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ABSTRACT
The homebuilding industry has held a dominant presence in the U.S. economy over the past century.
It has been a source of profit, shelter and jobs for countless Americans. In order to meet the needs
of an ever-burgeoning population, the industry itself has grown into a complex and vast linkage of
developers, designers, contractors and regulatory officials whose job it is to build the houses that
most Americans live in. Yet the growth and success of the homebuilding industry in America has not
come without repercussions. Today, more than ever, we are cognizant of the environmental impacts
that the homebuilding industry is having on our physical landscape and our natural resources. As a
response to this cognizance, there has been a growing movement towards less environmentally
harmful methods of design and construction. Many, if not most, of these methods require substantial
changes to the way the industry currently builds homes. In this sense, they are considered innovations.

This thesis will provide an illustration of the process of innovation and how it diffuses throughout an
existing industry in addition to recapping historical arguments for why the U.S. homebuilding
industry has long been characterized as resistant to change. The industry, however, is currently
witnessing several trends which begin to refute the notion that homebuilding is change-resistant.
These trends and the effects that they are having on large scale production homebuilders, what I will
refer to as mega-production builders, are leading to a period in which this ever-growing segment of the
industry will be ripe for more innovative practices. To test this hypothesis, I have undertaken a case
study of two divisions of America's second largest homebuilder, Pulte Homes. The Las Vegas
Division, through their partnership with the Department of Energy's Building America Program, is
building more energy efficient homes largely through incremental product and process-based
technologies. The Washington D.C. Division is pursuing more radical and systemic innovations
through component manufacturing processes entirely independent of any government or third-party
partnerships.

This thesis finds that while both divisions have been largely successful to date, the potential for
growth lies in the more systemic innovations being pursued in the Washington D.C. Division of
Pulte because these innovations are more strongly tied to Pulte's national agenda for expansion and
can be improved upon more easily than the more incremental innovations pursued by Las Vegas.
Furthermore, this thesis finds that the disconnect between design and engineering currently exhibited
by most large production builders is a detriment to the adoption of more innovative practices and,
finally, that government programs designed to foster innovation in homebuilding should focus more
on small regional builders, corporate decision makers and product manufacturers as opposed to the
independent operating divisions of large production builders.

Thesis Advisor: Eran Ben-Joseph
Title: Associate Professor of Landscape Architecture and Urban Planning,

Department of Urban Studies and Planning
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Introduction

Housing has long been recognized as a vital component of this nation's economy. The

bundle of goods and services which go into producing and maintaining our housing stock

typically accounts for 20% or our gross domestic product.' There are close to 120 million

homes in our stock of housing and that number is projected to grow, on average, by about 2

million every year for the next ten years.2 While the housing industry often falls victim to

the cyclical nature of the economy, America's growing population, now augmented by

tremendous increases in immigration, is expected to fuel a growth industry for years to

come. This strong industry provides a wide array of jobs for a list of trades which is too

broad and diverse to list here, but includes architects, planners, contractors, subcontractors,

building material manufacturers, and developers. As housing production continues to grow,

it benefits all of these professional endeavors.

Yet, the contemporary homebuilding industry is a cause of concern for many in this country.

Depleted natural resources, rising energy costs, the adverse health effects of toxic building

materials and a loss of open space have caused some to raise a watchful eye on an industry

which is clearly having an increasingly negative impact as measured by a host of

environmental indicators. In their drive to increase profits and survive in a ferociously

competitive industry, most homebuilders don't account for the environmentally deleterious

impacts of both their construction processes and their finished products.

These concerns have given rise to a wide constituency of advocates for more

environmentally sound building practices. Their efforts have been felt from the highest

reaches of the federal government to local city councils in small towns all across America.

They make strong arguments for such things as the construction of enery eficient homes, the

use of renewable resources in homebuilding, improved indoor air qualiy and the recycling and

reuse of constmction waste; and while there is growing acceptance for sustainable design and

construction practices in the homebuilding industry, the integration of such practices is still

far from widespread.

The strategies for decreasing the environmental impact of the homebuilding industry can be

broken down into the four main categories mentioned above: energv eficieng, resource and



material efficieng, construction waste minimization and indoor air quali. Energy efficieng is one of the

primary concerns for homebuilders and consumers today. The increased amount of

electronic equipment and climate control technologies in our homes has correspondingly

increased the energy consumption of those structures. Taking measures to improve energy

efficiency in a home and its appliances could greatly reduce the lifecycle impact of those

home's operations. Resource and material eficieng have also become primary concerns as we

have increasingly recognized the finite limitations on many of the raw materials which go

into constructing and operating most American homes. Analogous to resource efficiency is

the implementation of construction waste minimization practices. The modern residential

construction site produces exorbitant amounts of waste, much of which is recyclable but

ends up in landfills none-the-less. Finally, indoor air quali has become a growing concern, as

the use of toxic materials in poorly ventilated structures is causing adverse health impacts for

a growing number of residential homeowners.

There are multiple reasons for why more sustainable practices in each of these categories

have not been widely adopted, first and foremost among them would be the fact that to

build in a more environmentally sensitive manner requires a substantial number of trades in

a historically change-resistant industry to adopt "ideas, practices or objects that are perceived

as new by an individual or other unit of adoption."3 It requires, in essence, the process of

innovation and the diffusion of innovation throughout the industry and it is this process

which is largely the crux of the dilemma. This thesis will deal directly with that issue.

Hypothesis and Questions

The hypothesis of this thesis is that there are particular structural trends in the American

Homebuilding industry today which are leading to a period in which the industry, itself, will

be bifurcated into mega-production builders and, smaller, regional and local entities. While the

smaller homebuilders will continue to exhibit many of the traits which have led researchers

to characterize the industry as resistant to change, the mega-production builders are entering a

period in which they will be ripe for more innovative practices. Corollary to these concepts

is the fact that the U.S. government continues to dedicate tremendous resources to fostering

innovation in homebuilding and that many of its programs are wholly geared towards

addressing those very traits which have made American homebuilders resistant to change.



This thesis proposes that mega-production builders are, indeed, adopting more innovative

technolgies which stand to remediate the environmental impacts of their practices and that

the aforementioned government programs, while entirely successful to date, will need to

either adapt to the new dynamics of the industry or shift their focus to the smaller local and

regional builders which will continue to occupy a sizable portion of the U.S. Homebuilding

industry. Therefore, my questions are as follows:

Are current trends in the production homebuilding industry creating an environment in
which large production builders are "ripe"for more innovative practices which could
lessen the environmental impact of theirproducts and processes and what might some of
the remaining obstacles to innovation be for these builders?

Are contemporay governmentprograms, designed tofoster innovation in homebuilding,
going to be successful in dealing with the two different segments of the homebuilding
industr - the mega-production builders and the smaller rgional and local entities- as
they continue to evolve?

To answer these questions I have researched two divisions of one of America's largest

homebuilding corporations, Pulte Homes. The divisions which I have chosen to study have

both made efforts to incorporate innovative practices and technologies into their operations

and in both of the case studies these innovations and technologies have lessened the

environmental impact of the homebuilding process and the homes themselves. That said, the

case studies are very different in nature. One is extremely localized, heavily dependent on the

assistance of government programs and strives to improve upon existing building practices

without calling into question the fundamental manner in which homes are built. The other is

a more centralized effort being propagated by Pulte's national headquarters and has led to

systemic changes to traditional homebuilding practices by utilizing more industrialized

technologies to build the shell of a home in a factory setting.

