of different wall panels provide an
energy efficient alternative to traditional 2’x4’ construction with plywood sheathing and
fiberglass batt insulation. These wall panels come in many forms, but generally include higher R-
values than standard construction, thicker walls, and integrated exterior and interior finishes. In
many cases, these panels are also structural. Example producers are EnerGrid, FasWall,
Agriboard, Homasote Co., and Tenneco. Panels by some of these producers are also material
conserving by using recycled raw materials, such as packaging material, agricultural waste, and
newsprint. EnerGrid, for example has negligible raw material costs, as it uses waste Styrofoam
collected at no cost from shippers and distributors of products which come surrounded by

protective foam.

e  When built efficiently, most wall panels cost the same or less than a completed 2x 6 framed wall
with insulation. Traditional construction practices, however, present a significant barrier to the
use of these panels. Because they replace on-site dimensional lumber construction, all trades
would have to revise their typical work sequence - creating scheduling and estimating conflicts.
These hurdles could be overcome through factory built modular construction, providing good

market growth and potential industry consolidation.

¢ Alternatives to Fiberglass Insulation: Several new types of insulation are on the market which

offer alternatives to fiberglass insulation. Cellulose insulation, for example, is made from
recycled paper and cotton waste and is often selected for clients who are allergic to fiberglass.
This industry has recently undergone consolidation by Greenstone Industries and Louisiana-
Pacific. Another group of alternative insulation includes specialized foam products installed by
licensed contractors. One popular example is Icynene, which is made from modified urethane

and does not off-gas. It has been used in Canada since 1982.

e Hot Water Heating: Several new products have been developed which both save energy and

increase comfort and convenience in the home. Water recirculating devices and tankless water
heaters provide hot water on demand. This eliminates the wait for hot water which is so common
in most homes. They also avoid tank and line energy losses and cost less to install and operate
than the traditional boiler. In the process, they reduce the waste of potable water, an additional

economic and environmental benefit. Many small manufacturers are active in this market,
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including Advanced Tech Industries, American Water Heater, Controlled Energy Corp., and
Rheem/Ruud.

e Grid-connected, building-integrated photovoltaics: Photovoltaic (PV) technology is one of the

most promising and efficient forms of solar technology, because it directly converts the sun’s
light into electricity. With billions of dollars in investment, however, PV systems have been slow
to develop commercially. Nevertheless, hope remains that lower production costs, higher
efficiency, better designs, and utility net-metering combined will produce a stronger market in the
traditional construction sector. Arthur D. Little has projected that the annual U.S. market for PV
on buildings could top $2.5 billion in the next ten years.® Solar tiles have been developed in
Japan and in the United States a new PV shingle is commercially available. More recent advances
have included PV panels as spandrel materials for commercial construction, as demonstrated at 4
Times Square. International growth is expected to be even higher (averaging 15 to 20%

annually).

Grid-connected, building-integrated panels provide two benefits over traditional roof-mounted
PV modules. First, real-time metering of energy consumption and peak load sell-back programs
will provide cost savings only available to grid-connected PV systems. Secondly, new PV panels
and shingles replace traditional roofing material, thus making the building more attractive and
reducing the incremental additional cost of the panel. In addition, federal and state tax credits
along with utility grant and lending programs are expected to help subsidize initial investments

under programs such as the Million Roofs Campaign and similar state programs.

e Geothermal Energy: Geothermal heat pumps draw naturally heated water from 150 to 250 foot

wells and supply space heating and cooling in over 100,000 buildings in the United State.” Most
of these sites exist in California and the western Mountain states where geothermal temperatures
are known to be warmest and most cost effective for heating. The potential for geothermal
energy is large, but the expense (over $12,000 for a residential system) and environmental
consequences of tapping some of the more remote reserves create barriers to wide spread use.
However, in the right location, it is one of the cheapest sources of energy, second only to

hydroelectric power. The industry is growing 10% to 20% annually in North America.

e Transpired Collectors: Geared primarily toward the industrial market, a transpired collector is an

exterior wall panel which collects solar energy in an air space between the exterior and interior

wall and recirculates this air through the facility with a fan. The wall can also be used to cool the

6 «An Architects Guide to Photovoltaics”, American Institute of Architects Research, 1997.
7 Zeiher, 74.
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space, by venting the warmed air to the outside instead. One example is the patented Solar Wall,
which replaces a typical exterior metal wall. Payback periods for the initial investment run from
three to six years, depending on whether the system is retrofitted or included in the original
building design. This product has been in use since the early 1990s in industrial facilities for

General Motors, Federal Express, and others.

Section 4: Material Conservation and Reuse
A. Market Perception

Like indoor air quality, material conservation and reuse is an emerging issue in green building.
Unlike indoor air quality, though, most mainstream architects, contractors, and building owners do
not consider material conservation when designing a new building. Even though designers may not
go out or their way to find material conserving products, they are probably already using them for
their durability and stable costs. For example, recent changes in residential construction have
increased the use of products which conserve wood. Many of these changes in material specifications
have been driven by deteriorating lumber stocks. As the trunk sizes of harvested trees shrink, lumber
producers have been forced to develop new ways to build longer spans with smaller pieces of wood.
In the end, a wide range of engineered wood products developed which achieve longer spans and
have more stable prices than their dimensional lumber equivalents. Similarly, many recycled-content

materials are more durable and less expensive than their traditional counterparts.

Combining low cost and high quality is the most sustainable way to attract customers to green
building, leaving environmental qualities as an added benefit. For this reason, several material
conservation products have great potential in the coming years - particularly in the residential

segment where lumber shortages and high construction site waste are growing problems.
B. Evaluation by Market Segment
Residential Construction

Residential construction is the most applicable market for recycled material and material conserving
products, primarily due to rising costs of construction waste disposal to both the builder and the
community. Similarly, the depletion of old growth forests for logging means that lumber is less
plentiful and less stable in price than it was previously. Recycled material content products are also
becoming popular for exterior finishes because they are more durable and require less maintenance

than their predecessors. Surprisingly, these environmental qualities are rarely advertised.
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Beyond these basic products, material conservation is recognized by only a niche group of builders.
While the issue may not be on the minds of individual home builders, the reduction of construction
waste is a very important issue for the home building industry, in general. In fact, Kitsap County’s
Green Builder program was started by focusing only on this issue. Limitations to their local landfill
concerned the leaders of the local home builders association (HBA), because the next landfill in the
area was across a range of mountains and tipping fees were nearly three times the current rates. The
HBA set up the Green Builder Program at first to mandate construction site recycling and the
program grew to encompass other green issues. The landfill problem is difficult to solve, because it
requires a number of independent contractors to devote their resources to the good of the
community. Recycling construction waste requires the coordination of many parties and low margins
may not warrant the effort without government intervention. Nevertheless, the Kitsap program
currently provides only a carrot - recognition and marketing as a Green Builder. In the future,

though, failure to comply may also include a stick.
Market Needs

To unleash the potential of recycled material use in the construction industry, a systematic approach
to waste recovery, reuse, and resale is needed in a community. This has yet to occur on a large scale
and will probably require a combination of marketing innovation to increase demand for the
recycled products as well as regulatory policy to create a stable supply of recycled raw materials.
Nevertheless, small success stories from different communities have indicated that a closed loop
recycling and reuse system is possible. In Kitsap county, a mandate to recycle waste gypsum board
encouraged the opening of a recycled gypsum plant - further fueling the use of recycled materials in

the community.*

Again, information on products is needed by designers and home builders who wish to specify

recycled materials, but have difficulty comparing products or finding local distributors.
Commercial and Institutional Construction

In commercial and institutional construction, little concern is given to material conservation or
recycled products. Similarly, the market for these products is much smaller than in the residential
market. Engineered lumber, as well as exterior sidings and decking products made from recycled
waste materials, have only a niche market in commercial and institutional projects. The most likely
materials for growth are interior finishes, such as sustainably harvested lumber or lumber substitutes

such as bamboo for use in flooring and other finishes. Alternatives to plywood and drywall, such as

* Interview with Art Kastle, Kitsap Co. Washington HBA, 11/14/97.
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recycled material boards are also relevant for interior partitions, particularly where the products are

non-toxic and hence improve indoor air quality.

On the supply side, while residential builders face significant costs from waste disposal, commercial
and institutional construction is not proportionally as wasteful. Structural steel and steel studs - major
elements of commercial and residential construction - are ordered with less waste and what little waste
exists is already separated out for recycling, because of the relatively high resale values. The result

makes steel the most recycled material in the United States.
Figure 23 summarizes the divergence in market perceptions on material reuse and conservation.

Figure 23: Ranking of Material Conservation and Reuse by Market Segment

Material Reuse Market Attractiveness ~ High Opportunity Sub-markets

and Conservation

Residential Medium to High o All home builders
¢ Environmental niche custom homes
e Local recycling, waste group

Commercial Low to Medium e Progressive owner-occupants

Institutional Low o Progressive owner-occupants

Within the residential sector, the home builder is the most influential decision-maker, as shown in
Figure 24.
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Figure 24: Decision Making and Material Reuse and Conservation

Market Decision Maker Material Reuse
Priority Impact

Residential Homeowner Low Low
Home builder Hi Hi

Architect Low Hi

Remodeler Med Med

Commercial Owner Low Low
Executive Low Low

Facility Mgr. Low Low

Tenant Low Low

GC Med Med

Architect Low Hi

Developer Low Med

Institutional | Trustee / Board Low Low
Facility Manager Low Med

Architect Low Hi

GC Med Med

C. Emerging Products: Investment Opportunities
New products in this growing market include the following investment opportunities:

e Sustainably harvested lumber: Currently a small portion of the total lumber market, sustainably

harvested lumber is sold at the same price point as equivalent products from traditional
lumberyards. Because of this free “environmental bonus,” once consumers are aware of the
availability of sustainably harvest lumber, they may specify it over alternative products. One barrier
to market growth is limited local availability. Growing certification of public forests should increase
supplies, however. While the current certification process requires initial investments of up to
$100,000 for large land owners and annual inspection fees, opportunities to increase market share

may make the investment worthwhile.

e Recycled Carpet: Several companies have developed carpeting made from elements of old recycled

carpet, though only Collins & Aikman has developed a nylon carpet from 100% recycled carpet -
called ER2. In a great example of economies of scope, Collins & Aikman has introduced a unique
system, where the carpet delivery truck delivers and installs a client’s new carpet, removes the old
carpet and pad and transports them back to the main factory for shredding and reprocessing into a
completely new carpet. In the end, no solid waste is produced, raw material and disposal costs are
nominal, and transportation costs are unchanged. The ER2 carpet was introduced in 1997 and has
exclusive standing orders from Blockbuster and the Gap for store renovations. Products are

currently limited to the commercial and institutional markets, however.
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e Recycled material panels: Like the wall panels discussed in the section on energy efficiency, these

panels are substitutes for traditional gypsum wallboard and interior grade plywood. Products are
made from recycled gypsum, newsprint and agricultural waste and sell at similar prices to traditional
drywall. Agriboard and Strammit are well regarded producers. Recovered wood medium density
fiberboard (MDF) is a growing market. CanFibre of Toronto is building a $120 million plant in
California to manufacture recycled wood MDF. Ponderosa Products is another large producer, with

$20 million in revenues.’

o Recycled material exterior siding: Siding made from recycled wood, cellulose, fiber and cement are

extremely popular for their durability and workability. Popular examples include HardiPlank, a lap
siding product made from cement, ground sand, and cellulose fiber, which requires little
maintenance, resists warping, is waterproof, noncombustible, and carries a 50-year warranty. In
addition, it can be nailed, painted, and stained like normal wood siding. Other products by the
HardiPlank manufacturer can be used as siding, fascias, soffits, and skins for laminated panels.

Similar products are made by Georgia-Pacific, Louisiana Pacific, and Smurfit Newsprint Corp.

e Plastic Lumber: Plastic lumber is usually a recycled material made from a combination of post
consumer thermoplastic and recycled wood fiber. The result is a range of products for decking,
railings, fences, and garden furniture which require no maintenance and can be easily molded into
custom shapes. Trex is a popular product for decking which costs 20 percent less expensive than
quality redwood and is much more durable. Another producer, Earth Care, has recently acquired
several small plastic lumber producers in an attempt to consolidate the industry and develop more

vertical integration.

e Recycled-material tiles and countertops: Tiles and countertops are manufactured from a wide

variety of raw materials, including recycled ceramic tiles, by-products of feldspar mining, recycled
auto and aerospace glass and curbside glass. The products also range in price from the same price
as economy lines of ceramic tile to 7 times this. Appearances, colors, and sizes are similarly varied.

The producers are extremely small and often serve only regional distributors.

eEngineered Lumber While initially oriented toward commercial and institutional buildings,

engineered lumber is now growing rapidly in the residential market. In an attempt to displace a
portion of the sizable dimensional lumber market, this product provides longer spans, easier
workability, and more consistent prices. Engineered lumber benefits the environment by requiring
one third the wood as an equivalent dimensional member. Market leaders are Trus Joist MacMillan

and Louisiana-Pacific.

® Jerry Powell, Resource Recycling, November 1997: 33 as reprinted by GreenClips, December 1997.
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Section 5: Water Conservation
A. Market Perception

Water conservation is the most mature aspect of green building, with the least room for market
growth. A minor issue in even the most arid states, it is completely dwarfed by the issues of energy
efficiency, indoor air quality and material conservation in other areas. Like energy conservation,
the most relevant markets are low-margin, high-water consumers - hotels, hospitals, and large housing
complexes with centrally metered water. As described in Chapter 2, in certain older urban areas, like
Boston - water rates are increasing rapidly and receiving significant attention from residential and
commercial markets alike. Whether this will result in increased water conservation or just more

political debate, is uncertain.
Current approach to solving problems

Even more so than energy efficiency, water conservation is driven by building codes. Designers and
contractors work to meet the requirements of codes which specify low-flow toilets, faucets and
showers. Beyond this point, only niche builders are active. Similarly, there is little research in new

product development in this field.
B. Evaluation by Market Segment
Residential

If new products were available, they would be received with little enthusiasm because water rates are
typically so low. In fact, the trend toward enormous bathrooms with proportional bathtubs points

away from water conservation.

One notable exception to this rule, however, is the multifamily housing market - and particularly low
income housing developments where water meters are centralized and paid by a central operations
group, not by individual tenants. The Boston Housing Authority, for example, is particularly

interested in water conservation and promotes builders of water conserving buildings."

An issue which is important in all sectors of the residential market is water quality. This is normally
addressed by filter companies, such as Culligan Water, and other large competitors in residential tap-

filters and water delivery.

1 Interview with Steve Stuntz, GreenVillage Homes, 12/10/97.
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While the conservation of potable water is often limited, there remains marginal interest in two
alternatives to wastewater treatment: gray water systems and alternative septic systems. Both face
resistance from health inspectors, though they are suitable for specific markets. The first, gray water
systems, provide a parallel network of plumbing to return slightly contaminated water for reuse in
fixtures which do not require potable water (like toilets and landscape spigots). While initially more
expensive, because of the materials and labor required to build the system, if designed and
completed at the outset, the savings in conserved potable water can payback the cost of installation in

two to three years.

The second option, alternative septic systems, is most relevant in rural settings which are not
connected to the local sewer system and which have the land to develop the small wetland needed to

decompose the wastes before discharging them into another septic system.

Commercial and Institutional Construction

Like residential construction, little attention is paid to water conservation by the commercial and
institutional construction sectors. Exceptions to this rule include hotels (hence the “reuse a towel”
campaigns), hospitals, multifamily housing, and dormitories. Though not included in this discussion,
the industrial sector - particularly the pharmaceuticals and semiconductor markets - are especially

interested in water consumption and purity because their usage and quality demands are so high.

As summarized in Figures 25 and 26, water conservation is generally unattractive to most markets.

Exceptions include low margin, high usage operations in each market.

Figure 25: Ranking of Water Conservation and Market Segments

Water Market High Opportunity Sub-markets
. Attractiveness
Conservation
Residential Low o Large low-income housing developments
Commercial Low o Large, owner-occupied, low margin operations: Hotels
Institutional Low o Hospitals, University dormitories
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Figure 26: Decision Making and Water Conservation

Market Decision Makers Water Conservation

Priority Impact

Residential Homeowner Low Low
Home builder Low Hi

Architect Low Hi

Remodeler Low Med

Commercial Owner Low Low
Executive Low Low

Facility Mgr. Low Low

Tenant Low Low

GC Low Med

Architect Low Hi

Developer Low Med

Institutional | Trustee /Board Low Low
Facility Manager Med Med

Architect Low Hi

GC Low Med

C. Emerging Solutions - Investment Opportunities

In water conservation, few opportunities are available for new product development. For the few
building owners that are interested in water conservation, simple renovations and the installation of
low-flow fixtures are sufficient. Innovations in gray water systems and wetland systems are
environmentally sound but growth is limited. The appropriate markets are small, barriers from health
inspectors are significant, and initial costs are high. These products will attract only niche markets,
including progressive commercial and institutional clients and rural, residential markets in arid

regions.

Section 6: Summary of Opportunities in the Green Building Issues

In summary, investment opportunities are best directed at products which satisfy the following

characteristics:

e Easy entry and growth: unstructured industries with room for consolidation

e Aligned incentives: market segments where key decision makers’ priority and impact are
both high or medium.

e Market-ready products: where low cost, quality, and appearance are already aligned with
market needs.
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e Multiple Solutions: products which solve more than one problem for the consumer.

e Focus on comfort over philosophy.

Finally, market perceptions of the four green building issues could best be summarized in the
following table (Figure 27) which shows that indoor air quality is the strongest market followed by
material conservation and energy efficiency. The most approachable construction segment is the

institutional market, though residential and commercial are by no means weak.

Figure 27: Overall Market Perceptions

Indoor Air | Energy Material Water
Quality Efficiency Conservation/ Conservation
Reuse
Residential Hi Med Med-Hi Low
Commercial Hi Med ' Med Low
Institutional Hi Med Med Med

Section 7: Whole System Services

While each of the above issues has merit in different markets, the most interesting investment
opportunities are in products and services which cut across issues and solve primary barriers to green
building. The new opportunities here represent ideas which solve the main problems of information,
marketing, and construction services addressed in the opening of this thesis. Some of these
opportunities are up and running, others are developed but yet unfunded, and others are merely
ideas. Options include catalogues, a manufactured housing plant, a design center, a building rating
program, a green builder marketing service for home builders, and a construction waste recycling
program. Some are geared to the residential market, some to commercial or institutional, and some
to both.

A. Information

The need for additional information has been a repeated theme in discussions with building
professionals from all construction segments. Until recently, most of the information for green
building techniques was distributed by word of mouth, informal databases, and internet web pages.
This sporadic information did not suit the needs of all possible parties. The truly green builder

needed more detailed information on recent product developments and local availability; the novice
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required information on designing and building with green products; and the uninterested

professional needed motivation and incentives to incorporate green building elements. All of these

needs are now being addressed by relatively recent services.

Professional journals: For the building professional, two dedicated sources of information offer

new product descriptions, design solutions, regulatory review, and other articles on green building
throughout the United States. The most established and well-respected source is a bi-weekly
newsletter called Environmental Business News (EBN), published in Vermont. This newsletter was
established in 1992 and has since developed a subscriber base of 2000. A new journal, called
Environmental Design and Construction published its first issue in October 1997 to meet the
green building needs of the architecture, engineering and construction (AEC) community.

Product catalogs - For the practitioner who needs detailed information on specific products as

well as sourcing data, at least ten local and national directories are available providing a range of
information quality and quantity. Prices range from negligible to $200. The Harris Directory,
by B.J. Harris, is one of the original databases, and is available for free, by sending a blank disk to
the author. Other versions are published by local Green Builder programs and universities. A
recent national version was published in early 1997 and is available for $40. It is called the Green
Building Resource Guide and includes a very helpful set of symbols and price indices. Finally,
the first installment of a “Green Sweets” was published in December 1997. This catalog was
developed with EBN and is called What’s Working Green Products Catalog. It includes a green
building introduction to each building product category, product reviews and ratings, and
manufacturers literature. The authors plan to make this the national standard for Green Building
information, and will follow up the original catalog with a CD-ROM and possibly searchable
internet-based databases.

Green Building Design Center: Under construction and scheduled to open in February 1998, the

Design Center for EcoSmart Healthy Properties will be located on the entire 23rd floor of Trump
Tower in New York City. This prominent address will provide physical displays of up to 500
green building products - from furniture to flooring. The center will be open to the public and
tour groups of architects, students, developers, contractors, and bankers will be encouraged to
attend. The center operates by charging manufacturers a flat rental fee for display space -
producing $1 million in revenue. The revenue is then partly used to run the center and partly
used to host large commercial and residential developers for profession presentations on the
economic and environmental benefits of green products. This idea presents one of the first truly
mainstream approaches to increasing public awareness to green building products.

Rating Services - Rating programs - like Consumer Reports or the nutrition labels on food
packaging - provide objective, comparable information to the consumer. These standards
increase credibility of individual products as well as the industry as a whole. Green Seal and SCS

certify the environmental claims of green products, in general, and serve several large building
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material producers. The U.S. Green Building Council has developed standards for rating the
environmental and health qualities of entire buildings, using inspiration from similar programs in
Canada and Britain. Their program - called LEEDS - is still in development, but will soon inspect
buildings for a fee and provide a plaque outside the building with relevant details on the
building’s environmental qualities.

e Internet Services: Today’s green building movement is strongly fueled by the internet.

Countless web pages providing information on environmental and health issues in buildings have
been published by government agencies, university programs, non-profit organizations, private
companies, and individuals. A guide to green building internet sources is included in

Appendix H. One particularly informative option is a free biweekly email service from
GreenClips which collects and reproduces articles relating to green buildings.

¢ Computer Building and Environmental Design Programs: While there are a number of computer

aided design (CAD) programs on the market, none incorporate all of the relevant environmental
and health information in one package. As discussed earlier, there are often trade-offs in
designing and constructing green facilities. Architects and builders have no simple and effective
way to measure these trade-offs and then explain them to their clients. This type of program
would be a good step in helping the current green builders. It would also lower the information
barriers for new entrants.

e Green Building Real Estate Services With the expected growth in both supply and demand for

green buildings, a gatekeeper will soon be needed to share information and bring parties
together. Demand exists today for the small market of chemically-sensitive home buyers, but this
should grow with great consumer awareness. The market for traditional real estate agent services

generates $10 billion in commissions and is heavily weighted toward residential clients.

B. Marketing

While information sources are developing quickly, savvy marketing programs are less strong.
EcoSmart Healthy Properties is probably the most sophisticated marketer in the industry and they are
just starting out. The size and nature of the construction and building materials industries require a
more targeted approach for green building for this to grow into a mass market. Ideas include
marketing services for home builders and small building product manufacturers - organizations that

traditionally do little marketing.

e Marketing Services for Home builders: This service would provide simple designs, product

specifications, and advertising literature for home builders wishing to introduce green homes.
Interviews with builders and HBA representatives in areas with new Green Builder programs
indicated that the small staffs at most home builders are overwhelmed by the design options and

product variety in building green. In addition, they have a difficult time explaining the benefits
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of their homes to the public and differentiating their product from others. As Green Builder
programs expand, similar challenges for builders will develop in other cities. Marketing services
could grow with Green Builder programs, spreading knowledge from one market to another.

Consolidated Marketing for Small Producers: Small manufacturers have a difficult time growing

beyond a regional distribution model, because their marketing skills are often limited and
unprofessional. Small staffs often do not understand the larger market and do not know how to
explain their benefits to unfamiliar customers. Along the same lines, several green builders and
architects want information on specialty producers, but can not find it. Several producers do not
even have web pages, a good starting point in this web-savvy industry. Consolidated marketing
would combine the resources of several producers - within the same product category or not -
and develop professional quality market research and advertising programs. They could also
bundle their products into simple categories for purchase by novice homeowners or home
builders. This service would help the industry grow beyond its current boundaries and provide

even greater growth opportunities to members of the consolidated group.

C. Developers / Builders

While several green builders exist, few operate on a national scale or have practical plans for national

growth. Two developers, however, have a model which can be replicated.

GreenVillage: GreenVillage manufactured homes is a prefabricated modular home producer
based in Cambridge, MA. While only a business plan, this idea builds on the experience of two
local prefabricated builders and adds several green elements to the design. What makes this so
attractive is that not only does GreenVillage take advantage of trends pointing toward an
increased acceptance and use of premanufactured homes and components, but it also solves
several barriers to green building. For example, a housing factory has consistent employment -
making training feasible and relatively inexpensive and resolving important issue in installing
alternative green building products. Secondly, the factory also provides closed conditions and a
high level of quality control conducive to high tech building components. Finally, the factory can
be replicated to similar markets, growing with the spread of Green Builder programs.

Commercial Green Developers: Durst Organization and EcoSmart Healthy Properties have

positioned themselves as top developers in high-end green office construction and renovation.
The market in key cities is significant and gives these companies a differentiating factor
compared to their traditional counterparts. Expansion into large institutional work is

recommended.
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Section 8: Summary

Both products and services will be important investment opportunities as building green develops
beyond initial niche markets. In addition to the qualities of successful new products identified in
Section 6 of this chapter, successful services will improve consumer awareness, develop product and
industry credibility, and communicate information to a wide range of building professionals. Needs
for information and marketing are strong across all markets, but particularly important in the

residential sector.
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CHAPTER 6: PRIORITIZING INVESTMENT OPPORTUNITIES

Section 1: Review of Screening Tools

As described in the introduction to this paper, the wide range of investment ideas presented in
Chapter 5 is sorted and targeted toward specific types of investors. Two sets of screens are used to
identify which products and services are the best opportunities for shorter and longer term prospects.