Pulte Homes was chosen as the builder for this case study for two primary reasons. First of

all, they appear to be the most active of the large production builders in the Department of

Energy's Building America Program, having used the public/private partnership (which will be

explained in more detail later in this thesis) to improve the energy efficiency of homes in

several of their divisions across the country. Secondly, the company has aggressively pursued

more industrialized manufacturing techniques through the development of the Pulte Home



Science division (which will also be explained in more detail later in this thesis). The fact that

both of these practices are being pursued by one builder allowed me to work with a single

entity to study two very different approaches to homebuilding which greatly eased my ability

to conduct the interviews upon which a large portion of my case studies are built. While

focusing on a single builder makes it difficult to extrapolate conclusions to the industry at

large, it will allow a glimpse into some of the evolving dynamics of this particular sector of

the production homebuilding industry. The chapters of this thesis will be organized as

follows.

Chapter Outline

The first chapter of this thesis will provide an overview of innovation and the process

through which it is diffused in an existing industry. This chapter will illustrate a theoretical

framework for a subsequent investigation into why sustainable design and construction

practices have yet to achieve widespread acceptance. It will be important to provide a variety

of definitions in addition to explaining both historical models of innovation and more

contemporary adaptations of those models which are better suited to deal with the

complexities of contemporary production industries like homebuilding. This chapter will

also illustrate key differences between the concepts of sustaining and disruptive technologies

and how such technologies interact with existing industry structures.4

The second chapter of this thesis will take the theoretical foundation of the first chapter and

apply it to the homebuilding industry. It will provide an overview of the few studies which

have attempted to quantitatively address the diffusion of innovation in the homebuilding

industry in addition to addressing the numerous studies which have illustrated traits specific

to the industry which have led it to be characterized as "backwards" and "change-resistant."

Having illustrated some of the obstacles to innovative practices posed by the industry

structure, the chapter will then illustrate past government efforts toward fostering innovation

and its diffusion in homebuilding. The Federal Government has a long and storied history in

its relationship with the homebuilding industry, and this chapter will not attempt to recount

that history in its entirety.' Instead, it will deal directly with those programs designed to

foster and promote innovative practices in the industry through public/private partnerships,

specifically: Operation Breakthrough and the Building America Program.



The third chapter of this thesis will focus on the contemporary production homebuilding

industry, paying specific attention to the increasing presence of what I will call the mega-

production builder, those large publicly traded corporations which are producing well in excess

of 25,000 houses a year and operating in real estate markets all across the country. It is here

that I will illustrate several trends which discredit previously accepted notions as to the

"backwardness" of the production homebuilding industry in addition to presenting the

argument that the homebuilding industry is entering a period in which mega-production builders

will have a distinct competitive advantage in the market place and will be "ripe" for the types

of systemic innovations which have traditionally eluded it.

The fourth chapter will deal specifically with my case study of two divisions of the second

largest homebuilder in America, Pulte Homes: the Las Vegas division and the Washington

D.C. division. These divisions are illustrative of two very different approaches to innovation

in the production homebuilding industry, one which may be considered incremental in nature

and the other which is clearly systemic. In Las Vegas, Pulte is an active partner in the Building

America program, whose ultimate goal is to reduce energy consumption in residential

construction by upwards of 60%. It should be noted that, of the mega-production builders, Pulte

has been the most aggressive with the Building America Program, utilizing the

public/private partnership to increase the efficiency of 24 subdivisions in Las Vegas alone by

making subtle alterations to the way "stick-framed" houses are built.6 In a very different,

and more systemic approach, in the Virginian suburbs of Washington D.C., Pulte has created

a specific arm of their company referred to as Pulte Home Sciences which has constructed a

factory and is now prefabricating foundations, floors, interior and exterior wall systems for

assembly in four subdivisions in the Washington D.C. metropolitan market. The case studies

will rely most heavily on industry trade journals in addition to interviews with individuals

directly and peripherally involved with both divisions in an attempt to illustrate the successes

and failures of both approaches.

Based on the findings of these case studies, the final chapter of this thesis will evaluate the

successes and failures of these two different approaches to innovation and to gauge what the

long term obstacles towards widespread adoption of either approach might be. It is



important to bear in mind not only the current accomplishments of each approach but also

the ability of either process to grow and further reduce the environmental impacts of

homebuilding. Some of these findings include:

1. Current trends in homebuilding are, indeed, creating a bifurcated industry with two distinct sectors-
the mega production builders and smaller regional and localfirms.

2. Some of these trends, including code consolidation, increased siZe &profitabiliy and vertical
integration are creating an environment in which the mega-production builders have a distinct
competitive advantage and will be ripefor more innovative practices in theyears ahead.

3. Private sector partnershps, like some of those illustrated in this thesis, which create value for
builders, product suppliers and homebuyers can be a strong catalystfor more innovative practices
designed to lessen the environmental impact of the homebuilding industiy.

4. The disconnect between design, engineering and construction which jpifies most large production
homebuilding operations is still a large barrier towards the adoption of more innovative practices.

5. Qualio control means more to production homebuilders than sustainabiligy or energy eficieny and
construction evaluation andpost-construction testing is an important means of helping builders adopt
more innovative practices by ting them to qualiy control measure.

6. Consumer perceptions of change and innovation are still large barriers to the adoption of more
innovative practices, but can largejy be addressed by more sophisticated and well organized marketing
approaches.

In addition to these findings, I will provide a series of recommendations for public and

private intervention in the production homebuilding industry by assessing the success of the

Building America efforts in Las Vegas and the potential for more systemic innovations based

on the analysis of the Pulte Home Science projects in Virginia. I will also make

recommendations for how industry participants could evolve to be more effective in

adopting innovative building practices and technologies.



1 Hassell, et al, Building Better Homes: Government Strategies for Innovation in Housing (Santa Monica,
RAND Science and Technology Policy Institute, 2003) xiii.
2 Joint Center for Housing Studies at Harvard University, The State of the Nations Housing, 2004
(Cambridge, Joint Center for Housing, 2004) 2.
3 Definition of innovation provided by:
Rogers, Everett M. Diffusion of Innovations (New York: The Free Press, 1995) 11.

4 Christensen, Clayton M. The Innovators Dilemma (New York: Harpers Business, 2003)
5 Those interested in the dynamics of this relationship should refer to Keneth Jackson's Crabgrass
Frontier; Marc A. Weis' The Rise of the Community Builders; and Dolores Hayden's Building Suburbia as
excellent introductory works on the topic.
6 The Las Vegas Division of Pulte Homes is not the only division of this large homebuilder which is
partnering with the Building America Program, but was one of the earliest and is considered to be the most
aggressive in terms of energy efficiency and widespread adoption of the lessons learned through the
partnership.
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Chapter 1: Innovation

Theoretical Models

In order to understand why sustainable design and construction practices have not been

widely adopted in the homebuilding industry, one first needs to have a broader

understanding of the complexities of the innovation process and the methods through which

successful innovations are diffused in organizational structures. There is enough literature on

innovation to fill an entire library and the purpose of this section is not to review that

literature in its entirety, but rather to introduce the reader to some of the key concepts

surrounding the topic.

Everett M. Rogers, one of America's leading theorists on innovation and the process

through which it is diffused, has defined an innovation as "an idea, practice, or object that is

perceived as new by an individual or other unit of adoption."' This simple definition would

lead the reader to believe that innovation is a process which can be easily modeled and

explained, yet after decades of analyzing complex business, social and political organizations,

most theorist have come to the conclusion that innovation is far more complex than can be
A

explained by any single process model.

Yet models of innovation abound, and the most widely recognized model is known as the

"linear model" which characterizes the process as a straight line trajectory of four key

elements:

RESEARCHi ---- WDEVELOPMENT.... ...1.. ... ... 1 1 ......1 DEMNSRAION F DEPLOYMENTI

Figure 1.1: The Linear Model of Innovation

One of the key problems with the linear model is that it fails to account for any sort of

information feedback loop. Inevitably, most innovations go through several phases of each

process indicated here, often moving forward into demonstration only to find that there

were gross miscalculations in the development phase, or worse yet, the development phase

was based on flawed research much earlier in the process.2



Furthermore, several studies have pointed to other shortcomings in the linear model. A

recent report written for the U.S. Department of Housing and Urban Development by the

RAND Science & Technology Policy Institute has illustrated several of these flaws. First,

scientific research is rarely a launch pad for most innovations; rather the process is regularly

built upon a wide body of existing knowledge and experience. More often than not,

innovations are simply a reconfiguration of existing applications and materials which have

been repositioned in different ways to produce a new process or product. Innovation does

not entail a rigorous theoretical understanding of the underlying science behind each

invention.3

Finally, the linear model does not account for the fact that a lack of technological "know-

how" or adequate research may not be the primary obstacles which prevent an innovation

from moving into its deployment phase. Issues of cost and market demand are just as often

barriers towards the implementation of a technically feasible innovation, yet remain

conspicuously absent from the linear model.4 Recognition of these shortcomings has led to

a variety of new models of the innovation process and one, in particular, is worth noting.

The "chain-linked" model of innovation was developed by Stephen J. Kline & Nathan

Rosenberg. It attempts to account for the complexities of the innovation process by

providing us with a more comprehensive model.

Figure 1.2: The Chain-Linked Model of Innovation



One of the key differences between the two models is that the four primary elements of the

linear model have been replaced by the seven elements illustrated above: identifying a

potential market or need, producing an analytic design, detailed design and testing, redesign and production

and, finally, distribution and marketing, all of which is "chain-linked" to an existing knowledge

base and the potential for scientific research. There are many readily apparent differences

between the two models and two of these differences are worth noting.

First, design has replaced science as the foundational component of the innovation process.'

While it is not rare to depend on scientific research as the basis for a new innovation, it is

often the case that science is treated as a complement to a vast base of existing knowledge,

and sometimes science may not be used at all in the creation of a new product or process.

Design lends the model much greater flexibility in its treatment of science.

The second important differentiating element is the presence of an existing knowledge base.

Note that, in the smaller feedback arrows which link the design process through to

knowledge and research, knowledge is the first line of defense. Drawing on existing

knowledge as a solution to problems encountered during the design, testing and production

phases of innovation is easy enough, as is the recognition that new scientific research may be

needed. However, as indicated by the dashed lines in the model, to return to an existing

design process ensuing the creation of new scientific knowledge is a rather difficult process;

creating new science often entails beginning the innovation process anew.

Consider, for instance, two building material innovations developed over the past one

hundred years: the structurally insulated panel (SIP) and the photovoltaic (PV) panel. The

SIP was a combination of two existing materials: particle board or plywood and rigid foam

insulation. The products were bound together with readily available adhesives and the

structural properties of the panel were tested via the existing knowledge base of lateral and

vertical structural forces. While there were multiple tests and variations on materials, the

innovation was entirely dependent on the presence of an existing knowledge base.

The conversion of sunlight into direct energy, however, involved a number of scientific

achievements dating back to the discovery of photoconductivity in the element selenium



(1873) through to the 1954 "accidental" discovery at Bell Labs, while researching

semiconductors, that discovered silicon "doped" with impurities was extremely sensitive to

light. Experiments with the silicon eventually led to the first solar modules in the late fifties.

Scientific discovery was an integral part of the process, and without it, we would not have

the modern photovoltaic panel.

Diffusion

Thus far, we have explained innovation as a singular entity, but for innovations to have the

far-reaching financial, social or environmental effects which, it is assumed, their propagators

wish them to have, there must be a process of diffusion throughout the industries in which

they occur. The process of diffusions is typically modeled as a classic "S" curve, illustrating a

relatively small number of adopters in its early stages followed by an industry-wide rapid

adoption and then a relative flattening of the curve when only the late adopters or "laggards"

complete the transformation.'

100%

4- laggards

e(0
z 50%
0

0
I-

0% 4 innovators

Time

Figure 1.3: The "S" curve of innovation diffusion

The process of diffusion has been defined as having four key elements: the innovation itself, a

communication channel, time and a socialystem.' I will draw on Roger's definitions to briefly

describe them here.



Rogers has defined the innovation element as having 5 distinct characteristics, which will be

important to keep in mind when we begin to look more closely at the homebuilding

industry:

" Relative Advantage: the degree to which an innovation is perceived as
superior to the idea it supercedes.

* Compatibiliy: the degree to which an innovation is perceived as being
consistent with the existing values, past experiences, and needs of
potential adopters.

e Complexiy: the degree to which an innovation is perceived as dificult
to understand and use.

e Trialabiliy: the degree to which experimentation may be experimented
with on a limited basis.

e Observabiliy: the degree to which the results of an innovation are
observable to others.

Theodore Koebel has added to this list the characteristic of certainty and timing to account for

the fact that the benefits of any given innovation may be reaped over the lifespan of that

innovation, while the cost will have to be paid up front. This lends the importance of

certainty to the innovation. To what extent can the end user be sure that this innovation will

provide given paybacks over a stated amount of time? The notion of certainty and timing are

particularly important with regards to innovations related to sustainability, whose higher up-

front costs must often be accounted for by decreased lifecycle costs.8 Thus, Successful

innovations must provide the end user with greater certainty, relative advantage,

compatibility, trialability and observability, while also having less complexity.

The second element of innovation diffusion is a communication channel. This is the mode by

which an innovation, or the experience of an innovation, is transferred from one adopter to

another potential adopter. The channel can take several different forms ranging from

interpersonal communications to the use of mass media. Some industries, homebuilding

among them, have been described as having extremely weak communication channels which

have stood as barriers to the diffusion of innovative practices.

The third element of diffusion is time. The "Rate of Adoption" is the speed with which any

given innovation is adopted by members of a society. Adopter categories are essentially

defined based on their rate of adoption with the "innovators" being the very first to adopt



and the "laggards" being the last (see Figure 1.2). Industries with poor communication

channels can expect to have slower rates of adoption as would be indicated by a flatter

diffusion curve.

The fourth, and final, element of diffusion is a social system. A social system is defined as

being a set of interrelated units that are engaged in joint problem-solving to accomplish a

common goal.' Knowledge and understanding of this system is a key element to our

particular problem of the production homebuilding industry, as the "structure" of this

industry is perceived as one of the primary barriers towards the adoption of more innovative

practices. Koebel (1999) has argued that it is the structure of the industry, not its lack of

knowledge or research capabilities which have led to its current "backwardness" and change-

resistance. In his words, "engineering is only half the solution," and we need to develop a

deeper understanding of the complex social networks which constitute the homebuilding

industry in order to better understand how innovative practices can be adopted." Any

discussion of the homebuilding industry's social structure will need to bear in mind the

concept of "network embeddedness."

Network Embeddedness

Network Embeddedness has been defined as the quality of the ties between a focal firm and

its transaction partners (buyers, sellers, service providers, as well as competitors with whom

the firm cooperates in the context of research and development projects)." The notion of

embeddedness provides an important link between the fields of sociology and economics in

that it accounts for the extent to which social relationships shape economic action. 2

Traditional literature on economics has tended to marginalize the relationship between social

ties and economic behavior.

Individuals and organizations whose activities are embedded in a larger organizational

structure or social system will tend to consider the benefits and consequences of their own

actions, and those around them, in the context of how it will affect not only themselves, but

also the collectives in which they operate." The extent to which such considerations affect

firm level decision making processes is an important component of any business model and



will tend to have significant impacts on a firms willingness to pursue more innovative or

technologically advanced processes.