Figure 28 is repeated as a refresher.
Figure 28: Screens for Investment Opportunities
Mature

Market Maturity

Growth Emerging - “Easy Wins”

\ o Emerging - “Long Range”

Potential - Visionary

All Investment
Opportunities

Where available, market information - including industry structure, barriers to entry, technology
development - was presented in the description of each product or service. This data is used first to

screen investment ideas by the maturity of the market, using the screens shown in Figure 29.

Figure 29: Overall Ranking of Investment Opportunities

Mature Opportunities Emerging Opportunities Potential Opportunities

® Few additional technology e New technology ® New technology development
changes in current industry. developments expected, but expected, but still in R&D

® Consolidated industry with fairly well understood. ® Totally fragmented industry
high barriers to entry. ® Fragmented industry, e Room for market entry

. ibly in the process of

® Not a major focus for PSS e P e Commercial market development

outside investors. consolidating. P

beyond five years
® Room for market entry 4 Y

. ® No market leadership
o Commercial market

development within five years| |® Current market barriers to growth
- cost, code, technologies
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Section 2: Results of the Market Maturity Screen

While the division is not exact, a rough segmentation is provided using the results from Chapter 5.

This screening produces three segments - mature, emerging, and potential market opportunities.

A. Mature Investment Opportunities:

As discussed in earlier sections, a few green issues face fairly mature markets. Early regulations for energy
efficiency have motivated product development for years - to the point of diminishing returns on some
products. Similarly, water conservation has been directly regulated for a decade with specific product

requirements focusing and limiting innovation.

Nevertheless, continued investment by the market leaders is still relevant. As large companies compete against
each other, these limited opportunities can be incorporated into larger marketing programs - providing
opportunities for differentiation. Likewise, the importance of energy efficiency to the nation and the
environment has not diminished; the continuation of environmental problems leaves open the possibility for
increasing energy prices or water rates. Mature opportunities are summarized by green issue or service in
Figure 30.

Figure 30: Mature Investment Opportunities

Energy Conservation ¢ Low-E Windows
* Mineral Insulation
» Energy Efficient Appliances
e Energy Efficient Lighting

Water Conservation o Low Flow Toilets
o Low Flow Showerheads and Faucets

Indoor Air Quality ® Operable Windows
¢ Standard HVAC systems
¢ No-VOC Paint
o Air Filters

Material Conservation ¢ Renovation of existing buildings
e Recycled furniture
e Recycled paint
¢ Reused copper and steel building components

Services o Architectural Design Services
o Custom Green Builders
¢ Environmental / Health Consultants
® Green Building Newsletter
e Architect-oriented books on Green Building
¢ Environmental specialty distributors
o Internet Services
e Rating Programs
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B. Emerging Opportunities

Emerging opportunities (Figure 31) are the most numerous and practical for most investors. They include
niche products such as transpired collectors as well as the potentially large markets for GreenVillage
premanufactured homes. Because of this breadth, emerging opportunities will be further segmented in

Section 3.

Figure 31: Emerging Investment Opportunities

Energy Conservation e Wall Systems / Panels
o Cellulose and Foam Insulation
¢ Hot Water Heating Technologies
o Transpired Collectors

Water Conservation NA

Indoor Air Quality ¢ No-VOC Adhesives
o Air Quality Sensors
¢ Improved Residential Ventilation Systems
o Home Improvement Solutions
o HealthyHomes
e Raised Flooring Systems
o Office Furniture and Partitions
¢ Improved Commercial Ventilation

|

| Material Conservation o Sustainably harvested lumber
¢ Engineered lumber
o Composite Siding
¢ Recycled material composite siding
¢ Recycled carpet
e Recycled material interior panels
e Plastic Lumber

Services e “Green Sweets”
e Marketing Program for Home Builders
e Green Distribution through traditional home centers
¢ Consolidated Marketing for Small Producers
» GreenVillage
¢ Commercial Green Development
e Computer building design and environmental assessment programs
o Green Realtor
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C. Petiential Opportunities

Potential opportunities (shown in Figure 32) are long term investments. Because of the market-oriented focus
of this thesis, the list is shorter than exists in the labs of today’s universities and larger companies. The
prodects mentioned here are commercially available and have been used in many of the example projects of
Chagter 4. Because of higher initial costs, however, true mass appeal is more than five years off. If new

techmology advances lower costs, greater potential for growth exists.

In the mean time, potential opportunities may be better investments for individuals and organizations with

very long horizons and a dedication to the issue.

Figure 32: Potential Investment Opportunities

Enengy Conservation ¢ Grid-connected, building-integrated photovoltaics
¢ Geothermal energy
e Wind energy

Water Conservation ¢ Gray water systems

¢ Alternative septic systems

Indoor Air Quality NA

Material:Reuse- ¢ Closed loop recycling programs

Section 3: Screening the Emerging Opportunities

A. Defining the metrics:

The large category of emerging technologies will be further segmented by comparing aspects of
potential market size, market entry, and barriers to growth. The category “easy wins” will
characterize the products or services that are expected to provide relatively high returns for the
investment risk. “Longer range” investments may also be sizable, but face larger barriers to growth.

Following are definitions for these metrics:

Target Market: This will identify the target market for the product or service. Specific sub-

segments will be noted, where applicable.
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Replacement or New: This metric will note whether the idea replaces an existing building
product or service or is an addition to existing components. Due to the slow pace of change
and small margins in the construction industry, replacement products are expected to be
more well received than new products. While these replacements will have to displace market
share of existing products, this should not be too difficult in a fragmented market - as long as
quality and price are in line or better than traditional products. New products will have to

focus primarily on higher margin, niche customer groups.

Equivalent Traditional Product: This identifies the most common equivalent traditional

product that would be substituted by the new green product.

Potential Market Size: This provides a rough approximation for the market size of a new
product, by assuming a ten percent market penetration into the market share of the traditional
product. For example, if engineered lumber is estimated to reach a ten percent share of the
$24 billion dimensional lumber market, this would produce a potential market size of $2.4
billion. Where no equivalent product exists, alternative calculations for potential market share

will be noted.

Price Premium: Compares the price of the new product to that of an equivalent traditional
product. Where the new product ranges from 0.8. to 1.2 times the price of the traditional,

this will be considered roughly equivalent in price and will be noted with a darkened circle:‘
Where the new item is priced 1.2 to 2 times the traditional product, this will be considered
high:O; and where they are over 2 times the traditional price, this will be very highO.
While these metrics will vary between individual products, this gives an estimate of the average

premium.

Opportunities for Outside Investors: This metric notes the ease of entry into a market
segment and includes all options from starting a new firm to acquiring a small start-up or
investing partially in a medium-sized firm. Good opportunities will be noted with a darkened

circle, while lower opportunities with a light circle.

Fit with Current Construction Practices: This notes how well the existing product works
into the traditional construction system. If the product can be installed exactly the same way
as the traditional product, without impacting the schedule or access of other trades, this is
considered highly compatible. Again, good fit will be noted with a darkened circle and poor

fit with a light circle.

Barriers to Growth: Additional barriers are noted when strong competitors, technology
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development, building codes, and other market hurdles are expected to hinder new product

entry and growth.

B. Energy Efficiency

Emerging opportunities in energy efficiency are shown in Figure 33.

Figure 33: Market analysis for Energy Conservation

Metrics Wall Systems / Cellulose and Hot Water Transpired

Panels Foam Insulation ; Heating Collectors
Technologies

Market Served New Residential All markets All Markets Industrial

Construction Buildings and
Gymnasiums

Replacement of Replacement Replacement Both New

New

Equivalent 2 x 4 construction Fiberglass Batt Boilers No equivalent,

Traditional Product Insulation except standard

seu res edres metal Wal]
Potential Market $ 4 bil. $200 million $100 million small

Size (10 % of
traditional)

Price Premium

Opportunities for
Qutside Investors

Fit with Current
Construction
Practices

O

Barriers to Growth

» Transportation
¢ Coordination with

trades use by with existing
homeowners pre-engineered
» Formidable metal building
competitors system

e Special equipment
and licenses limits

e Wall systems are
not integrated

In this category, only new hot water heating technologies are considered a top investment priority.

The savings in operating costs are only a portion of the benefit. In addition, shorter waits for hot

water and quicker replenishment make water recirculating and other hot water heating technologies

strong products for convenience and comfort. ~All other products are considered longer term, mostly

because energy efficiency is a hard market to enter and these products, while desirable, have high
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barriers for the outside investor. Several factors would have to change to make these “Easy Wins”.

For one, energy prices would need to rise. Secondly, typical construction practices would have to

accommodate the new products.

C. Indoor Air Quality

Market analysis for products and services that improve indoor air quality are shown in Figures 34 and

35.

Figure 34: Market Analysis for Indoor Air Quality - Part I

Metrics No-VOC Air Quality Improved Home
Adhesives Monitors Residential Improvement

Ventilation Solutions
Systems

Target market All markets All markets Residential Residential

ml'ieplacemem or Replacement Both .ﬁgl.).lacemem Replacement

New

Equivalent Regular Adhesives i Traditional Fans, HVAC Paint, Carpet,

Traditional Product thermostats Linens, Fans

Potential Market

$150 million

$250 million

approx. $1 billion

approx. $100

Johnson Controls

Size (10 % of million
traditional)
Price Premium . O O .
Opportunities for
Outside Investors ‘ O O ‘
Fit with Current
Construction ‘ ‘ O .
Prac{lces .................
Barriers to Growth - o Technology e Technology ¢ Packaging
Development Development » Potential
¢ Major Competitors: i ® Strong competition from
GE, Honeywell, Competitors other retailers
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Figure 35: Market Analysis for Indoor Air Quality - Part 1I

Metrics HealthyHomes Raised Flooring i Office Improved
Systems Furniture and Commercial
Partitions Ventilation
Target Market Residential new Office, Hospitals - Offices Offices. Schools,
construction New and Major Hospitals,
renovations
Replacement or Replacement New Replacement Replacement
New
Equivalent Traditional Homes i Substitutes for Furniture Traditional HVAC
| Traditional Product dropped ceiling and
HVAC ducting

Potential Market
Size

$20 billion

$20 million

$800 million

approx. $1 billion

Price Premium

Opportunities for
Outside Investors

O

Fit with Current

O

o
O

Construction

Practices

Barriers to Growth | e Strong e ¢ Technology
competition in o Strong Competitors
homebuilding

As already noted, indoor air quality is a top market with several high potential products. These

include no-VOC adhesives, raised flooring systems and office furniture. HealthyHomes can be

incorporated with the GreenVillage option and will be considered a strong opportunity. Air quality

monitors and improved ventilation systems are longer term opportunities, due to expected price

premiums, strong competitors, and technology development requirements.

D. Material Conservation and Reuse

Market analysis of investment opportunities in material conservation and reuse are summarized in

Figures 36 and 37.




Figure 36: Market Analysis for Material Conservation - Part I

Metrics Sustainably Recycled Recycled Plastic Lumber
Harvested Carpet Material Interior
Lumber Panels
Market Served Residential, Office Residential, Residential, Residential
Commercial, Commercial,
Institutional Institutional
Replacement or Replacement Replacement Replacement Replacement
New
Equivalent Traditional Lumber  Traditional Carpet ;i Gypsum Drywall Exterior Grade
Traditional Product Lumber

Potential Market
Size (10 % of
traditional)

$2.4 billion

$500 million

$250 million

$200 million

Price Premium

Opportunities for
Outside Investors

O

Fit with Current

Construction

Practices i

Barriers to Growth | e Limited supply of i e Patented —— e
managed forests technology
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Figure 37: Market Analysis for Material Conservation - Part II

Metrics Engineered Lumber | Composite Siding
Market Served Residential Residential
Replacement Replacement

Replacement or New

Equivalent Traditional
Product

Traditional Lumber

Traditional wood or
vinyl siding

Potential Market Size $2.4 billion $150 million

(1@ % of traditional)

Price Premium

Opportunities for
- Outside Investors

O

Fit with Current
Construction Practices

Barriers to Growth o Large companies
already dominate

market

Material conservation and reuse is such a new issue that there remain several good, yet untapped,
product and service opportunities. All ideas have good growth opportunities, but some are more
accessible to the outside investor than others. Recycled material interior panels, plastic lumber, and
recycled material composite siding are the best choices. The limited supply and good growth
potential makes sustainably harvested lumber also a good option. Recycled carpet and engineered

lumber are more difficult to enter because of technology barriers and strong competition.

E. Green Building Services

Market opportunities for the wide range of green building services is shown in Figures 38 and 39.
Because many of these services have no equivalent in traditional construction, approximate market

sizes are shown based on target customers, housing starts or other metrics.
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Figure 38: Market Analysis for Services - Part I

Metrics “Green Marketing Consolidated ; Green
Sweets” Program for Marketing Realtor
Homebuilders i for Small
Producers
Target Market All markets Residential All markets Residential
Replacement or New Both New New Replacement

Equivalent Traditional
Product

Sweets Catalog

Traditional real

Potential Market Size

$2 million’

$2 million®

$20 million’

$1 billion

Price Premium

Opportunities for
Outside Investors

Fit with Current
Construction Practices

Barriers to Growth

» Will always be
only a
supplement to
Sweet’s

¢ Publishing of
similar, lower
priced products
by non-profits

e Cost barriers to
low-margin
builders

' 10% of all building professionals * $70 per book.
? 10% of housing starts by the top 8 non-prefab homebuilders * $200 / house.
’ 1% of all building material industry * 1% of revenues = 200 billion (.01) * (.01)
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Figure 39: Market analysis for Services - Part II

Metrics Distribution Computer Commercial { Green Village
Through Design Green
Traditional Program Building
Home Centers Development
Target Market Residential All markets Commercial and ; Residential
Institutional
Replacement of New New Replacement Replacement Replacement
Equivalent Traditional | --—---- Traditional CAD Traditional Traditional
Product development Homes
Potential Market Size $14 billion* $10 million $ 8 billion $ 20 billion
(10 % of traditional)
Price Premium . . .
Opportunities for
Outside Investors O O '
Fit with Current
Construction Practices . _____ . ‘
Barriers to Growth e Competition from §{ ----  Difficult to o Competitive
existing home enter Homebuilding
centers industry

A high demand for services in the green building market makes many of these ideas good investment
opportunities. Most of the easiest options, however, have small estimated markets - including the
Green Sweets, the computer program, and the marketing programs for homebuilders and small
producers. Distribution through traditional home centers is a good channel development
opportunity for existing market leader, but more difficult for outside investors. Similarly,
commercial green building development is most accessible for current large general contractors.

Green Village and Green Realtor, finally, are accessible opportunities with large potential markets.

Section 5: Summary

In the end, the two screens produce a continuous range of product and service opportunities which
will suit a broad spectrum of investors. The best options for the outside investor with a relatively

short investment horizon are shown in Figure 40.

* 10% of retail building product revenues.
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Figure 40: Emerging Easy Wins

Energy Efficiency ¢ Hot Water Heating

Indoor Air Quality ® No-VOC Adhesives
¢ Raised Flooring Systems

o Office Furniture and Partitions

Material Conservation e Sustainably Harvested Lumber
¢ Recycled Material Composite Siding

e Plastic Lumber

Services ¢ Green Sweets
» Marketing Program for homebuilders
» Marketing Program for small producers
o Computer Design Program
¢ GreenVillage

o Green Realtor
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CHAPTER 7: CONCLUSION

Section 1: Summary of Findings

In summary, this thesis has demonstrated that building green is important for the future - of the
environment, the construction industry, and the larger community. Moreover, green building is a

sustainable trend with elements that are not only attractive, but accessible, to many parties.

As an investment focus, opportunities exist in the latent demand for green building products and
services, especially in the U.S. markets of residential, owner occupied commercial, and institutional
construction. While complicated decision making, inadequate information and inefficient
distribution currently limit the size and profitability of this market, several possibilities exist for
growth. Within this context, this thesis has focused on identifying the importance of this issue for the
environment, highlighting major drivers in the market, and screening high growth investment

opportunities

Green building has been segmented into four main concerns - energy efficiency, water conservation,
material reuse and conservation, and indoor air quality. Market perceptions and practices indicate
that indoor air quality shows the best growth potential for investments. Energy efficiency and
material reuse are strong in particular markets, while water conservation receives little attention.
Finally, products and services which address a number of these issues in a more holistic manner are

very strong investment opportunities - with a wide range of potential market sizes.

Section 2: Recommendations for Further Research

As stated in the introduction, this thesis was intended as an initial business analysis of the growing
green building market. Opportunities for further research are broad and include needs for additional

detail on specific products or markets as well as research on overcoming larger industry barriers.

Research on the products and services introduced in this thesis could yield more detailed market
analysis, specific business plans or additional design innovation. For example, additional research on
the development of Green Builder programs for the residential market could provide marketing
insight for the NAHB, local Home Building Associations, and individual home builders. More
specifically, the marketing of coordinated Healthy Home products for the do-it-yourself market

could be the topic of a business plan for those interested in consumer products and the presentation
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of green building to the mass market. Additional work is needed in designing prototypes for green
buildings in all construction sectors as well as in developing improved ventilation systems, computer
analysis tools, and renewable energy technologies. Finally, research on construction segments
excluded from this study - such as the federal building market or public schools - could yield

important market data on niche opportunities.

Ideas in the development and marketing of new green building products may still be hindered by
barriers to change in the larger construction industry. Because of this, continued research on the
impacts of industry structure, financing, and public policy is encouraged. For example, the growing
market share of large builders, the consolidation of home centers, and the increasing use of
premanufactured components will largely impact the incorporation of green building products in
residential construction. Likewise, attempts to foster multi-disciplinary design teams will greatly

influence the construction of “smart buildings” and sﬁpponing integrated building systems.

The combination of long building lives and significant investment needs limits the willingness of
building owners and contractors to experiment with new technologies. While new systems may
reduce operations costs over time, decision makers generally concentrate on the significant initial
investment. To avoid high discount rates at the margin and encourage smart long term investments,
new approaches to financial structures should be explored. This may involve longer contracts,
performance guarantees, or leasing arrangements. Finally, continued examination of public policy
would be meaningful in assessing subsidies, tax abatements, loan guarantees, and other incentives for

green building.
In conclusion, green building faces both great opportunity and significant barriers in the future.

While certain markets and products appear to be most relevant in the near term, more detailed

research is needed to develop and prioritize marketing strategies and technological innovation.
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Appendix B: National Association of Home Builders 1996 Survey Results

Includes the Environmental Survey of Consumers and the Builder Survey of Environmental
Issues 1996 - both sponsored by the NAHB Economics Department
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Environmental Issues Survey of

Consumers

(Based on 645 respondents)

E y ’
f GEONAHB
1 Economics Department

National Association of Home Builders
Washington, D.C. 20005

118



ENVIRONMENTAL ISSUES SURVEY OF
CONSUMERS

When you bought your last home did environmental [ssues influence your purchasa dacision? (X ONE Bbx)
1+ (J Greatly 1 (J Somewnat 3(J Netatall « 7 Not appticante

It you buy & homa In the future, how much will environmaental issuss nfluencs your purchase decision? (X ONE
Bex) '

+ (J Greatly t (J Somewhat s Netatail

Hew oftan do you do each of the following? (X ONE Box For EACH) ones |

‘ nes in

Mever AYhile Sometimes  Alwamys

Take publiic transportation to work 1 1 +J «J0
Share ride/car poot to work 10 10 10 m|
Orive to work aione m| 1dJ0 s(J |
Recycle wasta 1d m| 1 «{d
Conssrve home energy use m| 1d 1 «d
Conserve water 13 g :d «Qd
Patronize companies with good environmental records . 1 [ 10 Tm| Im|
Usa environmaentalily friendly procducts ] 1J 1dJ 3
Voluntser or wark for environmental group 13 Im| 1J 3
Other (Specity): : 'Q 1m| 3 «d
Oid you check the environmental record of the duiider befcre you bought your last home?

1 (J Yes 1O No

Would you check the environmental record of a builder before buying your next home?
1 J Yes - (Continue) 1 {0 No-(Skip ToQu. 5)
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What methods wouid you use to check the environmental record of a builder? (X ALL That Apply) T

+ J Environmental organization

1 ] Friendas

1 J Newspaperjoumais

« (J Markst research

s (J Marketing materials supptied by the builder

¢+ J Locai Home Builders Asscciation

[ Cther (Specily):

Consider the following hypothstical choice. Your income is high enough to purchase a $150,000 home. You have
two options: buying & $150,000 townhousa in an urban sating close 10 putiic transportation, work and shopping.

Or, you couid purchase a larger, singis-amsdy home in an outlying arsa, with longer commutas 10 work but with
more open space. "X the home you wouid a to buy.

+ {J $150.000 townhouss in the city
2 {J $150,000 singie-farmuly home in outlying suburtan area
if you were buying a home, would you purchase & home quide expisinin ronmental '
\? (X ONE Box) you q xp g enwi products and building
1 0 Yes — (Continus)

N _____I
:SN:tsun —~(SkpTedu.7)

How much wouid you be willing to pay? (X ONE Box)
' (J Lass than $15
17 $15t0 825
1 (J Mere than $25

120



Piease raie the imporancs of INe folowing is3ues. (earures and SrocucY amenites wnen yOu Duy 3 new NATNe ] o
(X ONE :

haccmunét;.)tsmgamwmn ﬁ'mﬁmummmnrm'rmm‘mw.

Box For €A

Energy etficiency of home

Indoor air quallty
Prics
Design and layout of house

Location
Preservation of existing trees

Preservation of existing wegdands

Adequacy of rcacs

Preservation of animal species and plant species which
are endangered

New landscaping

Qpen spaca

Proximrty to public transportaton

and
J‘:igmg walking pathsstrais

-Schoot district

Proximity to shopping

Recreational faciiities

Satety
Other (Specdy):

Pleasa rate the importance of the following products and amenities when you buy a new home in a community.
Net At All

(X ONE Box For EACH)

Building products manufactured spectically for chemicaily

Not At All
Important

. e ea s ea se cs e

OO0 ooorrm

1
1
1
1
1
]
1
1
1
1
1

sensitive ingividuals, |.9.. respiratory/ailengy prodiems ..

Solar heating

Buift-in recyciing comainers

Stesi framing

Wood framung
incressed energy efficient appiiancas

Water conserving plumping

Radon resistant construction techniques

Watsr conserving landscaping

Water filtering systam

Other (S )
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10

Pleasa indicate how willing you are to pay for each of the following products and amenities when you buy a new
horme in a community. (XONEBoxF« CH)
Net At All Very Not

Willing Willing Sure

Building products manuiactured specificaily for chermically
senstive individuals, i.e., respiratoryrallergy protiems
Soiar heating
Buit-in ncycing containers 1
Steel framing 1
Wood framing '
Increasad energy efficient apptiances '
Water consemving plumbing '
1

1

1

\

Radon resistant consguction techniques

0 W e 8B e e
- 5 & & s > s s>

OO
é--‘-. - ek s . e
. OOCCrOCOeen

Other (Specily): a 0

Shouid the govemment otfer tax incentives to privats landowners when they restore/protect endangered widlile
habitat on their property? (X ONE Bax)

1 J Worth doing 1 {J Not worth doing 1 {J Not sure
Mmmwuwwmmmmnmw-smmﬂ'm
deapmw and "S” means ‘strongly approve’. (X ONE Box For EACH)

Strongly Strongty
Qisapocove Apgprove

0

Government money shouid be spent 10 save all endangered
speciss whether cave bugs or baid sagies g g g g Qg
Government money shouid be spent 10 save all encangered
SpEces gven in Cx388 whar sciantfic svidencs ndicates :
1t is not possitie t© do s0 O O 1J «d O

“ .
mvgu-dspmwm«mbugsormm._.__'g 0 3 Qg g
Bwawdmbm(muﬂyhmnm)dnddbo
required by govemment {0 pay for preservation of
mmmom'nmmmﬂh
evidencs indicates # is not possidie to do so

Govermnment shouid nct be atie to taks away private property

g Qg g 0 Q0

without compensation g g g g d
Govemment shouid limit uss of private preperty ff an
sndangered species is found on it O J 1J g C

Costs to save species shouid te shared equally by
govemmant and landowners g g g O O
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138

How woulid you rats the importance of protecting job3 and ecsnomIc Soportunities. protacting property vakes,
amorcumgm-mmnmoﬁmﬂ (X ONE Bax For EACH)

Neot At All Very
|mporant
Protecting jcbs and 6cONOMIC OPPOrTUNIties .. ——-w 1 (] T m| 13 3 m
Protectng property vaiues g :1J 1 d sJ
Protectng the enmvironment m 1J0 1J N 1d

When the govemment passas a law about endangered specias, wetands or Tee presarvation ete., 4o you think
that affected oroperty owrers shouid receive financal compensation from government because it prevents them
from using teir property? (X ONE Box)

+ 0 Definitely yes
2 T Mayve

s (T Definitely no
« {J Not sure

How wouid you rats the following govemnmennt actions using a scais of 10 5, whers “1" means “lowest priorty”
ana “S” means “highest pnonty” in terms of improving the quaiity of ile in your community? (X ONE Bex For
EACH)

Lowest Highest
Erigry Erfanty
Encouragng new jobs d 1 13 Q O
Improving the education Systam m| 1J 1 0 Im|
Reformmg the weltars systam d 10 m| «J O
Providing for national defense 1 1d Im| «d od
Protecing the environment and Wikilife .. eaeeee 1 1J 13 dJ 1O
Promoting decent and affordable housing for at
Amsncans 9 ) 1J Im| s 13
improving the future for chikiren tiving in poverty . 1 10 1J «J m|
Fighting crrme g 10 10 0 O
Providing acequats infrastructurs (L.s., roads, dams, etc.): ] 1g 13 «J 10
Managing growth 1d 1 :8 ag lg
3 [} ]

Keeping taxes low 13 10
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13b.

14.

18.

16,

Netionsi Fasmily Opinion 3 30853

Pleass rate the job being done by the government in each of the NG areas using a scale of 110 5 where
“1° means “very poor” and “S” means “exceient’. (X ONE Box For

Very

Eoor Excelient
Encouraging new jcbs Qg 10 18 3 O
improving the education system m| 10 1 3 Im]
Reformmng the welars systam 10 10 10 O s
Prowding for national defense m| Im| T | Tm|
Protacting the environment and wikdife 1 | 10 « |
Promating cscent and affordabls housing for all

Amencans im 1J 1 «J 1J

Imoroving the future for children fving inpoverty .1 (J 13 T} «d Im|
Fighting cnme 1d | 13 «d Im|
Providing adequats infrastructure (Le., roads, dams, e=.) (J ) 1d -3 O
Maraging growth 1J 1J | g |
Keeping taxss iow O T Y | «J 1O

Shouid the govemment be required 0 conduct a cost-benefit anatysis before imposing govemment reguistions

that rase the cost of housing? (X ONE Bex)
10 Yes 1 {J No 2 J Net sure

When ccsts for developmant of new infrastructure are imposed (impact fees, otc.) the buildendeveioper pays for it

and passss it on to new homs Duyers. Pleass rate your preferencs &s i wno shouid bear the cost of new
intrastructure. (X ONE Bax)

Least . Most

Ereter Brater
New home buyers | 1 g 3 Tm|
Al txxpayers g 1J I m| «d Im|

if you are purchasing a home and you are given an extra $2.000 1o spend, which of the following wouid you
choosa? (X ONE Bax)

1+ {J Upgraded or improved energy-efficient appiances and insutation

2 T Upgraged kitchen quaity

1 (T Upgraded appiances

« [T Lamger countar spacs in idtchen

s (J Centrai cooking isisng

« {J More landscaping

1 {J Built-in recyciing birs

[ Cther (Specity):
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Q1. WHEN YOU BOUGHT YOUR LAST HOME DID ENVIRONMEMTAL ISSUES INFLUENCE YOUR PURCHASE DECISION ?

(PERCENT OF RESPONDENTS)

AGE OF THE HEAD OF

CONSIDER YOURSELF

FOUR CENSUS REGIONS OWNER OR RENTER COMBINED HOUSEHOLD INCOME THE HOUSEHOLD AN
ENVIRONMENTALIST
Totel
Less }$50,000($75,000 Ltess| 35 to 55
North- [Midwest |South| West| Owner | Renter| than to to |3%100,000| than 54 years | Yes No |pon't
east $50,000[$74,999$99,999| or more| 35 | years jor more know
years
Greatly........ eeteeetiaenee. 9% ™ 8x 13% 8x 10% 2 ™ 10% 5X 16% 8x 9% 13% 7% 5% 9%
Someshat........ ceraeanenans ] 39 39 38 41 39 39 42 41 35 44 38 39 39 42 51 30 45
Not at all....coenaonaiaila. 51 54 54 46 53 51 51 51 54 51 46 53 52 45 32 65 45
Not applicable
(as & X of respondents).... 36 37 43 n 38 10 191 49 39 24 21 a9 30 20 31 34 51
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Q2.

If

YOU BUY A HOME IN THE FUTURE, HOM MUCH WILL ENVIRONMENTAL ISSUES INFLUENCE YOUR PURCHASE DECISION ?
(PERCEMT OF RESPONDENTS)

FOUR CENSUS REGIONS

OMNER OR RENTER

COMBINED HOUSEHOLD 1NCOME

AGE OF THE HEAD OF

CONSIDER YOURSELF

THE HOUSEHOLD AN
ENVIRONMENTALIST
Total
Less |$50,000|$75,000 Ltess| 35 to 55
North- |Midwest [South| West| Owner | Renter| than to to [$100,000| than 54 years | Yes No |Don't
east $50,000]374,999]/899,999] or more| 35 | years |or more know
years

Gredtly. . .ociviiicnnneecnnann 21% 17X 17 27X{ 22% 21X 21X 21% 20% 16X 29% 15% 21X 31X 40X 13X| 16X
SOMEMIBL .. eieiaaereeaaaaann 65 74 66 61 59 64 66 67 65 67 58 64 66 61 54 66 74
Mot ot Bll.......civiiennnnnnn 14 9 17 12 19 14 13 12 16 17 13 21 13 8 S 21 10
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Q3. HOW OFTEN DO YOU DO THE FOLLOWING?
(PERCENT Of RESPONDENIS) - (CONT.)

AGE OF THE HEAD OF

CONSIDER YOURSELF

FOUR CENSUS REGIONS OMNER OR RENTER COMBINED HOUSEHOLD [INCOME THE HOUSEHOLD AN
ENVIRONMENTALIST
Total
Less {$50,000({$75,000 Less| 35 to 55
North- [Midwest [South] West] Owner | Renter than to to |$100,000f than 54 years Yes No [Don't
east $50,000]374,999(399,999! or more| 35 | years [or more know
years
environmential records
NEVer....covvvevnnoncnconncans 7 3 6 " 8 6 10 7 9 5 6 1% [ 5 3 8 9
Once in a while........... oo 26 24 31 20 29 26 25 24 25 30 25 26 27 20 12 33 26
SOMELiMEB. . ..ooninennnnnn ceee- 54 62 49 54 51 53 56 55 53 54 52 54 53 56 57 54 51
Always.......... 13 n 1% 15 12 15 9 13 13 1" 17 [ 1% 19 28 5 14
. Ly fri
_Rrotucts
NeVer . coveerreneanscnnnnnnns 2 1 1 3 3 2 3 2 3 3 1 4 2 - 1 3 2
Once in a while...... 16 15 18 15 17 16 18 19 1% 9 21 19 17 10 8 23 13
SOMETIMES. ....voveieaneananans 65 n 64 62 64 65 65 64 68 n 56 65 65 86 62 65 69
AlWBYS .. .oivvnnnreneooncanonne 16 13 17 19 16 17 1% 15 15 16 22 12 16 24 29 9 16
Yolunteer or work for
environmental eroug
Never......ocun. Ceresesenenann 70 68 70 70 69 69 70 3 64 70 66 144 68 63 45 82 70
Once in awhile............... 20 23 20 18 20 20 21 17 24 18 23 7 21 22 33 13 19
Sometimes....... cesresanen [] 6 8 8 8 8 7 7 9 1" S 6 7 12 14 3 10
AMAYS. . oiveiiieiieaianen 3 3 1 3 3 3 2 3 3 - S 1 3 3 8 1 1
Other
NeVer...coooiiiieninannnns eens 51 n 50 61 29 49 55 63 56 40 29 65 46 45 30 62 55
Once in a while............... 18 21 6 [ 33 17 18 7 22 40 14 12 15 36 15 21 18
SOMEtiMeS. .. .ocvenaneacannan 15 - 3n 17 1% 15 18 19 6 10 29 6 20 18 15 10 23
Always........ ceraeieeraeanns 15 7 13 17 24 19 9 1" 17 10 29 18 20 - 40 7 5
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Q3. HOW OFTEN DO YOU DO THE FOLLOMING?
(PERCENT OF RESPONDENTS)

AGE OF THE HEAD Of

CONSIDER YOURSELF

FOUR CENSUS REGIONS OMNER OR RENTER COMBINED HOUSEHOLD INCOME THE HOUSEHOLD AN
ENVIRONMENTALIST
Total
Less |$50,000]875,000 Less| 35 to 55
North- [Miduest |South| West| Owner | Renter| than to to ($100,000f than 54 years | Yes No [Dontt
east $50,000{876,999($99,999]| or more| 35 | years |or more know
years
1ake public tronsportation to
work

NEVer. . ieiiiiiinneiaannnnens 87X 74X 87x 94xX| 89X 89x% 81X 91X 90X 84X 5X 90X 86X 86X 78x] 90X| 91X
Once in a while......... 7 1% [ 4 7 6 10 [ 6 9 9 4 8 8 1" 6 5
SOMELIMES. ..o vtnieennancannnn 3 b 4 2 2 3 4 2 2 2 8 3 3 2 S 2 2
ALMBYS .o evvienninecnnenennnan 3 8 3 1 3 2 S 1 2 5 7 2 3 4 6 2 2
share ridc/car pool to work
Hever...... freeereeteseaeneans 67 68 73 67 61 68 64 66 68 68 68 63 66 76 61 72 64
Once in awhile............... 20 19 20 19 24 18 24 22 18 20 19 23 21 12 24 19 19
SOMELiMeS. ..ot Ceserane 9 8 6 11 10 10 7 8 9 8 10 10 9 8 10 6 13
ALMBYS . ceeeraninnnennnnananns 4 5 1 4 6 4 4 4 5 3 3 4 4 3 4 3 5
Drive to work alonc
NEeVer. .o ceeeennriinancnneans 12 16 1% 10 1h] 12 13 13 n 13 13 ] 12 20 8 12 17
Once in a while............... 4 9 4 3 S 5 3 4 3 6 14 4 S 2 7 4 2
SOMELIMES ... .ovonrirnnnnnnenns T 16 14 9 21 18 18 17 18 16 15 14 14 18 13 19 14 18
ALMBYS. . oviieennnannanne P 67 62 73 66 67 67 o7 66 69 67 66 74 66 65 66 70 63
Recycle waste
NeVer. .. convennennnnnnsannnna 4 8 b 4 3 6 b 6 1 4 S 4 3 2 5 5
Once in a while............... 10 3 14 15 4 9 12 15 8 5 5 13 9 7 5 1" 12
Sometimes. ............ e 33 19 34 39 35 31 37 35 31 36 25 38 31 30 25 39 27
AlMAYS . . iiiiiiiniinennnenanns 54 78 44 42 56 57 46 45 5S 58 67 44 55 60 68 45 57
Conscryc home energy use
NeVer. .ooveiiiiniacaeannnnes 1 2 1 1 - 1 2 1 1 1 2 : 2 - ] 2 .
Once in a while............... S 2 12 4 5 4 9 S 6 4 I 9 5 2 3 6 8
SOMET IMES. . .nernrerananannnnns “ 39 43 44 38 3] 41 39 40 48 4 55 39 33 2| 49| 43
ALMBYS e eeeeeeneeraneanannn s3 57 4 51 S7 54 48 55 53 46 50 36 54 65 3| 43| 49
Conserye water
NEVEI . oo iieeiaeiiaeannnnn 3 3 5 3 1 2 6 4 3 4 2 6 3 - 2 4 2
Once inawhile............... 9 7 16 é 8 7 14 10 1" 6 7 14 9 4 6 10 1"
SOMELIMES . ..o ieennenennnns o7 9 47 | 42 48 4 4 42 52 1 46 48 43 30 sS4 S0
ALMBYS .. oieee et 3] 40 32 2| 49 4 36 42 44 40 36 33 | 4 53 63 | 32| 37
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Q4LA. DID YOU CHECK THE ENVIRONMENTAL RECORD OF THE BUILDER BEFORE YOU BOUGHT YOUR LAST HOME?
(PERCENT OF RESPONDENTS)

OMNER AGE OF THE HEAD OF [CONSIDER YOURSELF
FOUR CENSUS REGIONS OR COMB INED HOUSEHOLD 1NCOME THE HOUSEHOLD AN
RENTER ENVIRONMENTALIST
Total
Less |$50,000|%75,000 Less| 35 to 55
North- [Midwest {South{ West] Owner than to to |$100,000] than 54 years | Yes No {Don‘t
east $50,000($74,999(%99,999| or more| 35 | years |or more know
years
V@S . ioencnsacenanncsnns 133 4% 4% 3x 6X [} 3 2X 5% 5% 6% 3% 3x 11X 6X% 2% 6%
...................... 96 96 96 97 94 26 98 95 95 94 97 97 89 94 98 94
Respondents.....ccoeeenn 577 115 131 183} 141 435 214 161 91 104] 103 372 951 158| 285( 129
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Q4B. WOULD YOU CHECK THE ENVIRONMENTAL RECORD OF A BUILDER BEFORE BUYING YOUR NEXT HOME?
(PERCENT OF RESPONDENTS)

AGE OF THE HEAD OF |CONSIDER YOURSELF
FOUR CENSUS REGIONS OUNER OR RENTER COMBINED HOUSEHOLD INCOME THE HOUSEHOLD AN
ENVIRONMENTAL IST
Total
Less {$50,000{$75,000 Less{ 35 to 55
North- [Midwest [South| West| Owner | Renter|{ than to to {$100,000{ than 5S4 years | Yes No {Don‘t
east $50,000($74,999(399,999| or more{ 35 | years |or more know
years

YeS....ouvnnn Ceeretecnae. ceee- 39% 43% 32X 43%) 37% 36% 46X 1754 37X 31X 39X 35% 38X 52% 60x| 29x]| 38X

No...... O ) 57 68 57 63 64 5S4 56 63 69 61 65 62 48 40 n 63
Respondents. ....... ceeearnen .. 628 128 163 199]| 150 431 189 241 179 93 107] 124 397 99| 168) 311| 144
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Q4C. WHAT METHODS WOULD YOU USE TO CHECK THE ENVIRONMENTAL RECORD OF A BUILDER ?
(PERCENY OF RESPONDENTS)

AGE OF THE HEAD OF [CONSIDER YOURSELF
FOUR CENSUS REGIONS OUNER OR RENTER COMBINED HOUSEHOLD INCOME THE NOUSEHOLD AN
ENVIRONMENTALIST
Yotal
Less [$50,000{%75,000 Less] 35 to 55
North- [Midwest {South| West{ Owner | Renter than to to }$100,000{ than 54 years Yes No [Don't
east $50,000]374,999{399,999] or more}l 35 | years jor more know
years
Environmental organization.... 54X STX 60% 47TX]  S9% 56X 52% 50% 54X 62X 60% S1X 57X 50% 67X] L9X] 46X
Friends......ccovevieniannnns . L6 44 40 57 36 45 48 46 48 35 53 45 45 50 52 43 39
Newspaper/journals............ 34 33 n 40 30 37 n 33 30 43 37 30 36 32 38 32 29
Market Research............... n 26 33 36 28 33 28 32 28 30 37 21 32 40 37 25 3N
Marketing materials supplied .
by the builder....... 45 43 56 47 34 &4 46 41 5S4 35 49 28 45 58 55 41 36
Local Home Builders
Association................ 75 144 73 78 72 74 78 77 75 68 81 70 76 78 79 70 81
Other....covoveeennennnnnans .. 7 13 4 S 7 7 7 6 8 8 7 4 8 [ 7 9 5
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Q6A. IF YOU VERE BUYING A HOME, WOULD YOU PURCHASE A HOME GUIDE EXPLAINING ENVIRONMENTAL PRODUCTS AND BUILDIMG TECHNOLOGIES ?

(PERCENT OF RESPONDENTS)

FOUR CENSUS REGIONS

OUNER DR RENTER

COMBINED HOUSEHOLD INCOME

AGE OF THE MEAD OF
VYHE HOUSEHOLD

AN

CONSIDER YOURSELF

ENVIRONMENTALIST

Totat
Less [$50,000]%75,000 Ltess{ 35 to 55
North- [Midwest [South| West| Owner | Renter| than to to ($100,000f than 54 years | Yes No [Don't
east $50,000}1374,9991399,999] or more| 35 | years |or more know
years

YOS, i eteneciairisnesatnaaaan 29% nx 27X 32%| 28% 28X 31x 2TX 29% 28% 36% 28X 29% 31X L6X] 21X} 28X

No...... teeenececenaaes 24 23 3 19 27 28 16 23 21 29 29 24 24 27 16 33 15

Not sure......... Cevesesiannes 46 47 L2 49 46 43 53 50 49 (1) 35 48 46 43 38 46 57
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a7.

1 = NOT AT ALL INPORTANT AND 5 = VERY INPORTANT
(PERCENT OF RESPONDENTS)

RATE THE INPORTANCE OF THE FOLLOMING ISSUES, FEATURES ANO PRODUCTS/AMENTTIES WHEN YOU BUY A NEU HOME 1N A CONMUNITY ON A SCALE OF 1 10 5

AGE OF THE HEAD OF |CONSIDER YOURSELF
FOUR CENSUS REGIONS OUNER OR RENTER COMBINED HOUSEHOLD INCOME THE HOUSENOLD AN
ENVIRONMENTAL IST
Total
Less |$50,000]875,000 Less| 35 to 55
North- [Midwest|South| West| Ouwner | Renter| than to to |$100,000| then 54 years | Yes No [Don't
east $50,000(374,999{399,999| or more| 35 | years |or more know
years
Not at all important V..... - - 1% - 1x - 1x - - - 2X X - 1} 3 wl -
3 1} 9 2% - 1X 1 - 1 - - 2X 1 - 1} 3 - 1 1x] -
B tetseseenasaasonan H 5 4 6 b) X [ 6x 3x 5 6 9 H 1 1 [.) 3x
4oen.. feeasessnrsataeneannnaes 1% 17 18 8 15 13 \7 13 11} 13 16 22 13 8 8 18 12
Very important 5........ ceeeen 80 7 7 86 78 82 76 81 a3 80 4] 69 81 90 89 4] 85
Average rating................ 4.73 4.72 4.70] 4.82] 4.77 4.69 4.7 4.80 4. N 4.61 4.6V} 4.74 (.86 4.83) 4.84] 4.63] 4.82
Not at all important 1........ - X X x| - 1X - - 1% - X - - 1} 4 - x| -
r hrnceesvesaraacsanas 1} 3 1 1 1 3 1 1X X 2 X 1 1X X 1 1% 2 1%
. 8 8 4 9 10 8 7 7 [ 1" 9 11 9 2 S 1" -4
[ SN teetesscacesna s 20 23 24 15 19 17 25 21 20 16 20 24 19 15 7 23 17
Very important 5......... n 67 69 75 68 12 67 70 72 n 69 64 70 81 77 63 79
Average rating...........--... 4.6 4.54 4.56) 4.65] 4.52 4.55 4.58 4.57 4.63 4.54 4.55] 4.5 4.55 4.T4] 4.70) 4.45] 4.77
Not at all important V1........ . - 123 1% - - - - - 2X - - 2% x| -
O - % - - - - - - - 2% - - - - 1 - -
S e X 7 2 % 6 (Y3 3x 3% 3% 2 8 3x 4X 3 S 73 1x
[ eeebeccienreea s 13 17 12 12 " % n 10 1% 15 15 15 " 16 12 12 %
Very important 5.............. a3 16 86 a7 a3 82 86 a7 83 81 75 82 85 19 82 a3 a5
Average rating........cocoeenn 4.79 4. 4.85] 4.86) 4.78 4.78 4.83 4.84 4.80 4.75 4.61] 4.79 4.8 L.70) 4.75] 4.78] .84
Mot at all important 1........ - - - - - - - - - - - - . R .
-3 1% " - - - - - - 1% 1% - - 1x - 1% .
S X 6 1 - 1% 2x 3% 2% 2% 2 2 2% 2% - x| 2 2%
G ettt et e 19 25 2 16x) 17 16 26 23 19 16 13 3 17 n w )| 8] 22
Very inportant S......c.c..... 79 68 78 8¢ | 82 82 14 75 79 81 85 67 80 88 83 9| 7
Average Fating.......c..e.ocun- «.77) <60 4.79] 4.84] 481 4.80] 4.68] 4&.73] 477} .77 4.85] 4.65] 4.74] 4.88| 4.82| 4.75] «.7¢
Not at all important 1........ 1% - - 1X - 1% - .
2PN . - . - - - . R - . B
L 2% 2% 1 | 3 2% 3x 2% 2 2% 2 . b2 3 2 x| -
bt 16 21 % 15 16 16 7 20 " 18 16 26x| e 10 B | 2
Very important 5.............. 82 76 84 83 82 82 80 79 87 80 81 76 82 86 as 82 78
Average Fating................ 4.80 4.70 4.80] 4.81| 4.8} 4.80 4.7 4.81 4.85 4.78 4.76] 4.76 4 .80 4. 80] 4.83) 4.79) 4.78
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Q7. RATE THE IMPORTANCE OF THE FOLLOMING ISSUES, FEATURES AND PRODUCTS/AMENITIES WHEN YOU BUY A NEW HOME 18 A COMMUNITY ON A SCALE OF 1 10 5
1 = NOT AT ALL IMPORTANT AND 5 = VERY IWPORTANT
(PERCENT OF RESPONDENTS) - (CONY.)

FOUR CENSUS REGIONS

OUNER OR RENTER

COMBINED HOUSEHOLD INCOME

AGE OF THE HEAD OF
THE HOUSEHOLO

CONSIDER YOURSELF

AN

ENVIRONMENTAL IST

Total
Less |$50,000{%75,000 Less| 35 to 55
North- [Hiduest |South] West| Owner | Renter| than to to |$100,000| than 54 years | Yes No |[Don‘t
east $50,000($74,999|%399,999| or more| 35 | years jor more know
years
Not at all important 1........ 2X % 3% 1% 5X 2% 2% 2% 1} 3 1% (Y3 4% 2% 1% 1} 3 (%3
2ttt e 3 5 4 2 5 3 5 4 3 4 3 é 3 1 1 b 2%
. 16 21 % 13 18 14 20 18 17 16 8 21 16 9 6 22 14
bttt .. 32 3N 32 33 32 32 34 34 29 39 28 33 34 25 30 34 32
Very important S.............. &7 43 46 53 42 50 39 42 50 39 58 36 45 65 62 35 52
Average rating................ 4.19 .13 411 461 407 4.28 4.03 4.10 4.24 4.08 4.36] 3.1 4.7 4.55] 4.51] 3.91] 4.34
setiands ,
Not at atl important 1........ 6X 3x 9xX 5% 9X Iz 3 6X e 3 6% 5% 8x 10X X 2% 3% 1% 1%
S 9 n 7 8 1" 7 13 8 10 13 6 10 10 5 2 14 b
. 19 16 22 15 25 19 20 22 19 18 17 23 19 16 10 24 20
beviiiinnnnn et 28 31 23 33 21 27 29 30 26 28 25 30 27 26 27 26 33
Very important S.............. 38 1) 39 18 34 40 32 33 39 36 [YA 28 37 51 57 25 41
Average rating................ 3.83 3.87 3.76] 3.88| 3.60 3.68 3.74 3.82 3.82 3.77 3.91 3.50 3.77 4.19] 4.30| 3.48} 4.08
Not at all important 1........ 1% 1% 1% 1% X 1% 1X - 1X - 2X 2% - 2% 1% 1% 1%
228 P - - - 1 - - - - 1 X - - - - 1 - 1
s et 1" 14 12 10 12 1" 12 11X 10 14 13 15 12X 4 9 13 u
Qi e i 37 41 39 32 37 35 40 40 33 36 35 42 37 28 37 37 35
Very important S.............. 51 45 49 57 50 53 46 48 55 48 S1 41 50 66 53 49 51
Average rating................ 4.37 4.32 4.38] 4.46] 4.35 4.39 4.27 4.33 4.40 4.28 4.36) 4.20 4.34 4.56] 4.43] 4.33] 4. 01
breservation of animal spccics hicl
endanaered

Not at all important 1........ 5% 5% 4% S% % 5X 6% X 5% 3x 10% 5X S5X 6X 2x 8x 3%
2 it e 9 1n 10 6 n 9 8 8 9 13 8 7 10 8 2 15 3
2 20 19 19 17 24 19 22 22 18 18 19 25 20 14 1 26 18
e e 31 36 3 33| 23 30 3 32 30 38 23 34 30 32 29| 29| 35
Very important S.............. 35 29 36 39 36 38 30 34 39 29 39 29 36 39 56 21 41
Average fating................ 3.82 1.3 3.85] 3.95| 3.73 3.90 3.74 3.84 3.92 3.80 3.61 3.75 3.85 3.87) 4.29| 3.37| .08
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Q7. RATE THE IMPORTANCE OF THE FOLLOWING ISSUES, FEATURES AND PRODUCTS/AMENITIES WHEN YOU BUY A NEW HOME IN A COMMUNITY ON A SCALE OF 1 TO 5
1 = MOT AT ALL IMPORTANT AND 5 = VERV IMPORVANT
(PERCENT OF RESPONDENTS) - (CONI.)