Sustaining V. Disruptive Technologies

Business theorist Clayton Christensen has written extensively on the nature of technological

change and the manner in which such changes affect the industries into which they are

introduced. Christensen has defined two separate types of technologies: sustaining and

disruptive. Sustaining technologies are those that make incremental improvements to

products which are assumed to be desired by the mainstream users of those particular

products. Disruptive technologies, on the other hand, are more radical in nature and will

often tend to under-perform other products in the marketplace in the short term, but may

have particular characteristics which make them appealing to a small group of consumers.

Over time, the added benefits of these new technologies become appreciated by mainstream

users, in that they fill a role in the new market that the older technologies could not fill-

either through price, quality or usability.

Sustaining and disruptive technologies can be classified as incremental, moderate or radical.

It is important to consider that the different degrees of technological change implied by

these labels need not necessarily apply to the "character" of the change at hand but rather

the rate at which those innovations take place with regards to time or engineering inputs.

While it will certainly be more common for disruptive technologies to be classified as radical,

sustaining technologies can typically fall under any one of the above classifications.

Disruptive technologies can be further divided into two types: architectural and intrinsic.

Architectural disruptions, as the name implies, typically involve the putting together of

existing technologies in new and different ways to create a new product. Intrinsic

disruptions, however, typically require new scientific research and development in order to

achieve the creation of a new product. The case of hybrid engines and fuel cell engines are

good examples of each. The hybrid engines depend on electrically charged batteries

combined with the traditional internal combustion engine to create a new highly efficient

vehicle. Fuel cells, however, utilize liquid or gaseous hydrogen to create electrical charges

which can power a car without harmful emissions. The fuel cell technology, unlike the



batteries or internal combustion engine, required extensive research, testing and

development before it could be adapted to suite automotive needs.

It is also important to consider what aspect of the industry will be affected by the change at

hand. The change can affect the final product, the process used to arrive at that product, or the

entire system (i.e.- the inputs, the process and the product). Systemic changes are typically

radical in nature though they need not be disruptive in that systemic changes may be used to

modify an existing product with a loyal consumer base.

It is often the case that the terms technology and innovation are used interchangeably, yet it

is important to distinguish between the two. Technology, as defined by Christensen, is the

"processes by which an organization transforms labor, capital, materials, and information

into products and services of greater value."" An innovation, however, is a change in

technology and the impact of an innovation can be far-reaching in that it can often affect the

entirety of the social system surrounding the product at hand. Figure 1.4 summarizes the

concepts surrounding technological change and innovation.

Incremental Product

Sustaining

Moderate

Disrupting }
Radical System

typology impact, or what is classification
rate of change affected?

Figure 1.4: Technological Change and Innovation Components

Mobile homes provide us with a good example of a disruptive technology. Largely spurred

by government investment during World War II as a means of housing defense workers in a

time of extreme building material supply shortages, manufactured housing techniques failed

to gain a large share of the market in the years following the war despite extensive private

sector experimentation and investment. However, in the sixties, manufactured homes in the

form of trailers and mobile homes became a fixture in the American Landscape as primary



residences, possibly as a reaction to the inflationary environment of the seventies and the

increasing cost of housing production and ownership. The homes lacked many of the

amenities and special qualities of site-built structures, but were far more affordable and had

the added benefit of being transportable to new and different sites. By the early 70's, one

mobile home was being built for every three site built homes and by 1978, the government

finally regulated the industry through the establishment of a National Building Code for

manufactured housing. Today, some of the HUD-Code housing manufacturing techniques

are being adopted by the builders who traditionally utilized site-built methodologies, and the

jury is still out as to whether or not the industry as a whole will adapt to these more

industrialized building approaches. We can use the model developed in Figure 1.4 to more

clearly illustrate the nature of the changes embodied by HUD-Code Housing:

Iacremental Product

Sustaining Innovation (social system)

Moderate Process

rupting Technology

Figure 1.5: Mobile Homes

Mobile homes were cheaper, smaller, easier to build and less adaptive to structural changes

& design alterations and therefore may be classified as disruptive. The shift to mobile homes

did not entail incremental or moderate changes to a single component of the house, but

rather radical deviations from traditional construction and design methods. The new way of

building homes affected both the final product and the process used to create that product,

in this sense, they were "systemic" in that they reached well beyond any single trade and

changed the way multiple parties interacted in order to construct the product.

The proliferation of mobile homes (i.e., HUD-code housing) shook the entire social system

of the homebuilding industry. The sales were not performed by traditional real estate agents,

but rather by a hybrid cross between a car dealer and a home sales office. The regulatory

agencies completely shifted both the way they inspected houses and the people used to

perform those inspections. Homes were now checked by special HUD-code inspectors



before leaving the factory. Upon being shipped to the site, traditional building inspectors

would verify the labels on the home and ensure that the structure was adequately connected

to the site-poured foundation. Most of the contracting used to build the new structures was

internal to the housing manufacturer as opposed to being subcontracted to independent

trades. Specially designed transportation devices were developed and highway regulations

which mandated the maximum width of loads on the U.S. Interstate Highway System had a

greater affect on the size of one's living room than the structural capability a the 2x8 ceiling

rafter used to frame that room's roof. HUD-code housing affected much more than "the

processes by which an organization transforms labor, capital, materials, and information into

products and services of greater value." It changed the way the entire social system

surrounding housing development interacted with each other and with the product at hand;

it can, therefore, be considered an innovation.

In this chapter, I have laid the basic groundwork for a deeper understanding of the process

of innovation by presenting the long accepted Linear model of innovation and by illustrating

contemporary critiques of that model and it's over-simplification of the innovation process.

Out of these critiques has arisen a new model, known as the Chain-Linked model of

innovation. This model attempts to account for the complexities of the innovation process

and the extent to which it is both a process of design and fundamentally dependent on a

wide body of existing knowledge as opposed to scientific research. Once an innovation is

accepted, the extent to which it succeeds is dependent on its ability to diffuse throughout the

industry in which it exists. The diffusion of innovation has been identified as having four key

elements: the innovation itself, industry communication channels, time and a social network. Social

networks are a vital part of the diffusion process and the extent to which an individual or

organization is embedded in a larger organizational structure should also be considered to have

an affect on the extent to which innovations diffuse throughout an existing industry.

Finally, I outlined a basic model for identifying different types of technologies and

innovations within an industry by introducing the concepts of sustaining and disruptive

technologies in addition to a series of supporting concepts which will be applicable to the

case studies which will be introduced in Chapter 4. But first, it is important to look more

specifically at how the structure of the homebuilding industry has traditionally affected the

process of innovation and its diffusion.
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Chapter 2: Innovation in Homebuilding

Barriers

The fact that the homebuilding industry has been historically characterized as "change-

resistant" or "backwards" has been a source of great consternation for researches and

builders alike. Numerous studies have attempted to illustrate the fundamental structural

elements of the industry which have led it to be characterized as such. Many of the

conclusions drawn by independent researchers and industry organizations, such as the

National Association of Homebuilders (NAHB) and its affiliate the National Association of

Homebuilders Research Center (NAHBRC) bring to light themes which can be categorized

to illustrate the common threads running between them.

Below is a table illustrating some of the major studies conducted over the past thirty years on

the topic of the barriers towards innovation posed by the industry's structure:

Field & Rivkin Oster & Qugley NAHBRC NAHBRC RAND Corp. Koebel, et al
(1975) (1977) (1989) (1998) (2003) (2004)*

fluctuations i cyclical nature of cyclical nature of high cost ofresidential fluctuating demand construction construction boom-bust cycles deployment
construction cycles

firms are specialized dominance of small fragmented industry small & medium i adequate capital
and small small scale of firms firms structure dominance for deployment

consumer resistance lack of integration building code & fragmentation loimatfteh
to new technology Fragmented industry (reliance on subs) product approval (slows information low impct of tech.