AGE OF THE HEAD OF

CONSIDER YOURSELF

FOUR CENSUS REGIONS OMNER OR RENTER COMBINED HOUSEHOLD INCOME THE HOUSEHOLD AN
ENVIRONMENTALIEST
Total
Less |$50,000}375,000 Less| 35 to 55
North- [Midwest |South| West| Owner | Renter} than to to {$100,000| than 54 years | Ves No [Don't
east $50,0001874,999{399,999| or more| 35 | years |or more know
years
Mew landscaping
Not at all important 1........ 5% by 3 5% 3x 23 4X 5% 3X LX (23 8x % 3 6% I3 5% 3%
2 i ittt reneaaaeaaas 10 n 10 10 9 9 12 12 n 8 6 15 10 4 8 10 1"
S 29 n 29 28 31 29 n 30 28 35 25 30 30 25 24 32 30
L2 33 37 31 30 33 32 34 32 32 34 33 32 34 28 3 35 30
Very important 5.............. 24 18 24 29 21 26 19 23 25 19 27 15 23 36 30 19 27
Average rating................ 3.64 3.58 3.56] 3.72] 3.5% 3.67 3.53 3.60 3.43 3.56 3.621°3.30 3.64 3.81] 3.69] 3.56} 3.70
Not at all important V........ 2% 2% 1X &X| - 2X 1X - 2% 17 3 5% 2X 2X 2% 2% 2% 2%
2 et iiieiaieiaeaa 4 6 2 5 3x 3 [ 6% 2 3 4 b 4 1 4 4 5
B 2 ereeeeee 19 19 20 17 21 19 20 20 20 23 15 22 19 16 16 21 19
b fereteeeeaaenn 36 39 38 35 36 36 38 35 39 39 35 4 36 33 32 41 33
Very important 5.............. 38 35 39 40 39 40 35 40 36 34 42 30 38 48 46 33 41
Average rating................ 4.01 4.02 4.12] 4.05] 4.08 4.09 4.00 4£.00 4.02 4.02 4£.08] 3.92 (.01 4.264] 4.16] 4.02| 4.06
Not at all important V........ 2% 2% 1% axy - 2% 1} - 2X X 5% 2% 23 2% x| ax| 2%
2 4 6 2 5 3% 3 6 6% 2 3 4 5 4 1 4 41 s
U 19 19 20 17 22 19 20 20 20 23 15 22 19 16 16 21 19
L 37 39 38 35 37 36 39 35 39 38 36 41 37 33 32 41 34
Very important S5...... e 39 35 39 40 39 40 36 40 37 34 42 30 39 48 46 33 42
Average raling................ 410 4.02] 4.12f 4.05] 4.15| 4.09] 4.09| 4.12] 4.07| 3.98 6.12] 3.92 4.10]  4.24f 4.16] 4.02] 4.15
R .
Not at all important 1........ 2% 2% 1% [%3 2% 1X 2% 1% 5% 2% 2% 2% 2% 2% 2%
7 U 4 6 2 5 3% 3 6 6% 2 3 4 5 4 1 3 4 s
S 19 19 20 7 o2 19 20 19 20 23 15 21 19 16 wl a1 19
bt 36 39 37 3| 36 36 38 34 39 38 36 40 36 32 32| 40| 33
Very important S.............. 38 35 39 39 39 39 35 39 36 34 42 29 18 47 45 33 41
Average rating................ 4.0 4.02 4.081 3.96{ 4.08 6.04 4.00 4.00 4.02 3.98 4.12| 3.80 6.01 4.15| 4.09| 3.98] 4.006
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Q7. RATE THE IMPORTANCE OF TME FOLLOMING I1SSUES, FEATURES AND PRODUCTS/AMENITIES WHEN YOU BUY A NEW HOME [N A COMMUNITY ON A SCALE OF 1 10 5

NOT AT ALL IMPORTAMI AND 5 = VERY INPORIANT

(PERCENT OF RESPOMDENTS) - (COM].)

AGE OF THE HEAD OF

CONSIDER YOURSELF

FOUR CENSUS REGIONS OUNER OR RENTER COMBINED HOUSEHOLD §NCOME THE HOUSEHOLD AN
ENVIRONMENTALIST
Total
Less [$50,000{375,000 tess| 35 to 55
North- |Miduest [South] West| Owner | Renter than to to |3100,000] than 54 years Yes No |Don't
cust $50,000]$74,999/399,999| or more| 35 | years jor more kiow
years

Mot at all important V........ 2X 2% 1x x| - 2X X 2% X 5x 2X 2X 2X 2% 2X 2%
2 e 4 6 2 S 3x 3 [ 6% 2 3 4 5 4 1 4 4 5
G 19 19 20 7 22 19 20 20 20 23 15 22 19 7 16 21 19
Y 37 40 38 35 37 36 38 35 39 39 37 40 37 34 33 (3] 3%
Very important 5.............. 39 35 39 40 | 39 40 35 40 36 34 43 30 39 S0 6 | 33| @2
Average rating................ 4.10 £.06 4.12] 4.05] 4.15 4.09 4.00 4.12 4.02 4.02 4.21] 3.98 4.10 L.41)| 4.20) 4.02} 4.15
schoot distrist
Not at all isportant V........ 22% 16X 17X 3IX| 21X 24X 7% 21x 22X 27X 21X 25X% 23x 14X 16X1 24X] 25X
2P 23 25 22 23 21 23 23 26 22 24 16 26 22 19 19 25 20
b S Cereesesaaaeeenene 28 32 29 22 31 28 28 29 25 26 32 25 29 29 28 28 27
bt i ettt 17 19 22 15 16 15 24 18 17 16 7 16 16 26 21 14 19
Very important 5.............. 10 11 10 9 n 10 10 9 1 7 14 6 n 12 15 8 9
Average rating.........co.oun. “2.70 2.93 2.86| 2.48) 2.75 2.64 2.9 2.77 2.64 2.52 2.87| 2.46 2.73 3.03] 2.97] 2.54] 2.67
Proximity to shopping
Not at all important V........ X ax 3% 3% [} 3 5% (39 2X (39 Iz 3 Iz 6x X b2 4 4 3x (.23
27 [} 8 6 8 8 7 9 14 7 8 9 10 8 2 10 é 7
b N et te i 30 n 36 25 29 29 30 34 30 22 27 n 30 26 30 29 34
LY 37 37 33 40 37 37 37 38 36 40 35 35 38 37 35 39 36
Very iaportant S.............. 21 16 23 23 22 21 21 19 23 22 22 18 20 29 21 23 18
Average Foting......o....ooon. 3.63]  3.450 3.70] 3.69| 3.65| 3.59] 3.65| 3.65] 3.67] 3.59 3.56| 3.49] 3.62| 3.80] 3.59| 3.73] 3.56
Becreatjon facilitics
Not at all important V........ 6% 23 6% 5% X X 5X 5% 23 (%3 10x 6% 6% 5X 9x 5% X
T 10 1% 10 8] 10 9 n n 9 " 9 13 10 8 8 f 12| n
L R 34 40 38 s | w7 39 39 7 36 32 30 37 39 42 37| 0] 38
L 29 26 n 3t 30 29 3 26 27 39 34 32 30 25 28 3 27
Very important S.............. 15 14 15 17 16 16 13 12 21 14 17 1" 16 20 19 13 18
Average rating................ 3.3 3.29 3.391 3.50] 3.38 5.18 3.37 5.32 3.46 3.48 3.39| 3.26 3.43 3471 3.43] 3.38] 3.41
Safety
Not at all mportant V........ 12 2% 1% 1% 1% X 1% 1% 3% - 4% 1% 1% 1%
-2 PP - 2 . - - . 1 - ) 1 1 X 1 - 1
5 PR 6 5 8 ox| 7 5 9 % 10 6 1 3 7 6 6 8 3
e 19 22 23 “wloa 20 1 18 21 19 19 26 18 7 1w ]| 20| 16
Very important S.............. 7% 69 69 81 n 74 72 6 68 73 76 69 s 73 73 | so
Average rating. ............... §.06% 4.5 L.62) &.719]) 4.61 4.66 4.62 §.73 &4.57 4.62 L.64) &4.67 L. 70 4.55] 4.62] «.60] 4./6
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Q7. RATE THE INPORTANCE OF THE FOLLOWING ISSUES, FEATURES AND PRODUCTS/AMENITIES WHEN YOU BUY A NEW HOME IN A COMMUNLTY ON A SCALE OF 1 10 5

1 = NMOT AT ALL IMPORTANT ANO 5 = VERY IMPORVANT
(PERCENT OF RESPONDEMTS) - (CONT.)

Total

FOUR CENSUS REGIONS

OWNER OR RENTER

COMBINED HOUSEHOLD INCOME

AGE OF THE HEAD OF
THE HOUSEHOLD

CONSIDER YOURSELF

AN

ENVIRONMENTALIST

Less |$50,000|$75,000 tess] 35 to 55
North- [Miduwest [South| West] Owner | Renter] than to to |$100,000| than 54 years | Yes No |[Don't
east $50,000(874,999(%99,999| or more| 35 | years lor more know
years

Other -
Not at alt important V1........ 10X 29% g 3 14x} - 6% 17x 1x - 13% 1% 3 13X 9% 13% - 10X| 20X
2 e 2 1% - - - - 6 6 - - - - 3 - - - 7
. SN 2 - - - 7x 3 - 6 - - - - 3 - - 5 -
boeeiiiiiiiieieaaeas 16 - 13 21 21 25 - 1" 10x 38 14 25 15 13 1%x{ 20 13
Very important 5.............. 70 57 80 64 n 66 78 67 90 50 n 63 n 75 86 65 60
Average rFating......cocevceeae 4.25 3.42 4.59] 4.18] 4.60 4.45 &.19 4£.20 4.90 4.15 4.25] 4.28 4.39 L. 40| 4.86) 4.21) 3.68
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QBA. RAIE THE IMPORTANCE OF THE FOLLOMING PRODUCTS AND AMENITIES WHEN YOU BUY A NEW HOME IN A COMMUNITY ON A SCALE OF V YO 57
1 = NOV AT ALL INPORTANT AND 5 = VERY IMPORVANT
(PERCENT OF RESPONDENTS)

AGE OF THE HEAD OF

CONSIDER YOURSELF

FOUR CENSUS REGJIONS OMNER OR RENTER COMBINED HOUSEHOLD INCOME THE HOUSEHOLD AN
ENVIRONMENTAL IST
Total
Less {$50,000]%75,000 Less| 35 to 55
North- [Miduest [South] West| Owner | Renter{ than to to [$100,000| than 54 years | Yes No {Don't
east $50,000]$74,999]%99,999| or more 35 | years jor more know
years
L
mmm. Ly f icall
i.c. respiratory/aiteray
problems
Not at all important 1....... 12% 10% 12% 9%l 16X 12X 10% 10% 12% 15X 13X 16X 11X 8% 8x] 15X 9%
N 14 21 10 12 13 13 16 n 13 15 21 13 16 8 1% 15 1"
- PN 25 24 30 25 19 27 20 26 23 20 26 29 23 24 18 27 26
L 23 21 23 24 23 21 27 27 21 21 19 26 21 26 27 22 21
Very important S............. 27 24 25 29 29 27 27 26 n 29 21 17 29 33 32 21 33
Average rating......ceeceeuunn 3.42 3.28 3.39] 3.49] 3.36 3.38 3.45 3.48 3.46 3.3 3.14] 3.18 3.41 3.65] 3.58] 3.19| 3.58
Not at all important 1V....... 19% 20X 21% 7% WX 20X 15 16X 20% 19% 21X 27X 17X 15% 8x| 25x| 7x
r 3 e 18 20 25 16 13 18 18 17 19 19 18 24 18 10 16 21 1%
. 29 28 27 30 30 28 32 29 29 28 30 24 30 31 21 31 35
Bt iieeitiiat et 24 23 19 27 26 24 26 26 23 25 22 19 24 32 32 18 27
Very important S............. 10 9 8 1 13 " 9 12 9 9 10 [ 1)) 12 22 5 8
Average rating................ 2.88 2.81 2.68] 3.02] 3.02 2.9 2.96 3.0 2.82 2.86 2.85] 2.53 2.94 3.16| 3.41]| 2.57| 3.98
Mot at all important V....... 17X 15% 20% 16X 19% 20% 13% 16X V7% 20X 19% 20% 7% 15% 13X]  21%] 16%
- 19 20 23 16 17 17 23 7 18 21 22 20 18 19 14 24 14
- 2 28 25 30 27 30 30 24 28 27 29 27 20 31 23 25 28 32
L 24 29 7 25 26 23 27 27 24 20 22 29 22 29 29 20 26
Very important S............. 12 n 10 16 9 1n 13 12 1% 9 10 " 12 13 19 7 13
Average Fating..........oeue.. 2.95 3.01 2.74] 3.09] 2.92 2.9 3.04 3.02 3.00 2.74 2.82% 2.9 2.94 3.03} 3.27| 2.68] 3.09
Not at all important 1....... 15% 123 4% 12%]  18% 17% 11X 13X 16% 18% 14% 146X 18% 6% 4X| 15x} 1%
2 e 1Y/ "% 28 12 18 17 18 17 19 16 16 26 15 16 17| 19| 1w
34 30 36 2| 37 34 34 35 30 36 34 n 34 37 26| 38] 33
b et 19 25 15 23 12 ¥/ 22 18 21 21 1% 16 20 17 23 16 21
Very important S............. 15 15 7 21 15 16 15 17 1% 9 21 1% 1% 24 21 13 15
Average rating................ 3.02 3.10 2.73| 3.29| 2.88 .o 3.2 3.09 2.98 2.87 3.09] 2.93 3.00 3.37] 3.23] 2.96] 3.0%
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QBA. RATE THE IMPORTANCE OF THE FOLLOWING PRODUCTS AND AMENITIES WHEN YOU BUY A NEW HOME M A COMMUNITY ON A SCALE OF 1 10 57
1 = NOT AT ALL IMPORTANT AND 5 = VERY IMPORTANT
(PERCENT OF RESPONDEMIS) - (COMY.)

AGE OF THE HEAD OF

CONSIDER YOURSELF

FOUR CENSUS REGIONS OMNER OR RENTER COMBINED HOUSEHOLD INCOME THE HOUSEHOLD AN
ENVIRONMENTALISY
Total
Less |$50,000%75,000 Less) 35 to 55
North- |Midwest |South] Mest| Owner | Renter]| than to to |$100,000] than 54 years | Yes No ]Don‘*t
east $50,000}$74,999/399,999| or more] 35 | years |or more know
years
Not at all important 1....... 10% 9% ax 125 12X 1% % 10X 8x 12% 13X 1nx 11X 5% ax| 11x} 10%
P 13 12 16 12 13 1n 18 12 12 12 17 16 12 12 15 13 10
. 37 37 34 36 41 39 32 37 39 41 32 35 38 37 33 38 37
L 27 33 28 27 21 25 13 31 24 25 24 30 26 29 25 27 32
Very important S5............. 13 10 15 13 14 14 10 1" 16 n 14 9 13 17 18 1" 1
Average rating................ 3.20 3.26 3.29) 3.17] 3.15 3.20 3.21 3.24 3.25 3.14 3.09] 3.13 3.18 3.6V 3.27) 3.4 3.24
) tici
apeliances
Not at all important V....... 1% - 1X 1% X 1% 1% - 1% 1X 1% 2% - - Xy - %
3 1 X 1 1 1 - 2 - 1 - 2 2 - 1% 1 1% -
B cereans 8 5 13 4 10 8 7 10% 6 6 7 " ™ 7 2 10 "
LY .. 30 35 27 28 29 28 34 30 30 36 24 44 28 19 22 35 27
Very important 5.............| . 61 59 58 67 59 63 57 59 63 57 66 41 64 73 75 54 61
Average rating............. 4.52 4.52 4.40) 4.62] 4.44 4.52 Y 4.18 4.56 4.48 4.52]1 4.20 4.53 L.64] 4.72) 4.42] 4.47
Not at all important 1....... 2% 3% 3x 1% 1% 1% 3% 1% 2% &% 2% 3x 1% 1% % 2% 3%
2 e iciiiieeeiiaa, 2 2 2 1 3 2 2 2 1 2 4 2 2 2 1 3 -
. O [ 14 14 15 14 12 14 1% 15 13 12 15 19 1% 8 8 17 15
hooiiiiien. e eieeenennaaae 31 33 34 27 32 3 3 31 31 35 29 39 29 31 26 35 27
Very important S............. 52 47 46 58 52 52 51 52 54 46 50 38 54 58 64 43 55
Average rating........ceoeeenn 4.32 L.16 4.18] 4.43] 4.31 4.31 4.28 4.34 4.37 4.4 4.21] 4.10 4.33 4.43] 4.51] 4.4 4.0
Radon resistant construction
_technigue
Not at all important 1....... 4% 3% 3% axf 5% 4% 4% 2% 4x 71 6% 5% 3 “x ax{  sx|
-2 6 S 4 6 4 6 S 4 [ 8 7 6 6 5 3 9 3
- S 16 7 16 16 16 7 13 15 12 19 20 17 15 16 10 21 12
b e 26 24 n 27 21 24 29 29 32 24 13 35 24 23 20 26 32
very important S............. 49 s1 46 49 | s 49 49 50 47 44 55 3s 52 52 63| «0 | 50
Average fating................ 43)  4a5] 3] 4] 4.06]  4.08]  4ova| 4.21]  4.15) 3.9 4.07] 3.83) 4.16| 4.4 4.35] 3.90] 4.21
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QBA. RATE THE IMPORTANCE OF THE FOLLOMING PRODUCTS AND AMENITIES MHEN VOU BUY A NEW HOME IN A COMMUMITY ON A SCALE OF t TO 57
1 = NOY AT ALL IMPORTANT AND 5 = VERY IMPORIANY
(PERCENT OF RESPOMDENTS) - (CONT.)

FOUR CENSUS REGIONS

OWUNER OR RENTER

COMBINED HOUSEHOLD INCOME

AGE OF THE HEAD OF
THE HOUSEHOLD

CONSIDER YOURSELF

AN

ENVIRONMENTAL IST

Total
Less |$50,000|375,000 Less| 35 to 55
North- |Hiduwest |South| West| Owner | Renter| than to to |$100,000]| than 56 years | VYes No |[Don't
east $50,000($74,999]399,999| or more| 35 | years |or more know
years
. .
Not at all important 1....... %4 6% 4% 2X [¥9 3% 6% 3x 3X SX 6% SX (%3 2% 2% 6% 1%
2 cenn é 6 6 5 9 [ 7 7 7 2 10 9 é [ 4 9 4
. 2 enan 20 22 26 19 14 20 20 22 19 22 17 24 20 16 1" 25 20
bttt cereee PN 33 35 34 32 30 34 30 30 37 35 30 37 32 31 33 n 38
Very important S............. 37 30 30 41 43 37 36 39 35 36 37 26 38 45 51 29 36
Average rating.......c.ceeveeen. 3.93 3.74 3.80| 4.02| 3.99 3.96 3.80 3.98 3.97 3.95 3.82| 3.73 3.94 4.11] 4.30] 3.68] 4.01
Not at all important V....... (Y3 X (Y3 (Y3 5% 5% &X 2X (9 23 7% 5% [y &X 3% 5% L%
2 N 9 8 9 9 1 10 8 8 8 n n 12 9 [ 7 12 7
L S feeeaeeas eeeanaean 22 23 28 18 22 24 18 22 20 25 24 24 23 19 19 26 20
hoo... feeeiasceseerreennane 27 26 24 30 28 25 33 32 32 21 15 27 27 27 23 26 34
Very important S............. 37 40 34 39 34 37 37 35 37 35 43 3 37 43 49 3 36
Average rating...........co..- 3.81 3.9 3.721 3.91] 3.75 3.83 9 3.87 3.93 3.63 3.76] 3.64 3.84 3.96| 4.11] 3.66] 3.94
Not at all important V....... 16% 17% - 23%| 17X 18X 1Mx 23% - - 25% 50X 13% - - 2TX| 22%
22 3 - 7% - - ) - - 20% - - - 4 - - 9 -
B 2 U 10 - - 23 - 14 - 15 - 20% - 25 8 - - 9 22
L P 16 17 17 8 33 18 11 8 20 40 13 25 13 33% 18x 9 22
Very important S............. 55 67 67 1Y) 50 45 78 54 60 40 63 - 63 67 a2 45 33
Average rating................ 3N 4£.20 4.37] 3.54] 3.99 3.67 4.45 3.70 4.20 4.45 3.91] 2.25 4.12 4.67] 4.82] 3.33| 3.41
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GB8. HOW MILLING YOU ARE TO PAY FOR EACH OF THE FOLLOMING PRODUCTS AND AMEMITIES WHEN YOU BUY A NEU HOME IN A COMMUNLITY ON A SCALE OF 1 10 5
1 = NOT AT ALL WILLING AND 5 = VERY WILLING
(PERCENT OF RESPOMDENTS)

AGE OF THE MEAD OF

CONSIDER YOURSELF

FOUR CENSUS REGIONS OMNER OR RENTER COMBINED HOUSEHOLD 1NCOME THE HOUSEHOLD AN
ENVIRONMENTAL IST
Total
Less |$50,000|375,000 Less| 35 1o 55
North- [Midwest|South| West| Owner | Renter| than to to [$100,000] than 54 years | Yes No |Don't
cast $50,000({$74,999[399,999| or more{ 35 | years [or more know
years
—
EulldJDQJMJElIJi_IﬂDL;
i.c. respirstory/alicray
erobl oms
Not at all important V....... 16X 16% 20% 1x] 19% A7 13x 14X 16X 23X 18X 20X 16X 10X 10X) 21x 13%
-3 Y Y 18 26 15 15 19 18 19 18 15 22 22 16 19 18 16 20 15
2, cesesesnas 26 24 24 N 23 25 27 27 28 24 24 3 26 21 21 27 30
L “en 23 21 21 26 23 22 25 24 24 22 19 18 24 27 31 18 25
Very important S......... ees 17 13 20 17 17 17 16 18 19 1 17 14 16 24 22 14 17
Average rating........ 3.07 2.89 3.06} 3.23] 3.03 3.0% 3.12 3.7 3.19 2.82 2.95] 2.87 3.08 3.37{ 3.39] 2.84} 3.18
Not at all important 1.......| 18% 17X 25% | 1ex| 1sx|  20x 15% 13x 20% 21% 23% x| 16x 16% x| 24x| 18%
r 2 eeeae. . 20 22 20 22 18 21 20 22 18 27 1% 17 23 16 16 26 14
| PN e 3 33 28 30 33 28 37 32 33 24 30 36 30 28 25 30 a8
[ . 18 20 21 19 14 19 16 19 17 18 20 9 19 28 28 12 20
Very important S............. 12 9 7 13 19 12 12 13 12 10 12 1" 12 13 23 7 10
Average rating...... feeeeeeenn 2.83 2.85 2.68} 2.91] 3.01 2.82 2.90 2.94 2.83 2.69 2.81] 2.460 2.88 3.09{ 3.43| 2.49] 2.90
fuilt-i . .
Mot at all important 1....... 24% 23% 30% 2%} 24X 28% 18X 23X 23X 26X 29% 22% 25% 24% 18X 30X 19%
..., feeresesasenceanaeanan 24 22 27 22 24 22 26 26 19 29 20 23 25 20 19 27 22
3....... Ceececereetreenenaas 26 25 27 28 25 27 26 24 30 27 25 27 27 22 29 24 28
boo..... teacesnesssnsccncancas 17 25 7 18 17 15 21 18 18 14 1% 21 16 16 19 12 23
Very important 5............. 9 5 9 10 10 9 9 9 10 4 12 8 7 ¥4 15 6 8
Average rating................ 2.63) 2.67| 2.38) 2.72} 2.65| 2.58) 2.77| 2.64] 2.73] 2.4 2.60) 2.73) 2.55|  2.719] 2.94] 2.3¢} 2.79
Stecl froming
Not at all important 1....... 16X 18% 23% 10% 16X \res 13% 12X 174 24% 16X 16X 17% 11X 10x 18% 18%
b SN 17 12 20 w2 15 19 16 18 20 12 26 i % 15| 20| 13
L S 33 36 29 35 | 33 33 34 35 33 25 37 33 35 28 | o3| 3
LIS 20 19 21 2 v 19 22 21 18 22 19 15 20 2 2| w1 | 22
Very important S............. 14 15 8 19 13 15 13 16 - 14 9 16 10 13 24 2 12 n
Average rating................ 2.99] 3.00] 2.74] 3.22f 2.90] 2.97] 3.06] 3.13] 2.9 2.7 3.07) 2.77]  2.95| 3.39] 3.26] 2.85] 2.95
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QBB. HOW MILLING YOU ARE VO PAY FOR EACH OF THE FOLLOMING PRODUCTS AND AMENITIES WHEN YOU BUY A NEW HOME IN A COMMUNITY ON A SCALE OF 1 1O %
1 = NOT AY ALL WILLING AND 5 = VERY WILLING
(PERCENT OF RESPONDENIS) - (COMT.)

FOUR CENSUS REGIONS

OWNER OR RENTER

COMBINED HOUSEHOLD INCOME

AGE OF THE HEAD OF
THE HOUSEHOLD

CONSIDER YOURSELF

AN

ENVIRONMENTAL IST

Total
Less |$50,000|375,000 Less| 35 to 55
North- [Midwest |South| West]| Owner | Renter| than to to |$100,000| than 54 years | Yes No {Don't
east $50,000(374,999(399,999! or more|{ 35 | years |or more knowu
years
Not at atl important V....... 10X 11X 10X 10X 8x 10X 9% ™ 8% 14% 15% 10X 1x 123 6% 13% 8x
A 15 14 15 12 19 14 18 15 114 13 12 18 15 13 14 7 "
b PP tetresetessesannnan eee 35 36 33 36 36 35 36 36 36 33 35 7 37 26 30 35 41
et iiiieeenenantceteteiinaaenn 25 28 21 26 22 25 24 28 21 22 23 24 22 35 29 22 26
Very important S............. 15 1 21 15 1% 16 14 13 18 17 1% 1 16 18 21 13 1%
Average rating......c.ooeeen.. 3.20 3.14 3.28] 3.21] 3.12 3.23 3.19 3.22 3.24 3.12 3.06] 3.08 3.20 3.41] 3.45) 3.05) 3.27
appl iances

Not at all important 1....... X 2% 3X X 2X 1X 31X 1% [} 4 (33 2% by 3 X - 1x 2% 1%
Y 3 3 4 2 6 4 4 3 [ 1 3 5 3 2% 2 5 1
I R Ceereseesanesaann 15 16 21 10 15 13 18 14 1% 17 7 16 15 13 8 19 14
L e 33 n 30 33 ia 33 33 37 30 32 31 37 35 21 32 33 34
Very important S....... eeeen Y 48 43 54 40 49 42 45 49 46 47 37 46 64 57 40 S0
Average rating......... 4.20 4£.20 4.09) 4.37] 4.1 46.25 4.07 4.22 4.20 4.15 4.18] 3.96 4.22 L.47) &.42] 4.01) 4.3}
Not at all important 1....... (%3 5% 5% 2% X 3x 5% 3% 3X &% 6% 6% 3% 24 2% 5% 3%
2 5 5 [ 3 7 5 4 4 7 5 4 5 5 3 2 7 3
. 21 29 23 17 18 19 25 23 114 22 22 32 19 15 13 26 20
hooo... e tteececeeraneacenann 33 24 35 35 36 33 33 34 32 39 28 30 35 28 36 n 34
Very important S......... 37 37 30 &4 36 40 32 36 41 30 40 28 37 52 47 3 40
Average rating.......... eeaes 3.94 3.a3 3.76] 4.191 3.95 4.02 3.80 3.96 4.01 3.86 3.92| 3.72 3.95 4.25] 4.24] 3.76] 4.05
wﬁw "
Not at all isportant 1....... 9% 10% 10% 8x| 9x 9% 10% % 10% 10% 2% 14% 9% 6% ox{ 15x] 4%
2 e 9 10 10 8 9 8 12 8 9 12 9 8 10 6 1] 13 6
P 23 19 27 20 26 23 22 23 20 29 21 30 22 18 18 29 17
b 28 29 29 21| 26 28 28 30 n 21 23 24 27 33 29| 20 39
Very important S............. 3n i 24 37 29 32 29 32 29 28 34 24 32 35 &2 24 13
Average £ating................ 3.63 3.49 3.38] 3.77| 3.54 3.66 3.48 3.7 3.48 3.36 3.55] 3.36 3.63 3.79] 3.98] 3.28] 3.88
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QB8. HOM WILLING YOU ARE TO PAY FOR EACH OF THE FOLLOWING PRODUCTS AND AMENITIES WHEN YOU BUY A NEW HOME IN A COMMUMITY ON A SCALE OF ) 10 5
1 = NOT AT ALL WILLING AND 5 = VERY MWILLING
(PERCENT OF RESPONDEMIS) - (COMT.)

FOUR CENSUS REGIONS

OWUNER OR RENTER

COMBINED HOUSENOLD INCOME

AGE OF THE HEAD OF
THE HOUSEHOLD

CONSIDER YOURSELF

AN

ENVIRONMENTAL IST

Total
Less |$50,000/875,000 Less| 35 to 55
North- IMidwest {South| West| Owner | Renter| than to to |$100,000| than 54 years | Yes No [Don‘t
east $50,000|374,999 (399,999 or more| 35 | years [or more know
years
Not at all important 1....... 10X 1Mx 10X 10X 8x 10X 9% X 8x 14X 15% 10X 1Mx g3 6X] 13x 8x
7 2 15 14 15 12 19 14 18 15 17 13 12 18 15 13 1% 7 1"
. PP 35 36 33 36 36 35 36 36 36 33 35 37 37 26 30 35 41
b i i 25 28 21 26 22 25 24 28 21 22 23 24 22 35 29 22 26
Very important 5.......... e 15 n 21 15 14 16 14 13 18 17 14 1" 16 18 21 13 14
Average rating............. 3.20 3.6 3.28] 3.21] 3.12 3.23 3.19 3.22 3.2 3. 12 3.06] 3.08 3.20 3.41] 3.45] 3.05] 3.27
appliances

Not at all important 1....... 2X 2% 3% 1x 2X X 3% 1X 1% (Y3 2% 5% 1% - 1% 2X 1%
2 it iaeaaaa 3 3 4 2 é 4 4 3 [ 1 3 S 3 2% 2 5 1
e 15 16 21 10 15 13 18 14 14 17 17 16 15 13 8 19 14
L RN 33 1 30 33 38 33 33 37 30 32 31 37 35 21 32 13 34
Very important S............. . &7 48 43 54 40 49 42 45 49 46 &7 37 46 64 57 40 50
Average rating................ 4&.20 4.20 4.09| 4.37] 4. M1 4.25 4.07 4.22 4.20 4£.15 &.18] 3.96 &.22 L.47] 4.42] 4.01] 4.3
Mater conserying plusbing
Not at all important 1....... (%3 5% 5% 2% 3x 3% 5% 3% 3% 4% 6% 6% 3x 24 2% 5% 3%
7 2 5 5 6 3 7 S 4 4 7 5 4 5 5 3 2 7 3
O 21 29 23 7 18 19 25 23 17 22 22 32 19 15 13 26 20
L 33 24 35 35 36 33 33 34 32 39 28 30 35 28 36 31 34
Very important S............. 37 37 30 113 36 40 32 36 41 30 40 28 37 52 47 31 40
Average rating................ 3.94 3.83 3.76] 4.19] 3.95 4.02 3.80 3.96 4.01 3.86 3.92| 3.72 3.95 4.251 4.24] 3.76] 4.05
Not at all important 1....... 9X 10X 10% 8x 9x 9X 10X 7% 10X 10% 12X 14% 9% 6% 4] 15% 4%
2 i it e 9 10 10 8 9 8 12 8 9 12 9 8 10 6 7 13 6
S 23 19 27 20] 2 23 22 23 20 29 21 30 22 18 8| 201 a7
Aot 28 29 29 27 ] 26 28 28 30 3 21 23 2 27 33 29| 20 39
Very iaportant S............. n n 24 37 29 32 29 32 29 28 34 24 32 35 42 24 33
Average fating................ 3.63 3.49 3.38] 3.77| 3.54 3.66 3.48 3.7 3.48 3.36 3.55] 3.36 .63 3.79] 3.98| 3.28] 3.88
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QBB. HOM MILLING YOU ARE 1O PAY FOR EACH OF THE FOLLOMING PRODUCTS AND AMENITIES UMEM YOU BUY A NEW NOME IN A COMMUNITY OM A SCALE OF 1 10 S

1 = NOT AT ALL VILLING AND 5 = VERY WILLING

(PERCENT OF RESPONDENTS) - (CONT.)

AGE OF THE HEAD OF

CONSIDER YOURSELF

FOUR CENSUS REGIONS OMNER OR RENTER COMBINED HOUSEHOLD INCOME THE HOUSEHOLD AN
ENVIRONMENTALIST
Jotal
Less {$50,000(%75,000 Less| 35 to 55
North- [Miduest|South] West| Owner | Renter| than to to |$100,000] than 54 years | Yes No |Don*t
east $50,000(374,999(3$99,999| or more| 35 | years |or more know
years
Not at all important 1....... 8x 10X 13X %3 5% 6X 1Mx 8x 6% 10x 9X 10X 8x 5X 2% 11X 6X%
2 RN 12 17 13 9 9 12 12 12 1% 8 12 13 n 12 10 1% 9
. 28 27 29 30 26 27 30 29 7 28 3N 24 3 29 21 23 32 27
bt ittt 28 29 28 30 27 30 25 30 27 33 24 31 28 27 32 23 3
Very isportant S............. 24 17 17 26 32 25 22 22 25 18 32 16 24 35 32 20 24
Average rating................ 3.48 3.7 3.23| 3.62] 3.69 3.56 3.35 3.49 3.51 3.4 3.61} 3.33 3.49 3.75| 3.79] 3.27] 3.&41
Not at all important V....... > 6% X 5X [23 23 23 5X e 3 12X I3 8x g 3 (33 4% 9x 5%
2 13 12 13 14 13 14 1 12 9 18 \ 14 10 15 n 10 15 12
- e 25 22 26 23 26 24 24 23 29 26 19 29 23 22 18 29 23
LN 25 25 26 26 22 23 28 30 22 20 22 25 25 24 27 21 29
Very important 5............. 3 34 26 13 32 32 29 n 33 24 35 28 30 38 41 25 32
Average rating................ 3.63 3.66 3.47] 3.7%] 3.59 3.59 3.58 3.73 3.65 3.26 3.61] 3.55 3.5 3.78| 3.91] 3.35] 3.74
Mot at all important V....... 21% 50X 20X| 20% 18% 29% 25% - 25% 20X 25X 18% 33x 20X} 10x| 33%
SN - - - - - - - . - - - - - - - -
I 29 25 - [11] 40 29 29 25 67x% 50 - 50 29 - 40 13
L 7 - 20X 20 20 18 1% 25 33 - - 25 18 - - 20 22
Very important S5............. 33 25 80 20 20 35 29 25 - 25 80 - 35 o7 a0 30 11
Average rating...........coc... 3.4 2.05 4.08] 3.02¢1 3.02 3.52 3.7 3.2% 3.33 3.00 &.20] 2.75 3.52 3.68)] 4.20] 3.60] 2.75
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Q16. IF YOU ARE PURCHASING A HOME AND YOU ARE GIVEN AN EXTRA $2,000 TO SPEND WHICH OF THE FOLLOWING MOULD YOU CHOOSE?
(PERCENT OF RESPOMDENTS)

AGE OF THE HEAD OF

CONSIDER YOURSELF

FOUR CENSUS REGIONS OWNER OR RENTER COMBINED HOUSEHOLD I1NCOME THE HOUSEHOLD AN
ENVIRONMENTAL IST
Total
Less |$50,000{$75,000 Ltess| 35 to 55
North- |Midwest{South| West] Owner | Renter| than to to [$100,000] than 54 years | Yes No |bon‘t
east $50,000(874,9991399,999| or more] 35 | years |or more know
years
Upgraded or improved
energy-efficient appliances
and insulation...... ceeanes 66% 63X 60% 72X| 66X 66X 65X 66X 68X 71X 57X 56% 67X 72% 2% 61X] 67%
Upgraded kitchen quality...... 13 21 12 10 1n 1% 1 13 n 13 17 15 12 13 8 114 12
Upgraded appliances........... 3 2 4 3 4 3 5 3 3 2 6 6 3 1 4 4 3
Larger counter space in
kitchen..ooovnenninnnennn. 3 3 3 3 5 3 4 3 3 5 5 5 3 3 2 b 1
Central cooking island........ 4 4 8 4 3 4 6 6 5 4 - 8 3 4 4 4 s
More landscaping............ .. S 2 6 4 [ 5 4 4 S 2 [ 6 S 1 S 5 4
Built-in recycling bins....... 1 2 2 1 - 1 1 - 1 2 1 1 1 2 1 1 1
Other........ Cetesescaiesaanan 4 4 6 4 5 4 S b 3 1 7 3 S 4 5 3 7
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"Q188. DO YOU THINK CHILDREN/GRANDCHILDREN WitL BE MORE CONCERNED ABOUT THE ENVIRONMENT 1IN PURCHASING A NEW HOME ?
(PERCENT OF RESPONDENTS)

AGE OF THE HEAD OF |CONSIDER YOURSELF
FOUR CENSUS REGIONS OMNER OR RENTER COMBINED HOUSEHOLD INCOME THE HOUSEHOLD AN
ENVIRONMENTALIST
Total
Less |$50,000|375,000 Less| 35 to 55
North- |Miduest [South| West| Owner | Renter| than to to |$100,000] than 54 years | Ves No |Don’t
east $50,000(374,999|399,999| or more|] 35 | years |or more know
years

YesS...coueunnn e eeeanaa. nx 35% 33% L1X]  36% ITX 36% 38x 33X 37X 39% 39% 37x 31X 5241 31x 31X
Maybe......covvnnnnnaccnnnass &5 50 50 42 44 47 43 46 L7 46 L2 42 45 53 38 48 49
T ceennn ceeen 8 7 10 7 10 8 .} a 9 6 9 8 8 8 6 10 7
NOL SUF@....cevvernnnennannnns 10 a 8 10 10 8 13 8 n 10 9 n 9 8 4 " 12
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Builders Survey of
Environmental Issues 1996

Please indicate the total number of residential units S.

started by your firm during 1995.
Single family (detached and attached)
Multifamily (for sale and for rent)
Total

Please indicate the total number of lots for residential
construction started for development by your firm
during 1995.

Single family lots
Lots for multifamily units

What is the estimated cost per finished lot for complying
with federal, state and local environmental regulations
(endangered species, wetlands mapping,

environmentai impact statements, impact fees, tree
preservation, etc)?

Endangered species

Stormwater drainage

Wetlands mapping
Environmental impact statements
Tree preservation

Ground water quality

Lead contamination

Other

Total

How many trees, on average, did you ‘rlz;lt fgr”e;?ery
uring

lot you developed or home you built

W WM A WD N AN LK
o

How much do you spend per house on tree conservation
and replanting (working around existing trees,
relocating existing trees, planting new trees on the lot)
and how much premium buyers pay for a houseon 2
wooded lot. (Check one box'in each column or write in
average amount.)

Premium

Buyers

Pay for
YouSpend  Woaded Lot

Up to $1,000 per house O [m]
$1,000 - 3,000 per house O O
$3,000 - 5,000 per house a a
$5,001 - 7,500 per house a a
$7,501 - 10,000 per house 3 a
More than $10,000 per house [ a
Not Applicable a [
Average per house $ S,

Has your firm in any way been affected (e.g., denied

its, or s}gniﬁcz.nﬂy increased production costs)

ue tt.iu any o the following issues within the past12
months?

O Wetlands regulations

O Endangered species regulations

O Stormwater regulations

O Building codes

O Zoning regulations

O Subdivision regulations

O Erosion/sediment control

0 Lead contamination

O Ground water quality

O Archaeological/historic preservation
O OSHA inspections '

O Flood plain

0 Building moratoria

O Growth controls

O School overcrowding

O Tree preservation

[J Lack of infrastructure

O None of the above

0 Other (spedify)
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Have you taken any action to respond to environ-
mental concerns in your community, such as an
education gfrognm for school chil or other public
relations effort?

0 Yes J No

I “ves,” piease arzach 1 short descripticn ¥ Jour project or
actimty:

What major changes have you made to comply with
environmental regulations?

O Increasing density

O Decreasing density

O Conserving trees and open spaces

0O Adding extra infrastructure (water/sewer, roads, etc.)

O Offering energy-efficient product des (low-e
glass, more insulation, HVAC upgrades)

O Adding water<onserving products or landscaping

0O Spending funds on attorneys, etc.
O Other (spedify)

There ate at least four components to “building
geen." These are: increasing the energy efficiency of

¢ home, using alternative building materials,
recycling construction waste, and use of water
conserving techniques.

We are in the process of developing information about

ractices of NAHB builder members related to
guilding green. Please check the methods and materials
used by your firm when building homes:

Yes No

Energy Efficiency

a. Ceiling and wall insulation use:
Use siFm.ﬁ' icantly higher than required
by codes.

b. Windows used: Super insulated

¢. Seal all accessibie duct seams/joints.

d. Use zoned HVAC system.

e. Install energy efficient dppliances.

f. Orientation of the house for passive
solar heating.

g- Other (specify)

00 ocoogaoao
a0 ooaaao

Building Materials

a. Use alternative to dimensional lumber.
(Engineered wood products)

b. Use recycled and recyclable products.

¢. Use locally produced materials/
products.

d. Specify materials to avoid waste.
e. Use durable materials.

f. Recycle construction waste.

g. Other (specify)

oooaoo oa
Oo0ooco aa

10.

11

Xes No
Water Conservation
a. Use low flow shower heads.
(max. 2-5 gallons per minute.) C C
b. Use water effident landscaping. c a
c. Other (specify) C ]
Land Development and Site Design

a. Site selection process considered
environmental factors, natural
hazards or sensitive features such as
flood plains, steep slopes, endangered
species habitat, wetlands.

b. Retain/replace native vegetation
¢. Minimized disruption to existing
vegetation

d. Preserved visual corridors to reduce
impact of development

e. Provided for zero net increase in
storm water discharge from the site .

f. Incorporate micro climatic variables
into development

aon o o 0o oo
oo o o o oo

g. Provided access to mass transit

h. Reduce vehicle trip demand and trip
distance by mixing land uses and
providing a well-connected street
network

0

i. Considered solar orientation in site
design

g. Other (specify) [y D

How much do you ﬁnd per dwelling unit for scrap and
waste removal and disposal? (Check one box or write in
average amount.)

O Less than $250
0 3250 - 3499

0 3500 - $749

0 $750 - 51,000

0O More than $1,000

Average per house $

What waste removal and disposal processes do you
typically use?

O Contract with waste hauler to provide an on-site
dumpster for all waste.

O Contract with waste hauler to provide waste removai
without an on-site dumpster.

‘0 Waste removal and disposal with your crews and

equipment.
[ Subcontractors are responsible for waste removal.

O Other (spedify)
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Which materials do you separate and reclaim from your
waste stream? (Check all that apply.)

T Cardboard

T Metals

O Paint

0 Clean dimensional lumber
O Gypsum

O Treated lumber

O Plastic
O Other (specify)

What do you do to mitigate wetland problems? (Check
all that apply.)

O Avoid wetland
O Mitigation banking
O On-site mitigation

O Other (specify)

Which of the following statements best describes
your own feelings about the system of controls on
growth and residential development in the area where
you build? (Check one box.)

0O Too restrictive
{0 Not sufficient
J Just about right
O Not sure

‘What environmental amenities do your home buyers
want in the home you build? (Check all that apply.)

{J Allergin-free, chemical-free building materials
T Solar heating

O Recycling containers built-in

{0 Alternative products to wood

0 Increased energy efficient appliances

[0 Water conserving appliances and plumbing
0 Wooded lots

T Lower density

0O Building products that cause no environmental harm
when extracted from earth

O Building products that cause no known negative
health impact to occupants

{0 Radon resistant construction techniques/radon
abatement

O Water conserving landscaping
O Open space
O Water filtering system

O Other (specify)

i 16.

17.

18.

19.

20.

When you develop land or purchase developed lox

which of the following opinio ! X 5,
(Check all that apply.)8 pinions are applicable

0 Preserve open space by building on smaller lots
and/or cluster development in a single area

O Leave as many trees as possible
O Plant more trees

O Build more energy efficient homes and equip them
with energy saving appliances

O Make greater use of recycled materials when building
a house

O Minimize site disruption

O Other (spedify)

Have you built or are you planning to build a sustainable
development (sustainable development is one which
conserves energy, uses less water, and uses materials
which are not toxic, etc.)?

O Currenty building
0 Plan to build (‘é
0 No plans

Do your customers ever ask about environmental fcatures
in 2 home?

a.0 Often
O Seldom
O Never

b. If you checked “Often” or “Seldom,” what features do
they inquire about?

Would you be interested in learning more about the costs
of providing environmental features?

G Yes
0 No
0O Maybe

Would you consider participating in a sustainable
building or best management practice building
program?

O Yes

O No

O Mayve

If you were labeled an environmental builder, would
that be:

0O Good
O Bad
O No difference
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24.

What in your opinion are major drawbacks to
environmental building?

{0 Not enough information about or availability of
environmental building products.

O Too nsive, making builders less competitive in
localecmpaerket_ g P

O Don't know techniques

O Consumers do not care

0O Consumer not willing to pay any additional cost.
O Takes more time

T Other (specify)

Would you be interested in attending a seminar to leamn
:chni%ues for marketing the environmental features of
omes?

O Yes
O No
O Maybe

Would you have any interest in participating in a
voluntary environmental certification program?

O Very interested
O Somewhat interested
O Not interested

25. FPlease state three examples of how builders or developer

26.

contribute positively to preserving or improving the
environment.

.

b

o

Are there any other environmental issues that are not
covered here or any comments you would like to make
about the survey?

Thank you for completing the Builders Survey of Environmentai lssues.
Please return it as soon as possible in the envelope enclosed to:

Economics Department
National Association of Home Builders

=

151

1201 Fifteenth Street, NW
Washington, D.C. 20005-2800



Q8. MAJOR CHANGES MADE TO COMPLY UITH ENVIRONMENTAL REGULATIONS
(PERCENT OF RESPONDENTS)

(49!

SIZE OF THE FIRM
PRINCIPAL TAKE ACTION TO BUILD SUSTAINABLE
FOUR CENSUS REGIONS OPERATION OF THE RESPOND TO |DEVELOPMENT OR PLAN TO
FIRM BUILDER LAND ENVIRONMENTAL BUILD
DEVELOPER CONCERNS
Total
Less| 100
Small] Medium|Large] than] tots
North- Land 100 or Currently| Plan] No
east |Midwest|South| West|Builder|Developer lots| more{ Yes No building to |ptans
bui ld
Increasing density....... 14% 9% 5% 13%] 274 13% 16% 6% 22% 28%] 12%] 21% 20X 12% 16% 19%4)  12%
Decreasing density....... 24 32 24 26 19 17 42 1" 33 28 37 55 30 264 23 25 22
Conserving trees and open
SPACeS....covenucanans 51 60 49 57 41 46 64 39 59 67 62 70 59 49 61 67 46
Adding extra
infrastructure
(water/sewer, roads, )
(3 J- T 34 43 38 3 30 28 50 21 39 54 48 49 38 33 39 33 34
offering energy-efficient
product upgrades
(low-e glass, more
insulation, HVAC
upgrades)............. 51 © 53 54 48 49 62 24 67 52 54 22 23 42 53 59 56 52
Adding water-conserving
products or
landscaping........... 35 26 34 34 44 39 26 40 22 56 20 30 34 34 57 50 30
Spending funds on
attorneys, etc........ 33 36 29 34 35 24 56 17 37 36 52 62 47 31 38 33 £y
Other.....c.oceemvnennenns 8 9 7 7 1 8 8 S n 10 7 1 1" 8 4 - 8
RespondentsS.............. 407 (Y4 146} 144 96 284 119] 185 46 39 60 47 64 33 56 36y 277

PR
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Q8. MAJOR CHANGES MADE TO COMPLY MITH ENVIRONMENTAL REGULATIONS

(PERCENT OF RESPONDENTS)

SIZE OF THE FIRM
PRINCIPAL TAKE ACTION YO BUILD SUSTAINABLE
FOUR CENSUS REGIONS OPERATION OF THE RESPOND TO |[DEVELOPMENY OR PLAN TO
FIRM BUILDER LAND ENVIRONMENTAL BUILD
DEVELOPER CONCERNS
Total
Less| 100
Small| Medium|Large| than| lots
North- Land 100 or Currently| Plan| No
east |[MidwestSouth| West|Builder|Developer lots| more| VYes No building to |ptans
build
Increasing density....... 146X 9% 5% 13%) 274 13% 16% 6% 22% 28%] 12%] 21% 20% 172% 16% 19%] 12%
Decreasing density....... 24 32 24 26 19 17 42 1 33 28 37 55 30 24 23 25 22
Conserving trees and open
SPACES...ccvevennannnn 51 60 49 57 41 46 64 39 59 67 62 70 59 49 61 67 46
Adding extra
infrastructure
(Mater/sewer, roads,
etC. ) ierienienannnn 34 43 38 31 30 28 50 .21 39 54 48 49 38 33 39 33 34
offering energy-efficient
product upgrades
(low-e glass, more
insulation, HVAC
upgrades)............. 51 53 54 48 49 62 24 67 52 54 22 23 42 53 59 56 52
Adding water-conserving
products or
landscaping........... 35 26 34 34 44 39 26 40 22 56 20 30 34 34 57 50 30
Spending funds on
attorneys, etc........ 33 36 29 34 35 24 56 17 37 36 52 62 47 3 38 33 31
Other......ooceievnnnenn. 8 9 7 7 1" 8 8 5 1 10 7 n 1" 8 4 - 8
Respondents.............. 407 47 114) 144 96 284 119| 185 46 39 60 47 64 331 56 36| 277
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Q9. METHODS AND MATERIALS USED FOR BUILDING GREEN -

(PERCENY OF RESPONDENTS)

ENERGY EFFICIENCY

SIZE OF THE FIRM

PRINCIPAL TAKE ACTION TO BUILD SUSTAINABLE
FOUR CENSUS REGIONS OPERATION OF THE RESPOND TO [DEVELOPMENT OR PLAN TO
FIRM BUILDER LAND ENVIRONMENTAL BUILD
DEVELOPER CONCERNS
Total
Less] 100
Smalt| MediumjLarge| than{ lots
North- Land 100 or Currently| Plan| No
east [Midwest|South| West|Builder|Developer lots| more| VYes No bui lding to |plans
build
Ceiling and wall
insulation:
Significantly higher
than required bycodes
YeS..coeeresinecoannacans X 3% 7% %) 61% 7% 72% 7% 59X S3X| 7% 71% 74% 70X 84% B2%| 67%
NO..oiviriiarnnsoncannnnnn 29 27 23 29 39 29 28 23 41 47 29 29 26 30 16 18 33
Respondents.......ccoee.- 412 48 1251 150 83 336 72| 225 5S4 43 35 28 53 348 51 38| 299
Super insulated windows
used
V€S, i cevnrenncsonancnnane 56% 65% 63% L2% 66% 55% 61% 64% 37% 29%f 65X 52% 63X 55% 80% 62%| S2%
NO..oiivnrecnacosnsannns 46 35 38 58 34 45 39 36 63 7 35 48 37 45 20 38 48
Respondents..........c... 401 48 120 144 83 327 70} 218 5S4 41 34 27 52 341 50 37| 292
Seal all accessible duct
seams/ joints ‘
YeS. .t riiiniiiinanananns 80% 74% 66% 93%] 80% 81% 7% 81% 775 82%] 82%] 81% 92% 79% 90% B3kl 77%
NO..ovvvrvennnnnn feeneans 20 26 34 7 20 19 23 19 23 18 18 19 8 21 10 17 23
RespondentsS........c.eo.. 405 47 114] 150 87 330 701 223 53 39 33 27 50 347 51 35| 297
Use zoned HVAC system
YeS . it iiereecenecannans STX 67X 4L9% 67X 46% 58% S2% 63% 48% 46%] SO0X| 63% 67% S7TX 68% 73%) S3%
NO..eoireninrannnennannnn 43 33 51 33 54 42 48 38 52 56 50 38 33 43 32 27 47
Respondents.....coocueen. 378 46 111 137 78 312 62| 208 52 39 28 24 48 322 47 30} 283
install energy efficient
appl iances
Yes......... et 85% 85% 89% 874 78% 85% 87% . 90% 69% 85%] 90%] 86% X B4 4% 95k} 81%
MO e cvercnanncaroncnnnns 15 15 1 13 22 15 13 10 31 15 10 14 6 16 6 5 19
AesSPONdeNtS . ccoeeranasann 404 &7 117 150 83 331 68 221 54 41 30 28 5 342 51 37{ 293
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Q9. METHODS AND MATERIALS USED FOR BUILDING GREEN -

(PERCENT OF RESPONDENTS) - (CONT.)