__________________________systems Sharing) o rft
autonomous Fragmented diversity of building need for education competitive nature/ high discount rates
in every market regulatory codes codes and training risk minimization

difficulty in the lack of product lack of access to poor info flow within
evaluation of approval system information the open, innovators industry
innovations due to lack of access to limited funding for can't protectthebdin information about nonproprietary innovations lack of govt support
buidings ifrainaotnnrpitr noain ako ot upr

new products research

inadequate exposure to liability no means foreducation moving tech. from
govt.& universities

exposure to liability market resistance to field testing

req'd acceptence poor links btwn
by finance & construction &
insurance industy universities

imi research adversarial
limienesac relationship btwn

design & const.
homebuyer management
resistance to ingenuity
innovation

change in
ownership of bldgs

I _overlifespan

*Koebel acknowledges the presence of the NAHBRC 1989 barriers as still being present in 2004 and proposes his list
as a compliment to those barriers. The entire list of 19 was not duplicated.

Table 2.1: Historical Research on Structural Barriers to Innovation in the Homebuilding Industry



Undoubtedly, the most striking characteristic of the above chart is the extensive overlap

between the different studies over a substantial period of time. Entire industries have been

spawned and ceased to exist in the time during which the homebuilding industry has

exhibited the same flawed traits which have made it resistant towards innovation. While the

most recent study by Koebel attempts to categorize a new set of traits, careful consideration

of these traits leads to the conclusion that these new structural barriers are outgrowths of

those that preceded them.' For instance, the first four traits listed under Koebel (the high

cost of deployment, inadequate capital for deployment, low impact of technology on profits

and high discount rates) are all logical outcomes of structural characteristics itemized in the

previous five studies- fluctuating capital markets and industry fragmentation.

In fact all of the above traits can be broadly categorized into the following six categories:

fluctuating financial markets!
costs of innovation

firm size & industry fragmentation

regulatory barriers/
code fragmentation

lack of communication & research

risk/liability

market/demand side resistance

Table 2.2: Categories of Structural Barriers

The power of fluctuating financial markets and the costs of innovations has been one of the

more consistent themes permeating diffusion research in the homebuilding industry. The

strength of the homebuilding industry is largely dependent on such things as interest rates,

unemployment rates and land values; all of which are clearly beyond the control of the

industry itself. The fact that a large percentage of housing is financed on debt means that the

fluctuating patterns of housing starts in the United States are a function of the ability to, and

the cost of, borrowing money. Thus, even the most subtle shifts in interest rates can cause



substantial variations in the cost to build and own houses.2 This has resulted in a very

conservative industry with regards to capital investment. When times are good, there remains

substantial resistance towards a firm making capital outlays for new equipment and investing

in their employee's knowledge base for fear that such investments may detract from a firm's

ability to weather impending market corrections.' Thus the effects of fluctuating capital

markets inevitably ties into the fourth barrier on the list, lack of R & D.

Firm size and industry fragmentation has also been a predominant theme in the study of

innovation diffusion in homebuilding. Historically, the industry has been made up of small

to mid-size construction or development firms who have been both vertically and

horizontally fragmented. In 1997, firms with four our fewer employees constituted 93% of

all construction firms in America.4 While much of the innovation literature argues that small

firms are the most likely to adopt innovative practices, the competitive nature of the

industry, the high costs of innovations, the low profit margins and inadequate

communication channels have combined to make this not the case in homebuilding.

The minimal profits to be realized in homebuilding (as compared to other industries) when

compared to the substantial costs & risk involved in the process of housing development,

have led most firms to cut costs by subcontracting out as many tasks as possible in order to

minimize the amount of overhead they must carry, thus resulting in a highly fragmented

industry. This means that housing developers often have little control over contractors,

subcontractors, architects and engineers who largely determine the successful integration of

innovative practices in homebuilding. Overcoming this barrier, while maintaining the

existing industry fragmentation, would be largely dependent on the development of strong

communication channels within the industry, channels which simply do not exist or could be

considered entirely ineffective.'

Regulatory barriers and the fragmentary nature of American building codes have also been

cited as a tremendous barrier to innovation in homebuilding. Traditionally, no unified

national code existed and the structure and requirements of each different jurisdiction would

vary widely.' This was an extremely difficult hurdle for small builders, who typically worked

within the bounds of single code jurisdiction. While this may seem counter-intuitive, the



reason for this is that large builders, working in multiple code jurisdictions, were likely to

find a region whose code officials and code documents were less restrictive than others and

may be less adversarial to the innovation at hand. However, this only accounts for the

implementation of a pilot innovation, and the fragmentary nature of the codes would greatly

contribute to the inability to diffuse any such innovations throughout the industry as a

whole- small and large builders alike. As an adjunct to the code issue, Oster and Quigley's

1977 study of innovation diffusion found that the educational level of the chief building

inspector had a tremendous effect on the diffusion of four different building technologies in

several regions across the country.'

Poor communication channels and inadequate research programs have also contributed

greatly to the lack of innovation in homebuilding. Recent efforts to improve communication

between builders and more rapidly diffuse innovative practices can be credited to the

National Association of Homebuilders Research Center and multiple government programs

whose educational websites and numerous publications are easily accessible.' However, the

success of these third party (trade organizations & governmental) programs is questionable,

and it may be posited that a more pro-active program of going into communities and actively

engaging builders could be what is needed. Recent studies have indicated that builders

predominately get their advice on new technologies and practices from manufacturer

representatives, subcontractors, trade publications, trade shows and homebuyers.

Governmental technology transfer programs and the internet ranked very low as valuable

communication channels. 0

Furthermore, the incredibly competitive structure of the industry coupled with the non-

proprietary nature of its innovations may cause innovative builders to resist sharing their

latest discovery through whatever channels do exist." The inability to protect proprietary

innovations, a noted problem in construction, is further exacerbated by the fact that

construction is typically done in the open and innovative practices are readily visible to any

passer-by; be they friend or foe.12

With regard to research, there is a rich history of government intervention to encourage

innovation in the homebuilding industry (as will be discussed later in this chapter), yet by



and large these efforts have been ineffective. Japan, on the other hand, which has a fairly

progressive and technologically advanced construction industry, mandates that its six largest

builders invest .5% of their annual turnover into R & D programs. This has resulted in

extensive advances in modular housing technology, floor jacking systems for tight urban

construction sites and the use of robotics in the construction process." European nations

have also invested in new building technologies, focusing more heavily on information

technologies and object oriented CAD systems. 4

The fifth barrier on this list, risk & liability, has also been noted to substantially impact

innovative practices in homebuilding. Homebuilding has become an extremely litigious

industry, and the seeming lack of quality control measures has led to a rash of call-back and

warranty issues in addition to spawning several class action and independent lawsuits all

across the country. This is not a new phenomenon. Architects, contractors, engineers,

product manufacturers and developers have always been concerned about their assumed

liability on a project. Reading an architectural specification or the product warranty on a

water-proofing membrane has become akin to reading a tome of lengthily and dry legal

jargon. It is not uncommon to find that following the introduction of a new material,

product manufacturers may find it difficult, or impossible, to obtain product liability

insurance for that given product.'"

The sixth and final category of barriers is listed as market or demand-side resistance. A home

is, more often than not, the largest investment an individual or family will ever make. The

thought that something may go wrong in that investment is, to the investor, a frightening

concept. Consumers are historically averse to supposedly "untested" materials or

methodologies- they tend towards the tried and true methods of building. This is particularly

the case if product or system changes alter the physical appearance of the component or

house.'6 Builders, who do not invest heavily in educating buyers as to the benefits and safety

of the innovation, may not be able to market their innovations successfully."7



Quantitative Studies on Innovation Diffusion

There have been few efforts to quantitatively measure the diffusion of innovation in the

residential construction industry. The findings of two studies are worth noting: Blackley &

Shepard's 1992 study and Koebel, et al's, 2004 study.

In 1992, Dixie Blackley and Edward Shepard, III, studied the diffusion of ten different

building technologies by analyzing data collected by NAHB as part of that organization's

1987 Member's Profile Survey. The innovations included:

e Plumbing provisions of the 1986 CABO one and two family dwelling code

(incremental, process)
* 24-Inch stud spacing (incremental, process)
* Two-stud corners (incremental, process)
e In-line off-center spliced joists (incremental, process)
* Composite wood I-beams (incremental, product)
* Open wall panels (incremental, process)
e Closed wall panels (moderate, process)
e Foam structural panels (moderate, product/process)
* Condensing furnaces (incremental, product)
* Solar-assisted water heaters (moderate product/process)

The study utilized regression analysis to gauge what factors or firm characteristics may have

influenced the firm's decision to innovate. The results indicated several traits in firms which

adopted innovations. Using the "value of construction" as the moniker for firm size, as

opposed to number of employees or houses completed, the study found that larger firms

were clearly more likely to adopt innovative practices. Analogous to size, the study found

that builders working in multiple regions were also more likely to innovate. The study also

attempted to quantify vertical and horizontal fragmentation by segregating firms by the

amount of work subcontracted (horizontal fragmentation) and the amount of non-

construction activity pursued (lending, sales, design- vertical fragmentation). In this regard,

the study found industry fragmentation to have an insignificant effect on innovation.

Additionally, one of the more interesting findings in this study was that as the price of a

home increased (i.e., the further it deviated from the average home price in the survey) the

less likely it was to adopt innovative practices- thus theorizing that builders focusing on

high-end residential construction are less likely to pursue innovative practices.



Another study, undertaken by Theodore Koebel and his colleagues at Virginia Tech for the

Department of Housing and Urban Development, was conducted in 2004. This study

looked at the diffusion of eight different building technologies, which included:

* Pre-cast concrete foundation walls (radical, systemic)
e Wood/plastic composite exterior trim/molding (incremental, product)
" Fiber cement exterior trim materials (incremental, product)
e Heat pumps with integral water heating (e.g. desuperheater) (moderate,

product)
* Laminate flooring (incremental, product)
* Wood I-joists as roof rafters (incremental, product)
* Fiber cement flooring underlayment (incremental, product)
" Wood I-joist structural floors (incremental, product)

The Koebel study is interesting in that it seems to refute some of the arguments made in the

previous study. For one, it argues that custom homebuilders are more innovative than single

family production builders- potentially refuting the argument that the high end market is less

prone towards innovative practices. Furthermore, the study found no direct relationship

between a firm's size and the tendency to innovate. However, it should be noted that, unlike

the previous study, Koebel used the number of houses completed and the number of firm

employees as his measure of size. Somewhat paradoxically, the argument is made that

national firms and firms serving multiple markets are more likely to adopt innovative

practices, but it is unclear how this relates to the previous findings, due to the fact that these

would be the firms with the largest number of employees and housing completions. Unlike

Blackly and Shephard, Koebel found that union participation and the increased use of

subcontractors actually improved a firm's level of innovation.

It is important to bear in mind a few key points about both of these studies. With the

possible exception of closed wall panels from the Blackly & Shephard study and pre-cast

foundations from the Koebel study, almost every listed technology could be considered

incremental or sustaining (see Chapter 1 for definitions). Furthermore, with the exception of

pre-cast foundations from the Koebel study, all of these technologies are essentially material

substitutions without significant effects on the building process. It is doubtful that any of

these technologies would significantly shake up the industry. As a final point, the Koebel

paper chose not to stratify its findings by builder size arguing that "previous research was



inconclusive about the relationship between size and innovation in residential

construction."" It could be argued that the Blackly & Shephard study actually refutes this

statement through its findings that firms with higher revenues were more prone to

innovations. Furthermore, I think the Koebel study refutes the statement itself in its finding

that national and multi-regional builders were also more likely to adopt innovative practices.

Government Partnerships for Innovation

The U.S. Government has long recognized the innovative shortcomings of the American

homebuilding industry and, at several points throughout history has made sincere efforts at

intervention. Several branches of government have been involved at one point or another,

including the Department of Housing and Urban Development, the Department of Energy

and the Environmental Protection Agency. In 1999, alone, the federal government spent

$236 million directly on R&D related to housing, 65% of which was directed at energy

efficiency and energy generation." In large part, this is to make up for the fact that the
.

construction industry typically contributes only .5 of its profits into R&D, compared with

other industries in America which spend, on average, 3%."' While itemizing all of the

different government programs aimed at housing would be an arduous task beyond the

scope of this paper, there are two which are particularly relevant to the topics at hand:

Operation Breakthrough and The Building America Program.

Operation Breakthrough

In the late 1960's, two very important commissions convened and presented reports to

Congress & the President on the state of the nations housing. The Kaiser Commission, and

its 1968 report, entitled "A Decent Home," argued for, among other things, the need for

more public/private partnerships to meet the nations growing need for affordable housing.

The Douglas Commission (1968) also pointed out severe housing shortages and affordability

issues in America and argued for a research program to focus on industrialized housing

techniques. Out of these commissions was spawned the Housing Act of 1968 and from this

Act came the impetus for the first major government program to foster innovation in the

homebuilding industry, it was known as Operation Breakthrough.



The primary goal of Operation Breakthrough was to promote industrialization and modern

production techniques in the residential construction industry. As part of the program, the

government would pay for the research and development costs for the construction of

housing on nine sites across the country. As partners in the program, HUD selected a broad

array of industry representatives ranging from building material and appliance manufacturers

like Alcoa and General Electric to traditional production homebuilding firms like Scholz

Homes Inc. and the Levitt Technology Corporation.2 Of the 22 partners, 21 projects were

built, only 7% of which were single family detached housing. While the projects were

completed on-schedule, they ended up costing 40% more than their fair market value. The

projects identified two primary culprits for driving up the costs of the housing: burdensome

and inconsistent regulatory barriers and the fragmentation of the housing market.23

In retrospect, Operation Breakthrough is largely considered a failure because, while it

addressed the technological obstacles to introducing advanced production methodologies in

the housing industry it failed to account for the industry characteristics which would create

barriers to the diffusion of those innovations, and therefore once the projects were built, the

innovations, in large part died.

Building America

The Building America Program grew partially out of a response to the National Construction

Goals which were developed in 1995 as part of the National Science and Technology

Council's effort to create a more focused effort across the 14 Federal Agencies which were

currently spending money on R&D projects related to the construction industry, though it

existed in a less formal structure prior to that date.2s The Program, begun in 199626 and

directed specifically at the production homebuilding industry, currently aims to:

e Reduce energ use by 50% and reduce construction time and waste
e Improve indoor air quali and comfort
e Encourage a systems-engineering approach for design and construction of

new homes
e Develop system cost/performance tradeoffs that improve housing quali

and performance without increasing cost
e Conduct cost-shared research to accelerate development and adoption of

innovative building systems2
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The work of the program is divided up amongst five Building America teams across the

country that provide research & development assistance, technical support and educational

seminars to architects, engineers, code officials, contractors, subcontractors, financing

organizations, insurers and developers involved in the residential construction industry. An

integral part of the program is the "systems engineering" approach to residential

construction. No part of the building is viewed in isolation from the whole, thus the

program carefully studies how changes to one part of a home's construction may affect the

efficiency, cost and constructability of any other part.

Drawing on lessons learned from the Operation Breakthrough program, where regulatory

barriers were identified as a key detriment to the program's success, Building America has

paid careful attention to educating building officials and inspectors to ensure that the

changes made to any building may not encounter regulatory obstacles once under

construction.