ENERGY EFFICIENCY

SIZE OF THE FIRM

PRINCIPAL TAKE ACTION TO BUILD SUSTAINABLE
FOUR CENSUS REGIONS OPERATION OF THE RESPOND TO |DEVELOPMENT OR PLAN 10
FIRM BUILDER LAND ENVIRONMENTAL BUILD
DEVELOPER CONCERNS
Totat
Less| 100
Small| Medium[Large| than| lots
North- Land 100 or Currently} Plan| No
east |Midwest|South| West|Builder |Developer lots| more| Yes No building to [plans
buitld
Orientation of the house
for passive solar
heating
YeS...oeiannenn teesesenes 29% 33% 31X 20%| 40% 30X 28% 37X 18% 13%] 22%| 38% 34% 28% 50% 35%| 25%
NO...oovininnnnnn teeeeenes 71 67 69 80 60 70 72 63 82 87 78 63 66 72 50 65 75
Respondents.............. 348 39 103} 122 78 286 58] 184 50 39 27 24 41 299 40 26| 264
Other
Yes...... feereceaetacnans 38% 33x% 38% 20%] 55% 43% 20% 37X 67% 50%| - - 50% 34X 45% - 34%
NO.......conn. tieseesennn 62 67 63 80 45 57 80 63 33 50 | 100%] 100X 50 66 55 100X]| 66
Respondents.............. 58 6 16 15 20 47 10 35 3 8 3 4 8 &7 1 1 44
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Q9. METHODS AND MATERIALS USED FOR BUILDING GREEN -

(PERCENT OF RESPONDENTS)

BUILDING MATERIALS

SI2E OF THE FIRM
PRINCIPAL TAKE ACTION TO BUILD SUSTAINABLE
FOUR CENSUS REGIONS OPERATION OF THE RESPOND TO |DEVELOPMENT OR PLAN TO
FIRM BUILDER LAND ENVIRONMENTAL BUILD
DEVELOPER CONCERNS
Total
Less| 100
Small| Medium|Large| than] lots
North- Land 100 or Currently{ Plan} No
east |Midwest|South| West]Builder[Developer lots| more| VYes No building to |plans
bui ld
Use alternative to
dimensional lumber
VS uoonervannnasarananns 75% 63% 80X x| 7% X 61% 80% 62% 83%] S59%] 61% 74% 75% 81% 79%] T72%
NO...oieiveaouncnacnanans 25 37 20 29 23 23 39 20 38 18 41 39 26 25 19 21 28
Respondents.......c.ocunn 385 43 117 140 79 319 62 213 53 40 29 23 Y4 328 48 34 281
Use recycled and
recyclable products
Y@S..eereaaeossasonannans 61% 64% 65% S9%| 55% 61% 59% 64% 52% 9S%| 56%] 58X 69% 58% 87% 78%] S3%
NO..ooceeioasocnonnsnnass 39 36 35 41 45 39 41 36 48 45 44 42 31 42 13 22 47
RespondentS.......ceanvae 375 44 113} 135 76 31 59| 207 50 40 27 24 49 319 47 32| 279
Use locally produced
materials/products
YeS..eveeeeconasnnceonnen 66% 51% 62% 72%] 70% 65% 70% 68% 60% ST4L| 66%] 85% 80% 64% 84% 854 60%
NO. . iiciracneanosnnonsens 34 49 38 28 30 35 30 32 40 43 34 15 20 36 16 15 40
Respondents........coevn.. 368 39 105( 139 80 300 64 202 50 35 29 26 49 311 45 331 273
Specify materials to
avoid waste
YeS. i ionicnarnanacnnnnans 86X 76% 83% 86%| 86% B4X 84% 87% 7% 824| 85%| 87% 96% 82% 96% 88%] B81%
NO..iieiecenauaccnaoanans 16 24 17 14 14 16 16 13 23 18 15 13 4 18 4 13 19
RespondentsS.............. 386 46 110] 144 80 323 58] 218 53 39 26 23 47 333 46 32| 287
Use durable materials
Y@S . ueeeooososannnreanas 89% 88% 89% 91X] 88% 90% 89% 92% 84X 924 93X 8T% 98% 88% 93% 94%] 88%
T 1 12 1" 9 12 10 1" 8 16 8 7 13 2 12 7 [ 12
Res@ondentS..cceeeeercons 381 42 114 161 78 315 61 211 51 39 29 23 48 327 43 34] 284
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Q9. METHODS AND MATERIALS USED FOR BUILDING GREEN -
(PERCENT OF RESPONDENTS) - (CONT.)

BUILDING MATERIALS

SIZE OF THE FIRM

. PRINCIPAL TAKE ACTION TO BUILD SUSTAINABLE
FOUR CENSUS REGIONS OPERATION OF THE RESPOND TO |DEVELOPMENT OR PLAN TO
FIRM BUILDER LAND ENVIRONMENTAL BUILD
DEVELOPER COMCERNS
Total
Less} 100
Small}] Medium{Large| than] lots
North- Land 100 or Currently] Plan| No
east |Midwest|South| West|Builder|Developer lots| more| VYes No building to {plans
buitld
Recycle construction
waste
Yes........ Ceesesetenennn 43% 35% 50% 32X} S7X (3% 3 37% 48% 40% 24%]  34%| 38% 50% 42% 62% STX| 37X
NO......... Ceerecsesaanan 57 65 50 68 43 56 63 52 60 76 66 63 50 58 38 43 63
RespondentS.....cceevevee 363 40 108{ 134 75 298 601 196 S0 38 29 24 46 310 42 28| 273
Other
Yes...... feeecessieneoaen 30% 33% 14X 26X| 44X 30% 20% 24% 67T% 25%| 40%X| - 38% 30% 43% S0%| 26%
NO....covnnn ceresenaneses 70 67 86 76 56 70 80 76 33 75 60 | 100X 63 70 57 50 74
Respondents......... cecen 54 6 14 17 16 43 10 33 3 4 S 4 8 44 7 4 42
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Q9. METHODS AND MATERIALS USED FOR BUILDING GREEN -

WATER CONSERVATION

(PERCENT OF RESPONDENTS)

PRINCIPAL

SIZE OF THE FIRM

TAKE ACTION TO

BUILD SUSTAINABLE

FOUR CENSUS REGIONS OPERAVION OF THE RESPOND TO |DEVELOPMENT OR PLAN TO
FIRM BUILDER LAND ENVIRONMENTAL BUILD
DEVELOPER CONCERNS
Total
Less| 100
Small| Medium|Large| than| lots
North- Land 100 or Currently| Plan] No
east {Midwest|South] West|Builder|Developer tots| more} VYes No building to |pltans
. build
Use low flow shower heads
(max. 2-5 gallons per
minute
YeS. . civrreocnnennnn ceee 87x% 87% 87% 90X] 83% 89% 78% 89% 89X 95%| T74%| T9% 89X 86% 88% 86X%| 87X
No...... teesessencasennen 13 13 13 10 17 11 22 1" " 5 26 21 1 14 12 14 13
RespondentS.......cceeuus 404 47 18| 147 86 327 73} 218 53 42 34 29 54 339 52 357 293
Use water efficient
landscaping
€S . cneeeeaaneacasannans 52% 446% 47X 53%| 60% 51% 53% 52% 50X S9%| 38%| 66% 66% 48% 84% SBLl  44%
NO..ovrinnnennnen cesens .. 48 56 53 47 40 49 47 48 50 41 62 34 34 52 16 42 56
Respondents......ccoeveen 357] 39 98] 133 82 284 701 184 48 39 29 32 50 299 45 31| 259
Other
YeS..veeenaons Cessceenans 44X 60% 36% 43%) 36X 4T% 27X 52% - SO0%X] 25%] 100% 50% 44X 40% 100%) 41%
NO...oocrnnnnn Ceeresasden 56 40 64 S7 64 53 3 48 100% 50 75 - 50 56 60 - 59
Respondents.............. 57 10 14 21 " 45 1" 31 2 10 8 1 14 41 10 3 41
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Q9. METHODS AND MATERIALS USED FOR BUILDING GREEN -

(PERCENT OF RESPONDENTS)

LAND DEVELOPMENT AND SITE DESIGN

SIZE OF THE FIRM
PRINCIPAL TAKE ACTION TO BUILD SUSTAINABLE
FOUR CENSUS REGIONS OPERATION OF THE RESPOND TO [DEVELOPMENT OR PLAN TO
FIRM BUILDER LAND ENVIRONMENTAL BUILD
DEVELOPER CONCERNS
Total
Less| 100
Small]| MediumlLarge| than| lots
North- Land 100 or Currently| Plan{ No
east |Midwest|South| West|Builder|Developer tots} more| VYes No buitding to |plans
build
Site selection process
considered
environmental factors,
natural hazards or
sensitive features
such as flood plains,
steep slopes,
endangered species
habitat, wetlands
Y@S..ieeenercnscnnnasannn B4X 93% 80% 83%] 85% 79% 94X 76% B4X 89x%] 93X| 96% 89X 82% 4% 92X| 81%
NO...ovveernnnn veesneseen 16 8 20 17 15 21 [ 24 16 1" 7 4 1" 18 [ 8 19
RespondentS.....cceenues- 394 40 108] 148 93 272 119} 174 S0 37 58 48 65 317 50 38| 274
Retain/replace native
vegetation
YeS..ovveoeananoncnonnans 74% 73% 74% 75%) 75% 70% 87% 70% 69% 64X%}] 88X] 89X 92% 70% 90% B6X| 68%
NO.ovvveeonsornacasnnsons 26 27 26 25 25 30 13 30 31 36 13 1" 8 30 10 14 32
RespondentS........c..u.. 399 45 107 151 92 282 115 181 49 39 56 46 63 324 51 36] 276
Minimized disruption to
existing vegetation
YeS. o iaceattacnanncaans 86% 95% 88% 87k} 774 B84% 9% 87% 82% 724 91X| 91X 95% 85% 90X 92%} B4%
NO. oo oveesvevenoneannonnn 1% 5 12 3] 23 16 9 13 18 28 9 9 S 15 10 8 16
RespondentsS......ceeoene- 409 44 115] 153 92 290 116} 188 51 36 57 45 66 330 50 39| 281
Preserved visual
corridors to reduce
impact of development
YeS. . oiucienaacansaannnn 73% 73% 75% 724y T3% 68% 86% 7% 65% 61%] 88%] 85% 89% 70% 84%
T Z 27 28 25 28 27 32 14 29 35 39 12 15 " 30 IbA ?;Z gg%
RespondentS.....coovceenes 379 40 100] 144 90 267 109 173 48 36 51 47 62 305 45 38| 263
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Q9. METHODS AND MATERIALS USED FOR BUILDING GREEN -

(PERCENT OF RESPONDENTS) - (CONT.)

LAND DEVELOPMENT AND SITE DESIGN

SIZE OF THE FIRM

PRINCIPAL TAKE ACTION TO BUILD SUSTAINABLE
FOUR CENSUS REGIONS OPERATION OF THE RESPOND TO |DEVELOPMENT OR PLAN TO
FIRM BUILDER LAND ENVIRONMENTAL BUILD
DEVELOPER CONCERNS
Total
tess| 100
Small] Medium{Large| than| lots
North- Land 100 or Currently! Plan| No
east |Midwest|South| West|Builder|Developer lots| more}] VYes No building to |plans
buitd
Provided for zero net
increase in storm
water discharge from
the site
YeS..i.cieernereanannanas 65% 88% 67% S6%| 66% S7X 81% 53% 65% 70%] B81%] 80% 60% 66% 74% 72%] S9%
NO...ooeiveenannaannnnnns 35 12 33 44 34 43 19 47 35 30 19 20 40 34 26 28 41
RespondentS........cccc... 386 42 102] 144 93 270 13| 49 37 54 45 65 312 &7 36] 267
Incorporate micro
climatic variables
into development
¥eS..uoeaeeaonancnnananan 12% 6% 13% 13X 13% 10% 174 8% 9% 16%) 16%] 18% 21% 1% 36% 29% 6%
T 88 94 87 87 87 90 83 92 91 86 84 82 79 89 64 n 94
Respondents.............. 320 35 861 119 76 231 86| 144 43 35 43 33 48 263 36 31] 229
Provided access to mass
transit
VS . ieeaeseenansseannnne 154 16% 15% 10%] 22% 13% 21% 9% 23% 94] ATR| 24% 20% 13% 4L0% 16%] 10%
T 85 86 85 90 78 87 79 91 77 91 83 76 80 87 60 86 90
Respondents.............. 324 36 89| 116 79 236 86 15 44 32 41 34 46 269 35 29| 235
Reduce vehicle trip
demand and trip
distance by mixing
tand uses and
providing a
well-connected street
network
V€S s eeuereecanncassanans 33% 28% 34% 314 39% 27% 51% 22% 29% L% 4L4R]  58% 50% 30% 59% 50| 27%
NO. ittt cenoneraaanans 67 72 66 69 61 73 49 78 7 59 56 42 50 70 41 50 73
Respondents.............. 326 36 88 119 79 234 90] 148 42 34 43 36 48 269 37 321 236
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METHODS AND MATERIALS USED FOR BUILDING GREEN -

(PERCENT OF RESPONDENYS) - (CONT.)

LAND DEVELOPMENT AND SITE DESIGN

SIZE OF THE FIRM

PRINCIPAL TAKE ACTION TO BUILD SUSTAINABLE
FOUR CENSUS REGIONS OPERATION OF THE RESPOND TO |DEVELOPMENT OR PLAN TO
FIRM BUILDER LAND ENVIRONMENTAL BUILD
DEVELOPER CONCERNS
Total
Less| 100
Small| Medium{Large| than| lots
North- Land 100 or Currently| Ptan| No
east |Midwest|South| West]Builder|Developer lots| more{ Yes No building to jplans
build
Considered solar
orientation in site
design
Y@S.ivcucesnncannonannnen 36% 38% 38X 30%] 43% 38x% 34% 46% 20% 20%| 30%| 37% 40X 36% 67T% S6%| 29%
NO...vienvnoonsnccnnasnns 64 62 62 70 57 63 66 54 80 80 70 63 60 64 33 A 7
RespondentS........coeunn 340 39 90| 118 88 248 881 157 45 35 43 35 50 280 39 32) 242
Other
Y8 . eueeineroarasonsnnans 19% - 13X 224) 25% 16% 25% 9% 33% 33%| 33%) - 20% 7% 25% 100% 8%
T 81 100% 87 78 7 84 75 91 67 67 67 | 100% 80 83 75 - 92
Respondents...... teeeeas 36 3 15 9 8 31 4 23 3 3 3 1 5 30 4 1 26
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Q10. AMOUNY SPENT PER DWELLING UNIT FOR SCRAP AND WASTE REMOVAL AND DISPOSAL
(PERCENT OF RESPONDENTS)

S1ZE OF THE FIRM

. PRINCIPAL TAKE ACTION TO BUILD SUSTAINABLE
FOUR CENSUS REGIONS OPERATION OF THE RESPOND TO |DEVELOPMENT OR PLAN TO
FIRM BUILDER LAND ENVIRONMENTAL BUILD
DEVELOPER CONCERNS
Total
Less| 100
Small| Medium|Large| than| lots
North- Land 100 or Currently| Plan| No
east |Midwest|South| West |Builder|Developer lots| more| Yes No buitding to |plans
buitd
Less than $250........... 16% 16% 1% 12%} 30% 13% 26X 13% 13% T4 30%] 16% 20% 15% 15% 184 15%
$250 to $499............. 29 18 37 26 28 27 37 25 32 37 37 38 26 30 25 44 28
$500 to $749............. 26 30 25 21 25 27 13 26 21 37 7 19 23 23 23 15 26
$750 to $1,000........... 17 16 7 22 10 18 14 19 18 14 16 13 20 17 19 15 17
More than $1,000......... 14 20 10 19 7 15 10 17 16 5 9 16 N 15 17 8 14
Average.........ooeueuuan 1,347 805 850{1,818{1,561f 1,254 1,831}1,470 7551 6701 526|3,736] 1,161| 1,405 1,266 706(1,487
Median.......ccovoeinnn 600 730 600} 750} 500 700 400! 700 600] 538)] 400} 400 600 600 600 500f{ 600
Respondents.............. 440 50 134] 161 88 348 87) 232 56 43 43 32 61 365 52 39] 329
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Q11, WASTE REMOVAL AND DISPOSAL PROCESSES VYPICALLY USED

(PERCENT OF RESPONDENTS)

SIZE OF THE FIRM
PRINCIPAL TAKE ACTION TO BUILD SUSTAINABLE
FOUR CENSUS REGIONS OPERATION OF THE RESPOND TO |[DEVELOPMENT OR PLAN TO
FIRM BUILDER LAND ENVIRONMENTAL BUILD
DEVELOPER CONCERNS
Total
Less{ 100
Small] Medium|Large| than| lots
North- Land 100 or Currently| Plan| No
east {Midwest{South| West|Builder|Developer lots| more| Yes No building to |plans
: build
Contract with waste
hauler to provide an
on-site dumpster for
alt waste............. 56% 79% 62% L9%| 49% 55% 62% 53X 51% 70X} 55X 72% 48% 57% 59% 63%] S6%
Contract with waste
hauler to provide
waste removal
withoutan on-site :
dumpster.......oceenen 22 8 16 33 18 24 13 23 35 27 7 17 19 23 18 15 24
Waste removal and
disposal with your
crews and equipment... 34 n 32 32 43 36 25 40 33 16 30 19 40 33 43 39 31
Subcontractors are
responsible for waste
removal ............... 16 19 13 15 19 15 19 12 16 32 16 25 15 16 10 12 16
Respondents.............. 445 48 135] 162 94 348 93] 232 55 44 44 36 62 370 51 41 322
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Q12. MATERIALS SEPARATED

AND RECLAIMED FROM WASTE STREAM
(PERCENT OF RESPONDENTS)

SI1ZE OF THE FIRM
PRINCIPAL TAKE ACTION TO BUILD SUSTAINABLE
FOUR CENSUS REGIONS OPERATION OF THE RESPOND TO |[DEVELOPMENT OR PLAN TO
FIRM BUILDER LAND ENVIRONMENTAL BUILD
DEVELOPER CONCERNS
Total
Less| 100
Small| Medium|Large] than{ lots
North- Land 100 or Currently] Plan]{ No
east |Midwest|South| West|Builder|Developer lots| more| VYes No building to |plans
bui td
Cardboard.........ccun... 45% 56% 50% 28X| 59% 47X 374 46% 50% 4TX| 38%] 25X 58% 43% 53% 36%| 44X
Metals.......ooivennnenn. 34 52 42 27 26 36 24 40 31 1" 27 25 55 3 49 48 29
Paint.....covnvennnnnnnn. 23 15 25 24 24 22 28 20 34 26 n 25 37 21 37 28 20
Clean dimensional lumber. 68 37 67 68 81 n 50 73 69 63 50 58 68 68 70 72 68
GYPSUM. . covrveenrannansans 23 4 20 20 36 23 20 20 31 32 19 33 26 21 21 24 23
Treated tumber........... 32 22 32 38 27 33 26 38 19 21 n 33 39 3 30 60 29
PlastiC.c.cvieiennannnans 22 22 22 25 19 22 22 24 19 5 3 17 42 19 42 20 17
Other.....cveveeenannennn 12 22 13 12 9 1" 17 n 9 1M | 1 25 16 12 9 20 12
Respondents........cceun. 287 27 88 97 70 238 46| 176 32 19 26 12 38 242 43 25| 200
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Q13. UAYS TO MITIGATE WETLAND PROBLEMS
(PERCENT OF RESPONDENTS)

SIZE OF THE FIRM
PRINCIPAL TAKE ACTION TO BUILD SUSTAINABLE
FOUR CENSUS REGIONS OPERATION OF THE RESPOND TO IDEVELOPMENT OR PLAN TO
FIRM BUILDER LAND ENVIRONMENTAL BUILD
DEVELOPER CONCERNS
Total
Less| 100
Small]| Medium|Large| than} lots
North- Land 100 or Currently{ Plan| No
east |Midwest]|South| West|Builder|Developer lots| more| VYes No building to {plans
buitd
Avoid wetland............ 85% 74% 87% 89%| 81% 87X 78% 87% 89% 93X} 78X} 79% 78% 86X 80% 674 89%
Mitigation banking....... 1" 9 1" 14 7 9 15 6 9 21 9 23 1" 1 20 17 9
On-site mitigation....... 33 45 25 33 37 23 57 15 30 48 48 67 52 29 35 44 29
Other......coveeeennnnens 2 2 3 2 1 2 3 3 - - 3 2 3 2 4 [ 1
Respondents.............. 393 47 112] 148 81 277 13| 177 46 42 58 43 63 315 51 361 271
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Q14. FEELINGS ABOUT THE SYSTEM OF CONTROLS ON GROWTH AND RESIDENTIAL DEVELOPMENT IN THE AREA WHERE YOU BUILD
(PERCENT OF RESPONDENTS)

SIZE OF THE FIRM
PRINCIPAL TAKE ACTION TO BUILD SUSTAINABLE
FOUR CENSUS REGIONS OPERATION OF THE RESPOND TO DEVELOPMENT OR PLAN TO
FIRM BUILDER LAND ENVIRONMENTAL BUILD
DEVELOPER CONCERNS
Total
Less| 100
Small] MediumiLarge{ than| lots
North- Land 100 or Currently| Plan| No
east {Midwest|South]| West{Builder|Developer lots| more| VYes No building to |plans
bui ld
Too restrictive.......... 56% 80% 45% S4x%| 60% 51% 69% 446% 73% 66kl TV%| 71% 69% 53% 62% S84 S3%
Not sufficient........... 4 2 3 6 3 4 3 5 4 - b - - S 4 5 4
Just about right......... 32 12 39 36 27 36 21 41 16 32 18 24 27 34 30 33 34
NOt SUM€.....covvueenunns 8 [ 13 4 9 8 7 10 7 2 6 4 4 9 4 5 10
Respondents.........c..-. 470 49 132 176 106 343 122 227 56 44 62 45 7 384 53 43 333
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Q15. ENVIRONMENTAL AMENITIES WHICH HOME BUYERS MANT IN A HOME

(PERCENT OF RESPONDENTS)

SIZE OF THE FIRM
PRINCIPAL TAKE ACTION TO BUILD SUSTAINABLE
FOUR CENSUS REGIONS OPERATION OF THE RESPOND TO |DEVELOPMENT OR PLAN TO
FIRM BUILDER LAND ENVIRONMENTAL BUILD
DEVELOPER CONCERNS
Total
Less| 100
Small]| Medium|iLarge| than] lots
North- tand 100 or Currently| Plan| No
east |Midwest|South| West|Builder |Developer lots| more| VYes No building to |plans
buitd
sAllergin-free,
chemical - free building
materials.....occvuene 20% 16% 18X 19%] 26X 22% 12% 23% 15% 264 124 1% 23% 19% 42% 32%] 14%
-Solar heating............ 6 - 8 3 12 7 5 9 2 - 5 8 [ 6 10 8 5
sRecycling containers
built-in....oceevnnnn. 14 8 22 8 18 15 10 19 12 5 5 13 21 13 23 19 12
sAlternative products to
WOOd. . ceinerconcscanas 13 6 14 13 14 13 1 15 10 5 12 1" 15 13 19 22 1
. Increased energy
efficient appliances.. 63 65 64 62 64 66 56 67 56 67 55 50 7 61 75 78 60
. Mater conserving
appliances and
plubing......cccevnnn 43 a7 45 34 54 45 36 48 29 44 33 37 47 44 60 5S4 40
sWooded lOtS....ccvuvnne. 66 65 68 80 40 65 73 67 60 64 74 76 7% 65 60 68 67
Lower density.....oceeuns 52 . 49 45 57 59 52 S8 50 62 49 69 S3 55 52 58 54 53
sBuilding products that * ’
cause no environmental
harm when extracted
from earth............ 1" 16 10 9 12 12 5 12 12 S 10 3 16 10 27 22 7
*Building products that
cause no known
negative health
impact to occupants... 41 43 44 34 53 45 30 43 48 46 33 21 39 42 7 43 37
«Radon resistant
construction
techniques/radon
aba(ement.: ........... 23 49 22 14 28 23 23 264 21 26 17 26 21 24 40 24 21
-Water conserving
tandscaping........... 18 8 1" 18 34 18 19 18 12 26 17 21 24 17 42 16 14
Open SPace......ceevevnse 48 41 50 47 53 43 67 40 50 51 64 n 53 48 50 46 49
‘Hater tiltering system... 19 12 18 22 18 21 9 23 19 13 5 1" 18 19 3 27 16
Other....ccovveeenannnans 4 4 2 5 4 4 2 3 2 10 2 - 6 3 6 3 4
Respondents...........-.. 427 49 130 152 90 332 91] 226 52 39 42 318 62 354 52 37) 310
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Q16. OPINIONS APPLICABLE WHEN YOU DEVELOP LAND OR PURCHASE DEVELOPED LOTS

(PERCENT OF RESPONDENTS)

SIZE OF THE FIRM
PRINCIPAL TAKE ACTION TO BUILD SUSTAINABLE
FOUR CENSUS REGIONS OPERATION OF THE RESPOND TO |DEVELOPMENT OR PLAN TO
FIRM BUILDER LAND ENVIRONMENTAL BUILD
DEVELOPER CONCERNS
Total
Less| 100
Small| MediumiLarge| than| lots
North- Land 100 or Currently{ Plan| No
east |Midwest|South| West|Builder|Developer lots| more} Yes No building to iplans
: buitd
Preserve open space by
building on smaller
tots and/or cluster
development in a
single area........... 34% 33% 34% 2T4{  46% 27% 51% 20% 34% S58%( 46%] 62% 51% 29% 55% SO0X| 27%
Leave as many trees as
possible.............. 89 94 90 94 78 89 9 92 89 75 89 96 85 90 91 87 89
Plant more trees......... 53 33 57 60 45 S0 60 49 51 60 56 68 63 51 64 68 49
Build more energy
efficient homes and
quip them with
energysaving .
appliances............ 55 56 55 55 S4 61 39 65 49 60 36 38 57 54 82 66 50
Make greater use of
recycled materials
when building a house. 16 15 18 13 23 19 10 20 9 23 10 6 19 15 41 29 1"
Minimize site disruption. 67 77 69 67 62 68 66 73 64 55 72 64 75 66 82 87 63
Other....ccovvvveenees 2 - 1 2 2 2 1 1 2 5 - 2 1 2 2 - 2
Respondents......coeeen.. 452 48 134 173 91 324 1264 215 53 40 61 6“7 67 370 56 38| 323
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Q17. BUILD OR PLANNING TO BUILD A SUSTAINABLE DEVELOPMENT
(PERCENT OF RESPONDENTS)