To date, the program has been largely successful, with numerous building partners and

developments across the country accounting for 26,274 completed homes in total. One team

estimates, based on the projected build-out of the developments associated with the

program, that their Building America projects will generate gas savings of about 40 million

Btu's, reduce carbon emissions by approximately 105 million pounds and further reduce

S02 and NOx emissions by 1 million and 1.6 million pounds respectively.28 However, while

the physical numbers are impressive, it is still unclear whether the technical changes made as

a result of the program will diffuse throughout the industry at large.

The two programs mentioned here are relevant for several reasons. First and foremost, they

build public/private partnerships and make direct investment in the construction of housing

as a means of research. This investment is something which has separated them from other

substantive government programs such as the Partnership for Advanced Technology in

Housing (PATH), the Energy Star Program and the Advance Housing Technology Program

(AHTP); all of which tend to focus primarily on either pure research or product standard

development and marketing. Furthermore, both programs have focused on the capacity of

large corporations as catalysts for innovative change in the industry (Building America to a



lesser extent than Operation Breakthrough). While over 601 corporations responded to the

Operation Breakthrough RFP issued by the Department of Housing and Urban

Development in 1969, the 22 chosen clearly represented corporations with the

organizational capacity to effect change at the industry level. This could be seen as a possible

reaction to previous industry research which indicated that firm size was a major obstacle to

the adoption of more innovative practices. It could be said of Building America, that they

are primarily focused on dealing directly with large production builders, though the success

of the program in recruiting the big nationals has been questionable.

It is also worth pointing out some key differences between the two programs. Operation

Breakthrough was clearly more focused on "systemic" innovations. The goal of the program

was to industrialize the housing industry by encouraging housing developers to adopt more

sophisticated manufacturing and production techniques. It was believed that by pursuing

these practices, the industry could improve the affordability of housing and the efficiency

through which it was constructed. Building America, on the other hand, seems to have made

peace with the fact that housing is not prepared for such radical changes and has invested

more of its efforts in promoting and fostering sustaining innovations which are primarily

incremental in nature. Most of the homes being built through the program are stick-framed

houses, whose systems have been tweaked in such a way as to greatly improve upon their

energy efficiency. The program could be considered a reaction to the fact that despite

millions of dollars of government investment in more industrialized homebuilding

technologies, those practices were never widely adopted by the industry at large.

Community Scale Interventions

It is important to note that high performance buildings are only one component of the larger

agenda for sustainable development. The ability to link structures to community scale

interventions which can more adequately address larger issues of site impact, transportation

and open space preservation is an important concept which has been receiving more

attention in recent years. As developments have grown in complexity and scale, it is

increasingly the case that the developers of a particular project and the homebuilders

involved with that project are separate entities.2 ' Recent large scale developments have made

notable efforts to create low-impact developments through a variety of measures. One



method is for the developer of the community to outline a set of "guiding principles" for

development within the community." These principles may include prescriptive (you must

do xy or Z) or performance (the unit installed must meet xy or z guidelines) measures with

regard to how houses are to be built. These principles may often use one of the previously

mentioned government programs as a performance requirement for all homes, i.e. homes

must meet Energy Star guidelines. An exciting trend in this regard is the rapid development

of "green building guidelines," which are increasingly being used as a framework for the

structures in a low impact development. For instance, the Stapleton Redevelopment Project

in Denver, Colorado is a New Urbanist community which has paid careful attention to

sustainable community development practices like mixed-use, transit-oriented development

and walkable neighborhoods. As part of the requirements for winning contracts at Stapleton,

homebuilders were required to meet Colorado's Built Green guidelines- a series of

environmental requirements which rate homes based on a series of environmental indicators

(indoor air quality, minimized use of non-renewable resources, energy efficiency, etc.). While

getting large national builders to meet the guidelines was difficult, the project is now held up

as model of linking low-impact community scale development to high performance

buildings.

The problem with princrples, however, is that they are not legally binding and can often break

down over the extensive time it takes to complete a large scale development project like

Stapleton. Other developments have gone another route in attempting to move towards

more sustainable development practices by attaching high performance building

recommendations to the permitting process, as has been done with the Civano Development

in Tucson, Arizona. The developers of Civano wrote a very ambitious set of guidelines for

low impact development in their community which included, among other things, a

reduction in the use of potable water by 65%, a reduction in internal vehicle miles driven by

40% and the creation of one job on-site for every two residents. To these planning based

principles were attached ambitious energy reduction goals for the individual homes. In order

to achieve the goals, Civano developed the IMPACT system in partnership with the City of

Tucson which essentially created a parallel, and stricter, energy code for the houses being

built in the community by inserting addendums to the 1995 Model Energy Code. In order to

get their building permits, the homes would have to exceed the Code by 50%, submit



construction waste recycling plans and have proper solar orientation in addition to a long list

of other sustainable attributes."

Stapleton and Civano are two examples of projects which have tied sustainable construction

practices into a larger community vision for low impact development. One utilized market

pressures in the form of a development team working to drive demand by mandating the use

of a state green building program; the other relied wholly on regulatory measures. To date

there has not been enough experimentation with either of these approaches to conclude if

one or the other is a better solution- in fact neither of the above mentioned projects is

entirely built out. Stapleton is still in phase 1 and Civano is just entering Phases 2 and 3.

However, both are driving production homebuilders to higher levels of efficiency and

environmental awareness in their building practices.

It is clear from the above examples of community scale interventions and the previous

illustrations of government programs that both the private and public sector will need to

play a role in pushing the homebuilding industry to adopt more innovative practices. The

extent to which either of them succeeds will be largely dependent on many of the structural

characteristics which have been outlined in this chapter. These characteristics are well

documented over many decades of research. Several common themes can be drawn from

these efforts, and these themes are partially confirmed by the few quantitative studies of

innovation diffusion in the homebuilding industry which have been presented. It is

important to note, however, that there are several trends in the industry which indicate that

these structural characteristics may be changing. These trends are the subject of the next

chapter.
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Chapter 3: Trends in the Contemporary Production Homebuilding

Industry

Having established a theoretical framework for the process of innovation and its diffusion

and also having developed an understanding as to what some of the inherent obstacles the

structure of the homebuilding industry poses towards that process, it is important to now

take a look at some of the trends shaping the contemporary production homebuilding

industry. This chapter will illustrate some of these trends, which include: consolidation of

homebuilding firms, higher degrees of vertical integration and more centralized supply chain

management techniques and the consolidation of building codes. This chapter will conclude

by illustrating how these trends are combining to give large production homebuilders a

competitive advantage in today's marketplace in addition to making them ripe for more

innovative building practices.

Industry Consolidation'

As a review of the literature has pointed out, the homebuilding industry has traditionally

been characterized, to a large degree, by small firms. In fact, the homebuilding industry has

been historically held up as a near-perfect example of a competitive market in which there is

a large number of firms, with no firm having enough market power to affect prices, and

relatively low barriers to entry and exit.2 Traditionally, firms tended to operate in

geographically distinct areas, and while competition was fierce in those regions, rarely did a

single builder establish a dominant national presence.

Over the past two decades, this has been less and less the case, and particularly since the

early 1990's the industry has seen the ten largest builders in America increasing in size and

gaining market share, while smaller builders have seen declines in these areas. This growth in

housing starts for the largest builders has stemmed from two factors: building more houses

in their given markets during periods of economic growth (internal expansion) and the buy-

out of smaller regional and mid-sized builders (acquisition).