S1ZE OF THE FIRM
PRINCIPAL TAKE ACTION TO BUILD SUSTAINABLE
FOUR CENSUS REGIONS OPERATION OF THE RESPOND TO |DEVELOPMENT OR PLAN TO
FIRM BUILDER LAND ENVIRONMENTAL BUILD
DEVELOPER CONCERNS
Total
Less| 100
Small{ Medium|Large| than| lots
North- Land 100 or Currently{ Plan{ No
east |Midwest|South| West|Builder|Developer lots| more{ VYes No building to |ptans
buitd
Currently building....... 13% 20% 8% 10%] 19% 124 14% 13% 7% 18%]  13%] 3% 20% nx 100% - -
Plan to build............ 10 12 1 10 6 7 17 9 2 3 13 21 13 9 - 100%| -
No plans..... veesseenenes 7 68 81 79 74 80 69 78 91 80 74 67 67 80 - - 100%
Respondents.........cceun 448 50 133] 165 93 337 106] 225 54 40 53 39 64 369 57 441 347
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Q18. CUSTOMERS EVER ASK ABOUT ENVIRONMENTAL FEATURES IN A HOME
(PERCENT OF RESPONDENTS)

SIZE OF THE FIRM
PRINCIPAL TAKE ACTION TO BUILD SUSTAINABLE
FOUR CENSUS REGIONS OPERATION OF THE RESPOND TO [DEVELOPMENT OR PLAN TO
FIRM BUILDER LAND ENVIRONMENTAL BUILD
DEVELOPER CONCERNS
Total
Less| 100
Small]| Medium|Large| than] lots
North- Land 100 or Currently| Plan] No
east [Midwest|South| West|Builder|Developer lots| more| VYes No building to |plans
bui td
often....... Chtereenaaeans 1% 2% 124 11X} 6% 124 8% 15% 5% T4 1% 6% 16% 10% L1% 1% 5%
Seldom............. e 52 54 52 48 57 49 61 48 45 62 62 S8 57 51 44 74 51
Never.....ccoeeveececoann- 38 44 36 41 29 39 31 37 50 n 27 36 26 39 15 16 45
Respondents.........cc..- 440 48 131 159 95 346 89} 234 56 42 45 33 61 368 54 38] 323
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Q19. INTERESTED IN LEARNING MORE ABOUT THE COSTS OF PROVIDING ENVIRONMENTAL FEATURES
(PERCENT OF RESPONDENTS)

SIZE OF THE FIRM

PRINCIPAL TAKE ACTION TO BUILD SUSTAINABLE
FOUR CENSUS REGIONS OPERATION OF THE RESPOND TO [DEVELOPMENT OR PLAN TO
FIRM BUILDER LAND ENVIRONMENTAL BUILD
DEVELOPER CONCERNS
Total
Less| 100
Smalil] MediumiLarge| than| tots
North- tand 100 or Currently| Plan| No
east [Midwest{South| West{Builder|Developer lots} more| Yes No buitding to {plans
build
) (- S RN 44X 44% 42% S1%} 37% 43% 50% 42% 46% 45%} 46%| 60% 53X 43% 63% 61%] 39%
NO...oovennnn Ceeseesacaas 22 22 24 17 29 22 23 23 23 20 27 17 20 22 15 5 26
Maybe.....ccoveienennnnn. 33 34 34 32 34 35 28 35 32 34 27 24 27 35 21 34 35
Respondents............. . 469 50 138 174 100 353 1M1 235 57 44 56 42 64 392 52 44| 337
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Q20. CONSIDER PARTVICIPATING IN A SUBSTAINABLE BUILDING OR BEST WANAGEMENT PRACTICE BUILDING PROGRAM
(PERCENT OF RESPONDENTS)

SI1ZE OF THE FIRM

PRINCIPAL TAKE ACTION TO BUILD SUSTAINABLE
FOUR CENSUS REGIONS OPERATION OF THE RESPOND TO IDEVELOPMENT OR PLAN JO
FIRM BUILDER LAND ENVIRONMENTAL BUILD
DEVELOPER CONCERNS
Total
Less| 100
Small| Medium|Large| than| lots
North- tand 100 or Currently| Plan| No
east [Midwest|South| West|Builder|Developer lots| more| Yes No building to |plans
build
V@S . . curenencasocsnonnnn 28% 20% 28% 32%| 25% 2T% 30% 28% 21% 30%| 26X 4% 42% 25% 49% 45%) 20%
T 33 32 37 26 37 34 29 35 32 23 32 21 23 34 15 10 39
Maybe......ccoceiiiennnan, 39 48 34 62 38 39 41 36 47 47 42 38 35 41 36 45 4
RespondentS.....ccooenuenn 461 50 134| 168 102 351 105 234 57 43 53 39 65 385 53 42| 334
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Q21. LABELED AN ENVIRONEMENTAL BUILDER, WOULD THAT BE GOOD, BAD OR NO DIFFERENCE
(PERCENY OF RESPONDENTS)

SIZE OF THE FIRMN
PRINCIPAL TAKE ACTION TO BUILD SUSTAINABLE
FOUR CENSUS REGIONS OPERATION OF THE RESPOND TO |DEVELOPMENT OR PLAN TO
FIRM BUILDER LAND ENVIRONMENTAL BUILD
DEVELOPER CONCERNS
Total
Less| 100
Small] Medium|Large| than] lots
North- Land 100 or Currently| Plan] No
east |Midwest|South| West|Builder |Developer lots| more| Yes No building to |plans
‘ build
YeS.iiireeercnacannnnannn 58% 60% 59% S7%{ 57T« S56% 64% ST4 54% S5T4] 61X} 73% 67X 56% 75% 68%] S4%
NO..eoverrnsoeacscnnaanns 1 2 1 - 1 1 1 1 - 2 - 2 - 1 4 - -
Maybe.....cooiiecinnnnannn a 38 40 43 42 43 35 42 L6 40 39 25 33 43 21 32 L6
Respondents.........cev.. 469 50 139 169| 104 350 114| 233 56 42 56 44 70 387 56 41| 338
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Q22. MAJOR DRAUWBACKS TO ENVIRONMENTAL BUILDING

(PERCENT OF RESPONDENTS)

SIZE OF THE FIRM
PRINCIPAL TAKE ACTION TO BUILD SUSTAINABLE
FOUR CENSUS REGIONS OPERATION OF THE RESPOND TO |DEVELOPMENT OR PLAN TO
FIRM BUILDER LAND ENVIRONMENTAL BUILD
DEVELOPER CONCERNS
Total
Less| 100
Small| Medium|Large| than| lots
North- Land 100 or Currently] Plan| No
east |Midwest|South| West|Builder|Developer lots| more| VYes No buitding to |plans
build
Not enough information
about or availability
of environemntal
building products..... 38% 45% 40X 364 36% 39% 36% 41% 36% 40%| 38%X| 34% 34% 38% LTX S1X| 35%
Too expensive, making
builders less
competitive in local
market......ccovnennnnn 59 57 59 61 57 60 56 58 &9 62 53 58 49 60 60 56 60
Don't know techniques.... 28 27 29 32 20 28 28 27 31 31 36 18 21 30 25 37 28
Consumers do not care.... 33 47 23 39 27 35 25 33 42 33 19 29 25 34 n 20 34
Consumers not willing to
pay any additionat
COSTuvnnunnncnoancnnas 78 80 75 82 74 79 76 78 75 93 79 74 3 79 75 78 79
Takes more time.......... 20 22 21 19 20 20 20 21 18 24 19 21 24 19 29 20 20
Other....coveeeennncnacas 3 - 2 b 2 3 2 2 4 10 2 3 3 3 4 2 3
Respondents.......... 458 51 132] 168] 100 347 106 232 55 42 53 38 67 378 55 41| 330
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Q23. INTERESTED IN ATTENDING A SEMINAR TO LEARN TECHNIQUES FOR MARKETING THE ENVIRONMENTAL FEATURES OF HOMES
(PERCENY OF RESPONDENTS)

S1ZE OF THE FIRM

PRINCIPAL TAKE ACTION TO BUILD SUSTAINABLE
FOUR CENSUS REGIONS OPERATION OF THE RESPOND TO |DEVELOPMENT OR PLAN TO
FIRM BUILDER LAND ENVIRONMENTAL BULLD
DEVELOPER CONCERNS
Total
Less| 100
Small| Medium{Large| than| lots
North- Land 100 or Currently| Plan| No
east [Midwest|South| West]Builder|Developer lots| more| Yes No building to {plans
bui ld
YeS. i iiennennaaaan 26X 13% 27% 30%} 28% 25% 32% 274 21% 27x} 31X 38% L% 24% 36% 44%)  21%
T 28 29 29 26 29 27 31 27 30 18 29 31 24 29 24 14 30
Maybe.................... 46 58 44 44 42 48 37 46 49 55 40 3 35 a7 40 42 49
Respondents........ IR 468 52 138] 169] 102 355 108§ 235 57 44 55 39 66 390 55 43] 335
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Q24. ANY INTEREST IN PARTICIPATING IN A VOLUNTARY ENVIRONMENTAL CERTIFICATION PROGRAM ?

(PERCENT OF RESPONDENTS)

SIZE OF THE FIRM

PRINCIPAL TAKE ACTION TO BUILD SUSTAINABLE
FOUR CENSUS REGIONS OPERATION OF THE RESPOND TO |DEVELOPMENT OR PLAN TO
FIRM BUILDER LAND ENVIRONMENTAL BUILD
DEVELOPER CONCERNS
Total
Less{ 100
Smatl] Medium|Large| than| lots
North- Land 100 or Currently} Plan| No
east [Midwest|South| West|Builder|Developer lots| more| Yes No building to |plans
build
Very interested.......... 10% 6% 9% 124 13% 9% 146% 1% 4% 9%} W%} 23% 19% 9% 24% 164 8%
Somewhat interested...... 54 53 51 s7 51 54 51 53 59 55 52 53 54 53 49 74 51
Not interested........ “ee 36 42 39 n 36 36 35 35 38 36 38 23 26 37 27 9 40
Respondents....... eeeaas 469 53 138] 169] 102 351 13] 232 56 44 56 43 68 390 55 43| 336




Appendix C: Austin Green Builder Program Brochure

| | ‘Green Builder Program
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A Sustainable Approach
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building encourages
sﬁst?mable communities for a
healthier planet

l Remodel existing structures instead of building new ones.
2 Reduce building size with smarter design.

3 Build homes in town or in areas that already have an
infrastructure of services, such as waler @ electricity,

P o\

to reduce sprawl. W . S 3\

. 4 ' d NOE
" Locate homes for convenierfis

schools, workplaces, ?

5 Locate horne :
types and pn e2

A
v ?

6 Select a location that xi "‘

7 Plan homes in areas where *au!-l

the site or in a nearby commumitE? '
The Green Builder Program gives recogm 10 tw omes that reflect
these principles to encourage homebuyers to ma 2smart purchasing
dec:swns Get With the Program! 4:
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The Program

' The Green Builder Program is the nation’s first

' needs without compromising the ability of

_includes four main areas: -

environmental building rating system. It was

one of twelve winners, the.only one i the
United States, of the United Nations Local . .
Government [nitiatives Honors Program at the -
Earth Summit in Rio de Janeiro. -

A Sustainable Approach
The Green Builder Program goal is to -

influence building practices to become
sustainable:

* Conserve energy, water and other
natural resources.

* Preserve the health of our
environment.

* Strengthen our local economy.

* Promote u high quality of life for
the ditizens of Austin.

Sixst‘ainability
“Sustainability” means meeting our present

future generations to meet their needs.

It means that the actions we take to provide
for food, shelter, clothing, and other basic
needs, must not jeopardize the natural sys-

nature of the interdependence of the human
and natural environment is paramount to
understanding sustainability. -

It is common to look at one part of a home
without considering its relationship to other
parts—for example, how heating relates to
the window size or to the direction the win-
dows face. The fact is, every major part of a
house has some influence on every other
part of the house. The Green Builder

Program looks at the house as a system that

Water, Energy, Materials, Waste -

The Green Builder Program addresses a
small piece of a very large picture, yet it
gives us a chance to promote the idea that
nothing we do happens in isolation.
Connecting building to the local, regional,
and global environment allows other ele-
ments of sustainable community building
(for example, where we build, how large we
build) to fall into place.
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tems that support all life. Understanding the
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Participation

How the Program Works
The Green Builder Program offers a rating
of green homes on a scale of one to four”
stars— the more stars, the more green fea-
tures and systems found in the home. -

Building professionals such as builders,
architects, engineers, trades persons, and -
suppliers receive technical guidance, as well
as marketing assistance, in exchange for
- agreeing to offer and pmmote green building
practices.

 Potential homebuyers are assxsted in learn-
_ ing about the value and availability of green
homes, and are referred to Green Builder

Program members.
The Homebuyer’s Option:

Look for the builders that are participating
in the Green Builder Program. -

Ask to see the items recommended in the
Green Builder Program in the areas of enes-
gy, water, building materials, solid waste, -
and impacts on the community.

Look at the “Big Picture” when makmg
choices for your home.

Ask questions. If your builder doesn thave
the answer or you have spedific questions -
about the Green Builder Program, contact a

_ Green Builder Customer Service

Representative at (512) 499-7827. Or write to:

The Green Builder Program,
Planning, Environmental and Conservation
- Services Department
206 E. 9th Street, Suite 17.102
Austin, Texas 78701

A Sustainable Approach




- Green Builder Prog
One Star j _Two Star

Water

+ Plant buffalo or common bermuda
grass for anv lawn installed in sunny areas

Cos

* All One'Star requirements plus:

* Xeriscape for at least 75% of maintained -
landscape ’

AAAAAA
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N

o 2 ceiling fans

¢ All One-Star requirements plus:

o At least 30 Energy Star points (see list*) * A third ceiling fan

+ 12,0 Seasonal Energy Efficency Rating (SEER) * At least 20 more Energy Star points (total of 30)

minimum efficiency rating of coolin i t .
s ’ § § equipmen * Roof radiant barrier

« Home design and spedifications allow a
mirimum of 600 sq.ft. of living space per ton
of cooling by Manual ] calculation

« Continuous soffit venting plus ridge vent or
other passive venting near the ridge; baffles to

) o ensure air path is unobstructed by insulation
¢ Correctly designed and instailed ducts sealed

according to Mechanical Air Distribution and
Interactive Relationships {MAD AIR) specifica:
tons’ -

* Water heater has a minimum 0.60 Energy
Factor -

¢ East and west walls shaded by trees, arbors,
trellises, etc.

+ . recycled-content materiai *

* All One-Star requirements plus:

+ 2 engineered materials * * A second recycled-content material

o Cabinets sealed inside and out with
water-based sealer; or cabinets made out
of solid wood, metal, or other non out-
gassing material -

« Concrete contains minimum 13% fly ash as a
substitute for portland cement

* No ozone-depleting insulation or sheathing
{no chlorofluorocarbons or hvdrofluorocarbons
- foam products*)

+ Low - volatile organic compound (VOC) paints
and finishes to reduce outgassing of
" unhealthy fumes

Solid Waste

* Recycling center in 6r near kitchen, or a
holding area in the garage or utility room

* All One-Star requirements plus:

» Composting system for kitchen and yard wastes
made at the site or off-the-shelf

'AAAAAAAAAAAAAAA*A@AAAAAAAAAAAAAAA*AA
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ram - Star Ratings

Three Star * Four Star

¢ All Two-Star requirements plus:

- o All Three-Star requirements plus:
* A “water budget” estimate of indoor and

* Rainwater from the roof to irrigate the

outdoor water use (see Sourcebook®) landscape

¢ All Two-Star requirements plus: ¢ All Three-Star requirements plus: »

o Ceiling fans in all main rooms * At least 10 more Energy Star points.

+ At least 20 more Energy Star points (total of 70) {total of 80)

o Minimum of 300 sg. ft. per ton of cooling * Minimum of 1000 sq. 3 per ton of cooling
(or instail minimum 14.0 SEER) (or install minimum 16.0 SEER)

» Water heater provides space heat (“combo”
system); minimum 0.60 Energy Factor and
% recovery efficency

» Solar energy (passive or active) for one of the fol-
lowing: 40% hot water or 10% electricity or 15%
space heat (earth-sheltering may subsnrute)

+ Health risks from electro-magnetic fields
reduced (see S\ourcebook')

.

XAAAAAAAAAAAAAAAAAAAA

o All Two-Star requiremens plus: o All Three-Star requirements plus:
* A third recycled-content material
* A third engineered material

¢ One regional material

* Any dimensional lumber 2x8 or larger is from
a certified sustainably-managed forest*

* A fourth recycled-content material
+ A fourth engineered material

» Non-toxic termite protection
(“Integrated Pest Management”*)

» Low -VOC exterior finishes and paints
* Water-based glues

* No unlined fiberglass material is axposed to
the airstream of the heating and cooling duct
. system

AAAAAAAAAAAAAAA

s All Two-Star requirements plus: * All Three-Star requfrements plus:

« Trees cut at the site used for mulch, fenceposts etc.
(not landfilled)

o Plan for the reduction and reuse of construc-
tion waste written and followed

» Ventilated, lockable cabinet for storage of
hazardous home products such as paint and
pesticides
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‘Where does our water come from?

. The City of Austin gets its water from the =~ <
Colorado River at Town Lake and Lake Austin.

The City has “free” water rights from the State of
Texas up to a total of almost 49 billion gallons of
water per vear. -

How does it get to us?

| Wateris pumped from the river at three water

| treatment plants that have a combined rated -
capacity of 225 million gallons per day. The water
is clarified, chlorinated, and pumped through a
distribution networlcgf 2,700 miles.

HOW IS ITUSED IN . >
OUR HOMES? = .. F

16%

& cooking ]

clothes & dishwashing
, |aw;1s~§.éordens

N
=
[53
Qa
o
»
e
R
2
a
-
e

, Where does used water go?

Three wastewater treatment plants remove bio-
logical contaminants, separate the sludge, and
return the treated water to the Colorado River.

Sludge is composted with leaves and tree trim-.
mings. The final product is called ‘Dillo Dirt and
is sold by nurseries as a soil-enhancement for orna-
mental plants and lawns.

WHERE DOES OUR ENERGY
COME FROM?

Regional ind City peicer plants.
Natural gas :s provided by

25%
orivate atilities.

o]
®

loss 3
!h:my (V]
0.002% 5 §
= 5 2@ —
2 3 ] 3
3 Z Z 3

HOW IS ENERGY USED v~
IN OUR HOMES?

24%
20%

-

Space caoling [I¥]

¢
£
o
£
=
iy
“
3
o
c
g
a
Q.
<

Space heating
Water heating
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Energy Fa. -
* Austin is located in the subtropical region of

Texas, with hot summers and drv winters. The
average annual temperature is 67.5 degrees

Fahrenheit. -

* Austin averages almost 60% sunshine during th:
year, with the lowest ainount (49%) in January ar
the highest (68%) in Atyst. :

3 RS uses 18,83
kilowatt hours ot #ar. This releases

266 pounds of sulphugtli cdeoounds of gitre
gen ox;%?le%po 3 ,»
tons of e&bon ioc%

between shad

This. tr s to a 60%s
effect of the shaded a5
cooling the house.

» An average full-size deciduous tree evaporates
about 100 gallons of water per day. This creates a
cooling effect outside the home equal to four tons
of air conditioning.



Water Facts

4 .—.’_mr‘ uses 27 Jverage ot ‘.13 millien zallons of

winter, and

';‘on Jallons :e' day in the sum-

zer. Total wazer pumpage ‘or Austin in 1996 was
ver 40 miilion zallons. )

» For outdoor ind indoor use combined, the aver-
age Austin single-family household (2.7 persons)
uses 120,000 z2ilons of water per vear. The same
~ousenold in 2 newer nome, duilt to mest the
current plumzing code, uses about 1CC.000 gallons
ser vear. A Green Builder home could reduce this
10 36.0C0 gaiions per vear.

» Austin’s average vearly raintall is 32 inches. A
home with 2C€0 square feet of roof area could
capture more :han 31,000 gallons of rainwater
amuallv—-ar st enouOh to meet the needs of a
sucerior Green Buxlder home!

» Sive dillion zzilons of water are flushed down.
she wotler 22 Zavin the LS. We could save 3.5
culion galizns 2 day, if all totlets met zurrent code.

» Theznerzy v pumps makes the Water
and Wastenzier Svstem the Larges: Sonsumer of

2lecriany inne G v oot Austin.

SEVEN BUILDING PRINCIPLES
T0 CONSERVE WATER

1. Install plumbing fixtures and appli-
untes that conserve water.

2. Plant a water efficdent landscape
(Xeriscape).

3. i landscape watering is needed, use
an effident irrigation system. :

4. Collest rainwater for i lmguhnn und
other uses.

5. lteqde wastewater or greywater for )

irrigation and other uses.
6. Design the landscape to prevent water
from ruaning off the property.

7. Make o water budget fo better under-
stand the amount of water you use and
how yos use it.

VVVVVVVVVYVY

SEVEN BUILDING PRINCIPLES

T0 CONSERVE ENERGY

1. Design your home to use local energy
sourtes like solar, wind, and enrih’
thermal energy.

2. Design to get maximum benefit from
both natural and artificial light.

3. Provide for a healthier indaor environ-
ment through effestive ventilafion and
humidity reduction.

4, Save energy with a tight, well-insulat-
ed strodure and duct system.

5. Install energy-efficient appliances, light
fixtures, and heating and ccoling equip-
ment.

6. Use "waste” heat, such as waste heat
from the air conditioner to heat water.

7. Plant a landscape that reduces heating
and cocling needs.
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| WHERE DOES SOLID WASTE
COMEFROM? o~

food wave
i B
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yard waste




Materials

Natural Resources

¢ Wood for structural material, cabinets, mm.
siding, and numerous other uses

¢ Mined minerals such as copper and.iron for
piping, wiring, fasteners, roofing, and struc-
tural components

"and gravel for concrete, sand for glass, and
gypsum for dr-wall
» Hydrocarbons processed into a large assort-

adhesives, binders, sealers, and finishes -
Recycled Resources

¢ Paper for insujation and sheet materials

» Cardboard for sub-flooring products

. ¢ Aluminum for zoofing

» Steel for nails and framing members

¢ Wood fiber for wall blocks

¢ Plastic tumber

sheet materiais

What do we use?

+ Earth materials including clay for bricks, sand

ment of plastics used in many building mate-
rials, and as important components of paints,

s Agricultural =v-products for insulation and

Where do Austin’s building

materials come from?

* Earth material products such as bricks, con-
crete and stone come mostly from regionat
sources. .

* Ninety percent of the nation’s plastics are

" processed in Texas. ,

* “White” wood lumber products come from
out of state. East Texas is the primary
source for Southern Yetlow Pine, an
extremely strong and widelv used structur-
al lumber. Some local species such as

- mesquite and pecan are harvested for floor-
ing and furniture use.

* Metals and glass come from a variety of
state, national, and international sources.

Where does building
material waste go?

Most construction and demolition building
material waste ends up in landfills. Very little
reuse or recycling is currently practiced, in part

- due to low tipping (disposal) fees in the region.

~

How is solid waste'handled?

Most solid waste goes o landfills. The operating -
landfills in Austin receive 500 tons of residential
garbage each dav. Addizcnal solid waste comes
from private haulers serving multi-family resi-
dences and businesses.

The Hazardous Household Chemical Collection
Facility offers regularly scheduled times to receive
hazardous household waste.

Approximately 24% of Austin’s residential and
commercial waste was '~e.ng recycled in1992.
Residential recycling neariy doubled by 1995, and
commercial recychng has lso sxgmﬁcantly
increased.

Composted sewage sludge is made into 2 larid-
scape fertilizer called ‘Dillo Dirt.

Solid Waste Facts

» Americans generate roughly twice as much
garbage per person as the Western Europeans or
Japanese. :

» Nationally, Americans throw away enough alu-
minum every three months (230 thousand tons) to
rebuild our entire commerdial air fleet.

» Each U. §. ditizen generates an average of 6.2
pounds of waste per day.

» Recycling cuts energy consumption and pollution.
Paper recycling can reduce air pollutants by 75%
and water pollution by 67%; using scrap steel and
iron rather than ore results in an 86% reduction in
water pollution. Recycling aluminum saves 95% of
the energy used to produce it from ore.

> A ton of recycled paper saves 17 trees and three

cubic yards of landﬁil space.
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Building Material Facts

» Aypical 1700 sq. &t wood {rame home requires
the equivalent of clear cutting one acre of forest.

» Construction waste consists mainiv of lumber
and manuzactured wood products {35%), drv-
wall (15%3), and masonrv material (12%). The
remainder is a mix 3f roofing materials, metals,
plaster, plastics, texdles, glass, and. espedially,
cardboard packaging.

» New home construction consumes swo-fifths of
all the lumber and pivwood used in the United
States.

» U.S. citizens spend 30 to 90% of their time
indoors where levels of potentially harmful
organic chemicals in the indoor air may be
much huigher than the levels in outside air.

Note: Green budding peoducts and vracrices should meet
aliap : samd ord . amd shoudd
be seiernively simabuiby oo i provect. )

SEVEN BUILDING PRINCIPLES
.TO CONTROL SOLID WASTE

1. Design for standard-sized materials to
reduce waste.

2. Estimate material quantities accurately.

3. Choose products that avoid excessive
patkaging.

4. Construct u secure space, ventilated

with outdaor air, for household haz-
ardous materials

5. Build a recyding center.in a convenient
indoor location.

6. Provide u composting system for
organic wastes.

7. Recydle ¢onstruction and demolition
waste.
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' SEVEN BUILDING PRINCIPLES
T0 CONSERVE MATERIALS

1. Buy lumber that comes from ecologi-
cally-managed forests.

2. Choose materials that require low
amounts of energy to get from raw
material o delivered product (low
embodied energy).

3. Avoid materials that are toxic (during

production and use) fo people and the
environment.

4. Select praducts that are engiﬁeered fo
save raw materials.

5. Choose products made of recyded and
recycluble materials. )

6. Use locally-produced materials.

7. Use durahle materials.

E




Appendix D: Selections from Environmental Resqurce Guide; , ,, R ¢ port

Light Framing Systems: Wood and Steel%

Highlights and Summary Recommendations

The maiority of houses and small commercial buildings in the United States are
framed with wood. using studs, joists, and trusses or rafters. Because of concerns
about overcutting of forests, unstable lumber costs, and poor lumber quality,
light-gauge steel framing is gaining popularity among some architects and
builders. Use of steel instead of wood raises other important environmental con-
siderations, however. This report compares the environmental impacts of wood
and light-gauge steel as framing materials for residential and small commercial
buildings.
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Light Framing Systems: Wood and Stez!

Comparative Environmental Performance
Light Framing Systems

Environment Health Building
and ecosystems and welfare Energy operation
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Notes
Performance General
Each cell in the above matrix is further explained in the "Environmental impacts”
- good figures in this report.
varies from good to ®Softwoods can be a problem for some chemically sensitive individuals
b reasonably good ®Over time, environmental impacts from high energy use may far outweigh all other
factors.
. reasonably good
Performance Range
® varies from "This range is a function of forest management; higher performance applies when the
reasonably good to lumber used comes from forests that are managed to maintain functions other than
poor timber yield alone, such as ecosystem heaith.
- varies from good to This range depends on proper detailing and building maintenance.
poor 3" Transportation” ranges all depend on distance from the resource.
o poor *This range depends on measures taken to counteract thermal bridging through steel

framing members.

SThis range depends on the particular product chosen: high value applies when
recycled-content XPS is used

=Tris Chaft represents an interpratation of énvirgrmentai impacts :aentified in the material reperts for a generic product
group Beca.se manufactunrg metnLes for orupretary progucts vary, the chart may rot reflect the envirormenta

pertarmance 3t 3 3ven procudt

187



Impact Group

Impact Category

Light Framing Systems: Wood and Steel

Environmental Impacts

Wood Framing

Environmental Impacts

Environment
and ecosystems

Air quality/atmospheric impacts

Water gquality/availability

Land and soil quality/availability

Virgin resource depletion

Biodiversity/habitat loss

Deforestation eliminates an important “sink“of atmospheric
CO,, while well-managed forests help to maintain this sink.

Clear-cutting on slopes and cutting too near waterways
increase siftation of streams and rivers, damaging aquatic
ecosystems.

Logging on steep slopes can cause severe erosion. Plantation
forestry depletes soil and requires fertilizers.

Excessive cutting in natural forests can harm the forest as a
resource.

Well-managed, diverse forests can support biodiversity, while
those managed solely for timber yield may eliminate large
areas of habitat for many species. Plantations do not support
biodiversity or provide wildlife habitat.

Health and
welfare

Worker/installer hea'th

Butlding occupant health—IAQ

Community health and weifare

Sawdust may be irritating. Contact with preservative-treated
wood and breathing its sawdust may be hazardous.

Volatile organics from aromatic wood species may affect
chemically sensitive individuals. Trace toxins may escape from
preservative-treated woods.

Weil-managed forests can support ocal forest-based indus-
tries indefinitely. Otherwise, depletion of the resource can
have severe local and regional economic impacts.

Energy

Production/manufacturing

Transportation

Impacts on operational energy use

Relatively little energy is required for harvesting and for milling
logs. Kiln drying uses the most energy, much of which comes
from burning mill waste (hog fuel).

Usually by train and truck. Energy use depends on distance
from wood supply.

Wood insulates better than most other structural materials
and thus can be used to frame insulated walls, ceilings, and
floors, with only minor energy penalties.

Building Operation

Life expectancy/durability
Maintenance requirements

Reusability/recyclability

Wood can last for a long time as long as it is protected from
extended contact with moisture and from harmful insects.

Wood framing must be kept dry and protected from harmful
insects. Preservative treatments may be needed in some areas.

Wood scraps from new construction and clean used wood are
recyclable into particleboard or lower-value products, such as
mulch. Lumber is sometimes salvaged for reuse.
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-gnt Framing Systems.

Environmental Impacts

Lgrt Gauge Stee!

Wood and Stea:

Figure 3: Environment;l lmpacts—ught g,aqgeXStee}

(Consmuents kon ore, bmest <08l

Impact Group

L XEA

Impact Category

cra stpef ntckel andothemxefaif}1 "

Environmental Impacts

Environment
and ecosystems

Air qualit/atmespherc impacts

Vater gquality/avaiiability

r‘
Y

anC son quality/avelabnity

Y rgon rescurce Zepieton

Bicdiversity/ranitat Icss

Fuel combustion emissions from energy use at all stages. Similar
air emissions, along with ammonia and dust, from coking ovens.

Contaminated runoff from mine tailings delivers toxins to lakes
and rivers. Significant water use to guench coal after coking, and
10 ninse steel during galvanizing and finishing

Severe erosion and solid-waste problems at some mining sites for
iron ore, imestone, and coal

Domestic suppies of steel’s major constutuents are all plentiful in
Urited States. Nickel and certain other metals are largely
imported. Light-gauge stee! typically contains 20 to 25% scrap,
about 14% of which is postconsumer. Steel from a small fraction
of manufacturers can contain up to 95% recycled content.

Mining of iron ore, limestcne, and coal causes severe
environmental disruption, but to limited areas.

Health and veoreersrstailer neaith worker safety 1n steel making can be a concern
welfare
Buloing cccupant health—iAQ Steel framing does not offgas, so its impact on indcor air quality
regligiole
Commurty hea'th and welfare
Energy Proouct er/menutaciarrs Steel s relatively energy intensive to produce, requinng about

Transpor:aticn

19,200 Btus per pound (44,660 kiojoules per kilogram) of
oroduct.

Usually by train and truck. Energy use depends on distance from
raw material supply and from steel mill.

Used i the extericr walls, cellings, or floors, steel framing
members can compromise the thermal integrity of the building
envelope.

Building operation

‘e exgceCtancy/duratiiity
Naintenance reguirements

Re.sabotyiraqviatty

Very good If prctected from corrosion.
Little or no maintenance required.
Steel is easily secarated magnetically and recycled into new steel.

Overail, as mucr as 50% of the steel produced 'n the United
States 1s regycan
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Figure 4: Environmental Impacts:
(Constituents: iron ore, Timestone, coal; zinc,

Impact Group

Impact Category

Light framing Systems: Wood and Steel

Environmental Impacts
Steel Fasteners

LH A A

Environmental Impacts

Environment
and ecosystems

Air guality/atmospheric impacts

Water quality/avaiiability

Land ard soil quality/availability

Jirgin resource depietion

Bicdiversity/habitat loss

Fuel combustion emissions from energy use at all stages. Similar
air emissions, along with ammonia and dust, from coking ovens.

Contaminated runoff from mine tailings delivers toxins to lakes
and rivers. Significant water use to guench coal after coking, and
to rinse steel during galvanizing and finishing.

Severe erosion and solid-waste problems at some mining sites for
iron ore, limestone, and coal

Domestic supplies of steel’s major constituents are all plentiful in
United States. Nickel and certain other metals are largely
imported. Steel fasteners often contain up to 95 percent recycled
content.

Mining of iron ore, limestone, and coal causes severe environ-
mental disruption, but to limited areas.

Health and
welfare

Worker/installer heaith

Builcing occupant healtn—IAQ

Community heaith and weifare

Worker safety in steel making can be a concern.

Negligible impact.

Energy

Producticn/manufacturing

Trarsportation

Impacts on operational
energy use

Steel is relatively energy intensive to produce, requiring about
19,200 Btus per pound (44,660 kilojoules per kilogram) of
product.

Usually by train and truck. Energy use depends on distance from
raw material supply and from steel mill.

Minimal. Large fasteners extending through the building
envelope can slightly compromise thermal integrity.

Building operation

Life expectancy/durabiity
Maintenance requirements

Reusability/recyclability

Good except where subject to corrosive conditions.
Little or no maintenance required.

Steel is easily separated magnetically and recycled into new steel.
Fasteners must be collected separately to be recycled.
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Light Framing Systems: Wood and Steel

Recommendations for Architects

STEEL
JoisT

CONTINUQUS
RUNNER

Figure 5: Interior Steel Stud Framing.
(Reprinted by permission from Architectural
Graphic Standards, page 262, 9th ed. Copyright
1994 by John Wiley & Sons, inc.)

NO HEADER N
NON-BEARING
WALL

SINGLE TOP PLATE
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AT JUNCTIONS

HEADER HANGERS
INSTEAD OF JACK
STUDS

INSULATED HEACS

T - SINGLE STUD AT
ROUGH OPENING

TWO OR THREE-
s STUD TORNERS

Figure 6: Reduced Use of Wood in Framing
(Courtesy of NY-STAR, inc. All rights reserved)

Recommendations for Architects

Below are some guidelines for choosing between wood and steel as framing sys-
tems and for reducing the environmental impact no matter which material is
selected. Many of these recommendations are further explained in the life-cycle
narratives that follow.

Choosing a Material

+ Where wood is available from a certified well-managed forest, using it is
not only less damaging but also may actually have a positive environmental
impact. To ensure that the source is well managed, choose wood certified
by an independent, third-party certifier recognized by the Forest
Stewardship Council.

Air-dried lumber has lower embodied energy than either steel or kiln-dried
tumber. It should be specified if available with a suitably low
moisture content.

Consider specifying engineered wood members in place of large-dimen-
sion joists, rafters, or beams, which come from increasingly rare,
old-growth trees.

Consider specifying finger-joined lumber instead of solid studs, as finger-
joined lumber uses the wood resource more efficiently—and usually
performs better.

Consider specifying steel for interior framing and wood for exterior fram-
ing. Using steel for interior walls avoids the thermal bridging problem, and
thinner (~25 gauge) studs for non-load-bearing applications use less steel
per member. They are also easier to work with than load-bearing
18- or 20-gauge steel (see figure 5).

Where high moisture or wood-destroying insects are a problem, use steel
or preservative-treated wood. The additional environmental burden of the
preservative treatments usually makes steel environmentally preferable.
Consider safer borate-treated wood where framing will be protected from
the elements.

Among exterior rigid insulation materials, rigid fiberglass and expanded
polystyrene (EPS) are environmentally preferable to extruded polystyrene
{XPS) or polvisocvanurate, because the former are not made with HCFCs,
which deplete stratospheric ozone and are believed to contribute signifi-
cantly to global warming.

Reducing Material Use

*Avoid “overbuilding” or using more wood than necessary. Framing at
24 inches 1600 millimeters) on center saves wood and improves the ther-
mal performance of the building envelope. Corners and rough-openings in
walls are also frequently overbuilt {see figure 6).

Steel-framed exterior walls should be constructed at no less than 24 inches
on center. Some pre-engineered packages allow even wider spacing. With
steel tframing, fewer studs mean less steel, which saves resources and, more
importantly, reduces thermal bridging.

With either material, design ceiling heights and room widths to make opti-
mal use of standard framing member dimensions, which are usually in
2-foot (600-millimeter) increments.

Minimize long clear spans in floor and ceiling framing as these require
much more structural material than shorter spans.
Using Materials Wisely

* Do not specify steel tor exterior wall traming without taking measures to
control thermal bridging. When comparing framing systems, consider the
environmental impact of these measures, which may require additional
materials (see figure 7.
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Light Framing Systems: Wood and Steel

Steel structural systems need not follow the model of wood framing, with
studs and joists every 16 or 24 inches (400 or 600 millimeters). Consider
alternative framing systems that might avoid the thermal bridging problem
and make more efficient use of the steel.

Specify only low-cost, conventional cavity insulation when framing with

steel. The advantage of thicker walls or higher-density insulation drops off

quickly when the walls are being thermally short-circuited by steel studs.
Create the minimum cavity you need for structural and utility purposes,

"and install insulation to ll the cavity (using full 24-in. batts, not the more

common 2212-in. batts). Specify insulating sheathings to cover the steel
studs with a complete layer of insulation.

Don't fasten insulating sheathing directly to the studs with metal connec-
tors. Screws or other fasteners will continue the thermal compromise of the
stud, reducing the effectiveness of the insulation. Instead, specify that
plywood or OSB sheathing or wood strapping be installed on the studs,
and fasten the insulation to the panels or strapping.

Recommendations for Architects

Rt

INTERIOR FINISH

INSULATION

Ay

STUDS

/
e /

INSULATING
SHEATHING

CONTINUOUS
RUNNER

CONCRETE FOUNDATION

Figure 7: Exterior Steel Stud Framing

When using steel framing in exterior walls, add
insulating sheathing to reduce thermal transfer.
(Reprinted by permission from Architectural
Graphic Standards, page 263, 9th ed. Copyright
1994 by John Wiley & Sons, Inc.)
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Appendix E: Common Indoor Air Pollutants

Indoor pollutants and toxins

Substance Biological effects
GASES ] :
Ozone (O;) Unstable, poisonous gas with penctrating odour; protects the Oj Decays rapidly into oxygen, but even small

carth from dangerous UV radiation. Also generated by photocopicrs: expos-
ure of polluted air to UV radiation; appliances with brush-type motors.
Radon (Ra) Colourlcss. odourless, practically incrt gas, present in certain
geological arcas. A scrious contaminant which is carried into the home via
dust. watcr, natural gas, and somc building matcrials.

amounts are serious irritants to eyes, nose,
throat, and respiratory tract.

Radon inhalation damages lung tissues and
long-term exposure is linked with cancer.

COMBUSTION GASES

Carbon monoxide (CO) Colourless, odourless, poisonous gas (rom
incomplcte combustion in gas flames, wood. coal and tobacco smoke, vehicle
exhausts.

Nitric oxide (NO) and Nitrogen dioxide (NO,) Strong-smclling toxic
gascs from incomplete combustion of gas flames via cookers and boilers.

Sulphur dioxide (§O;) Pungent gas present in coal and wood smoke, and
emitted by paraffin (kerosmc?hcncrs‘ SO; was once responsible for urban
smogs: now it produces acid rain.

Carbon dioxide (CO;) Colourless, odourlcss;as. A combustion product of
bottled gas heaters. It is responsiblc for stale and stufTy air in poorly ventilated
rooms.

CO reduces absorption levels of oxygen,
causing headaches, dizziness, nausea and Joss
ol’aprdite. Those with heart, lung, and
circulation disorders are most susceptible.

NO; is the most toxic of the nitrogen oxides,
affecting the respiratory system.

SO; rarely occurs at dangerous levels but it
can exacerbate breathing difficulties.

CO, Continuous exposure may affect the
central nervous system and slow down
reactons.

VOLATILE ORGANIC COMPOUNDS (VOCs)
Formaldehyde (HCHO) Binder and preservative with a pungent odour. At
room tempcratures, toxic vapours are released that contaminate the air.
Widely used as 2 bonding agent and adhesive in timber and plastic products; a
preservative in paper products, carpeting, furnishings; a finish for clothing
and bed linen. Sccurs in combustion byproducts from cooking and heating
appliances, as well as in tobacco smoke brca-formaldehydc foam insulation
(UFFI) foam used prior to mid 1970s is particularly hazardous.

Otimochlorines Compounds of hydrocarbons and chlorine, which form
the basis of many synthetic chemicals. Found in vaporous cleaners, air
fresheners, polishes. Organochlorines are the most toxic and persistent of
YOCs. They include polychlorinated biphenyls (PCBs), known
carcinogens; polyvinyl chloride (PVC), a plastic that can offgas into stored
food; chloroform and chloramines, both toxic gases. Chloramines are
released when houschold blcach and ammonia-bascd cleaners are mixed
together. Other hazardous VOCs include ammonia, turpentine, and acetone
in cleaners and solvents; naphthalene in moth balls; chlorine in bleach.

Phenols or carbolic acids are caustic contaminants found in disinfectants,
resins, plastics, and tobacco smoke. Phenolic synthetic resins in hard plastic,
paints, coatings, and varnish contain formaldchyde. Never inhale
pentachlorophenol found in wood prescrvatives and fungicides.

Formaldehyde is a potent irritant to skin,
eyes, nose, and throat with accompanying
headache, dizziness, nausea, and breathing
difficulties. It may cause nosebleeds. Suspected
carcinogen. Chronic exposure to UFFI
vapours causes depression and triggers
chemical sensitivity.

Pungent vapours from volatile organic
compounds are serious irritants to skin, eyes
and lungs; they cause headaches and nausea
and damage the central nervous system. All
are potentially carcinogenic. Organochlorine
vapours in solvents, pesticides, and cleaning
fluids irritate skin, cause depression and
headaches, and may damage liver and kidneys.
Chloramine can be deadly.

Phenols are corrosive to the skin and damage
the respiratory system.

PARTICLES

Asbestos Naturally occurring hazardous fibre mined from calcum magnes-
wm silicate, used in insulation and firc-proofing. Banned in many countries.

Microorganisms present in dust include discase~arrying bacteria and
viruses, plus moulds, spores, and pollen.

Moetals Trace elements from lead, cadmium, mercury, aluminium, and
copper can be absorbed and accumulate to toxic levels in the body. Lead is
present in old water pipes, exhaust fumes: lead and cadmium in paint;
mercury in tinned tuna; aluminium is absorbed into food from cook ware.

Airborne asbestos fibres are a serious health
risk causing asbestosis and cancers.

Microor

nisms spread infections and
diseases.

ey also cause allergies.

Lead ind cadmium can damage brain and
nerve tissues. Cadmium:-can also affect
vision. Toxic levels of metals in the body give
rise to headachces and breathing troubles.

Reprinted from The Natural House Book, David Pearson, Simon & Scbuster.
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Responding to pollutants

Source

Hazards

Action

Heating systems
Paraffin (kerosene) and boteled gas
hcaters.

Carbon monoxidc, nitrogen
dioxidc, carbon dioxide,
sulphur dioxide.
Condensation.

Do not use. If unavoidable, usc for short periods
only. Ventilate well.

Gas rangus, furnaces, and water heaters.

Carbon monoxide, nitrogen
dioxide, carbon dioxide,
sulphur dioxide. Leaks from
pilot lights.

Vent all gas appliances to the outside. Replace
with clcctrica? modls, or choose gas furnaces

with scaled combustion chambers. Buy piloticss
gas appliances. Have burners regularly serviced.

Qil fumaces.

Combustion byproducts;
vapours from spillage.

Ventilate to the outside. Replace with clectrical
heating system, or scal boiler room from house.

Wood stoves and fircplaces; coal fires
and furnaces.

Carbon monoxide, smoke,
benzopyrene.

Have flucs regularly swept and checked. Seal
chimney cracks. Inseall are supply direct to
fircplace.

Electricity

Elcctrical wiring and appliances (TVs,
VDUs, food processors, blenders,
mixers, power tools, hair driers,
photocopicrs).

Low-level clectromagnetic
radiation. Ozone.

Usc less electrical equipment and keep it away
from slceping spaces. Ensurc protective wiring
and devices are fitted.

Refrigerators.

CFCs released from coolant
system.

New CFC-free modcls being developed.
Mcanwhile usc a pantry.

Microwave ovens.

Radiation through ill-fitting
doors.

Usc other fast cooking micthods (c.f. ressure
cookers). Have ovens checked regularly.

Fluorcscent lighting (old fitment).

PCBs from rapid start ballasts.

Replace old fitments. ~ Use
incandescent or halogen lamips instead.

Water supply

Lcad and other heavy metals

from pipes. Nitrates and other
trace pollutants and chemicals.
Bactenia and radon in showers.

Remove Icad pipes and thosc with lead-soldered
joints. Have water tested.

Air
Air—conditioning and ventilation
systemis; humidificrs, heating ducts.

Airborne microorganisms,
fungi, bacteria, moulds. CFCs
rclcascd from some systems.

Maintain comfortable indoor humidity; ventilate
to the outside. Have mechanical systems regularly
checked.

Construction materials

Earth, stonc, granitc, pumice; concrete,
ccment, fired bricks, aggregate blocks
and tiles made from alum shale, caleium
silicate slag, and uranium minc trailings.

Radium, radon. Concentration
varics according to locality of
source.

Contact local health and safety authoritics for
information on radon concentrations. Where

necessary, scal cracks in building foundations.
Increase ventilation to the outside.

Plaster, coment, and plasterboard made
from phosphogypsum.

Formaldchyde. May contain
high levels of radon.

Usc natural gypsum plasterboard or lime plaster.

Asbcstos, insulation, and firc-proofing
materials around pipes, boilers, and
tanks; roof and floor tiles and boards.

Minute mincral fibres; blue
and brown asbestos is more
dangcrous than white.

Asbestos is now banned in many countrics, but is
still found in older houscs. Do not disturb or
remove flaking asbestos; scek expert advice.

Urca-formaldchyde foam insulation
(UFEF1) for cavity walls.

Formaldchyde.

Banned in the US. Have indoor air tested. I
found. scck specialist advice.

Timber and timber products
Pincwood, spruce, and other conifer
wood.

Resin vapours.

Usc older, recycled wood or other solid lumber.
Scal with nontoxic finish.

Chipboard, fibreboard, hardboard,
particle board, plywood: uscd in
furniture, units, shelving, floor decking,
and wall finishes.

Formaldchyde vapours from
resin binder, especially when
roduct is ncw, and in hot,

gumid climates.

Usc solid lumber or “low-cmission™ formalde-
hydec boards Buy solid wood or
rattan, bamboo, and wicker furniture.
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Source Hazards Action

Timber treatments. Lindane, pentachlorophenol Avoid these toxic insecticides and fungicides.
(PCP), tnbutyl tin oxide
(TBTO).

Fabrics and fibres

Synthetics (¢.g. polypropylenc and
polyester used in carpeting, underlays,
upholstery, bedding, clothes).

Formaldehyde vapours. Also
insecticides, soft plastics, flame
retardants, crease and stain
repellants.

.Avoid synthetic products, especially wall-to-wall

carpeting. Use natural, untreated materials such
as cotton, linen, wool, burlap. Wash before use.

Feathers, down, hair.

Allergics in sensitive people.

Use natural latex pillows, mattresses, and
cushions. Protect with close-woven, natural
cotton.

Paints, varnishes, stains, removers
Used throughout the home on walls,
floors, ceilings, woodwork, furniture.

Volatile organic compounds
(VOCs). Toxic vapours and
odours in drying: paint
removers are the most toxic.
Added fungicides and
insecticides. Metals.

Avoid fetrochemical zints: if you must use
them, keep windows E.llly opcx}: and allow Elenty
of time for the paint to dry before reusing the
room,

Adhesives

Adhesives, glucs, and mastics: used for
wall and floor tiles, furniture assembly,
weather scaling, wallpaper paste.

VOCs, notably formaldchyde.
Toxic vapours during
application and drying.

Usc traditional nonchemical glues or water-based
acrylics with low solvent content.

Metal products
Cookware, paints, pipcs, structural
uses, furniture.

Leaching of trace clements into
water - icad, cadmium,
mercury, aluminium, iron,
magnesium, copper. Lead and
cadmium are ingredients of
paints. Aluminium in
cookware can leach into food.
Mctal fumniture springs can
distort clectromagnetic ficlds.

Use natural paints
Change to stainless steel, glass, or
enamcl cookware.

Plastics
Foam filling in chairs, mactresses,
cushions, and pillows.

Polyurethane: serious fire
hazard.

Banned in UK and other countries. Use safe
alternatives.

Viny! plastics in loor and wall diles,
rical equipment, imitation wood
panclling, wallpapers.

Formaldchyde and other toxic
vapours. Vinyl chloride.

Use natural alternatives.

Acrylics used in imitation glass sheets,
wrappings.

Toxic vapours. Suspected
carcinogens.

Avoid: even small amounts can be dangerous.
Usc safe alternatives.

Soft plastics (thermoplastics) used in
numerous houschold products (c.g.
food packaging and storage).

Vapours, especially in hot
conditions. Eood
contamimnants.

Use natural alternatives such as cellophane or
greaseproof paper. Store food in glass,
carthenware, or china containers.

Household maintenance

for ovens and carpets, polishes,
bleaches, disinfectants, detergents, air
freshencrs, personal hygicne products.

Formaldehyde. Phenols, vinyl
chloride, aldehydes, benzene,
tolucnie, ketones, ammonia,
chlorine, lye. All are highly
irritant toxic if swallowed.
Acrosol sprays with CFCs.

Use natural alternatives and home remedies.

If you must use chemical cleaners,
wear %’loves and protect skin from splashes. Store
in a safe place away from children. Venalate to
the outside.

Pesticides and fungicides

Toxic - irritants and possible
carcinogens.

Practise biological pest control.

Reprinted from The Natural House Book, David Pearson, Simon & Schuster.
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Appendix F: Interview Notes and Survey Summaries

Interviews are listed in order by interviewee’s last name.
Survey summaries follow.

Interviewee: David Adamson
Company: Eco-Products
Role: Owner

and

Interviewee: Christopher Pre