From 1974 to 2002, the market share (as a percentage of new homes sold) of the ten largest

builders grew from 4.40% to 19.70%.3 Viewing the numbers in terms of single builders is



slightly less shocking. For instance, in 1992, the largest homebuilder in America (Centex

Corporation) built approximately 1.6% of all single family homes sold; and in 2002 the

largest homebuilder (D.R. Horton) captured only 3.2% of the market. While this constitutes

a 100% increase in the market share for the industry leader, 3 .2 % is hardly the type of

statistic that a market leader would shoot for in other industries. However, as housing

economist Elaine Frey has pointed out "if large firms continue to grow at the same rate the

market could become very different, with production and sales concentrated in the hands of

few enormous firms." 4
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Figure 3.1: Percentage of Homes Sold by Builder Size (source: Housing Economics, May 2002)

Large builders typically use the buyout of smaller firms in order to enter new geographic

markets, not to foster internal expansion in the existing markets where they are already

established. Smaller firms with profitable operations and large landholdings are likely targets

of the big builders. While some firms in the top ten have relied more heavily on internal

expansion over the past decade (Ryland Homes, for example, grew internally by 8 5 % and

only attributed 15% of its growth to mergers and acquisitions)', others have grown

predominately through acquisition. For example, D.R. Horton, already cited as America's

largest homebuilder, grew from 1,668 closings in 1993 to 22,772 closings in 2001, with

roughly 2/3 of this growth stemming from acquisitions. Lennar Homes, the third largest

homebuilder in the country, attributes approximately 75% of its growth over the past 10

years to acquisitions. The purchase of smaller firms has clearly played a huge role in boosting

the market shares of the ten largest builders. Some firms have even experienced negative

internal growth while still pursuing rapid expansion through acquisition. Hovnanian Inc., for



instance, increased their closings by 3,120 homes between 93' and 01', yet acquired firms

with closings of 3,501 homes, indicating a -12% rate of internal expansion.'

Table 3.1: Homes Closed by America's Largest For Sale Builders (% indicates market share)
1993 1994 1995 1996 1997 1998 1999 2000 2001

Top 10 9.20% 9.40% 9.70% 10.30% 10.70% 13.00% 15.20% 16.90% 18.40%
Top 300 30.20% 30.40% 31.20% 32.60% 33.40% 35.50% 38.70% 40.20% 41.50%

Top 11-25 5.10% 5.40% 5.50% 5.40% 6.00% 6.30% 6.40% 6.10% 6.60%
Top 26-50 3.90% 3.70% 4.20% 4.40% 4.40% 4.80% 5.30% 5.50% 5.10%
Top 51-100 4.80% 4.60% 4.80% 4.90% 4.70% 4.70% 4.90% 4.80% 4.50%
Top 101-200 4.90% 4.80% 4.60% 4.90% 4.90% 4.40% 4.30% 4.40% 4.40%
Top 201-300 2.30% 2.40% 2.40% 2.70% 2.60% 2.40% 2.50% 2.50% 2.50%

source: Housing Economics, May 2002

It is also important to consider what has happened with the smaller firms in the industry

during this same period. Table 3.1 illustrates the extent to which the growing market share of

the top 10 builders is the driving statistic for the industry as a whole. While the market share

of the top 300 builders grew by 11.3%, this growth is clearly being accounted for by the top

50 builders (note that builders 51-200 actually experienced negative market share growth

during the same period and builders 201-300 experienced fairly minimal growth of .3%).

This growth and consolidation is important to consider for several reasons. First and

foremost, is that it begins to refute the notion that the homebuilding industry is plagued by

fragmentation. While the current statistics certainly don't make the homebuilding industry

analogous to the airline or retail gasoline industries, it is strikingly clear that the trends are

pointing in one direction. The big firms are getting bigger and more profitable, and the small

firms are grabbing less and less of the homebuilding industry's market share.

The rash of buyouts hasn't negatively affected the profitability of this country's largest

homebuilding firms, as might be expected. Pulte homes, for instance, which has conducted

three major acquisitions over the period from 2001-2003, accounting for close to 10,000

home closings, managed to increase profitability from $301 million to $625 million over that

same period. Furthermore, their debt to capital ratio decreased by more than 6%.7 This

increased profitability coupled with the presence of a more sophisticated and liquid capital

market, which is helping to regulate swings in housing demand, is leading to an era in which

large production builders may be more prone to making the large capital investments in



research and development to which they have traditionally been averse. The era of what I

will call the mega-production builder is upon us, and the industry will undoubtedly change

dramatically in the decades ahead. One of the most intriguing of those changes will be the

extent to which these mega-production builders become vertically integrated and manage

their supply chains more efficiently.

Vertical Integration/Supply Chain Management

In addition to increasing their size and profits, large national builders have also become

highly vertically integrated, often bringing in-house activities which used to be performed by

subcontractors and consultants. Large builders now employ their own sales staff, mortgage

lenders, title insurers, general contractors, architectural staff and, most importantly, their

own in-house project financing arms. Some large builders have even become their own

internet and cable television providers in addition to providing termite and pest control

services.

In-house financing stands to have a tremendous impact on the residential homebuilding

industry. Large lenders have historically been characterized by their aversion to what they

consider the risky behavior epitomized by innovative building practices.' Large national

builders, who finance their own projects, will no longer be subject to the lengthily

underwriting criteria of conservative development financiers.

Providing in-house mortgage lending and title insurance services has not only proved

lucrative for giving homebuyers a one-stop shopping experience, but has also proved

financially beneficial to very large builders. The combined revenue garnered from financial

services alone for the top five builders in America totaled over $929 million in 2003.9 These

builders also have large enough blocks of mortgages to sell directly into the secondary

mortgage market, thereby realizing a second round of profits through lending activities. In-

house lending is now a substantial component of most large production homebuilder's profit

margins. Furthermore, having their own mortgage lending arms also allows these builders to

internalize the benefits realized by such government programs as energy efficient mortgages,

which allow qualified lenders to stretch the debt-to-income ratio of borrowers by several



percentage points, thereby opening up a much broader segment of the first-time homebuyer

market to builders pursuing energy efficiency in their homes.

Having internal architectural staff is also vital to some of the more process-oriented

innovations on the horizon for the homebuilding industry. Experimentation with

manufacturing processes requires a much stronger relationship between product designers

and project manufacturers. The notion of Design for Manufacturing and Assembly (DFMA)

has become widely popularized in the recent dialogue surround homebuilding innovation.

During the 1960's, engineering and architectural education in the United States largely

divorced itself from the process of making things as illustrated by the dropping of "shop"

classes from several of America's major university programs.10 The separation of design and

engineering has subsequently haunted the homebuilding industry in their quest to adopt

more innovative manufacturing processes as there is a severe disjunction between the design

and manufacturing fields.

Analogous to the DFMA concept in construction is the practice of Value Engineering, in

which value is added to the end product through the cutting of costs during the construction

phase. The difference between DFMA and Value Engineering is the stage of development in

which it occurs, with DFMA occurring in the design phase and accounting for cost

reductions through both the substitution of different materials and components and the

elimination of processes necessary to build them. Value Engineering, on the other hand

occurs long after the design process has occurred and only adds value through the removal

or substitutions of already designed components thereby greatly decreasing the adaptability

of pre-existing product designs."

The shift to DFMA in homebuilding will require two things: stronger ties between project

designers and contractors/manufacturers and more industrialized construction process as

illustrated by the use of component manufacturing (foundations, walls, roofs) or

modularized construction. The ties between design and manufacturing are already being

fostered by the large production builders through their internalizing of design and

engineering services. Additionally, as these large firms have grown and developed stronger

capital reserves, they are also investing heavily in the manufacturing of components in



factory settings. These trends, when coupled with tremendous advances in object-oriented

CAD systems' 2 , make large production builders ripe to pursue more DFMA practices.

Supply chain management is another trend occurring with large production homebuilders.

Traditionally, subcontractors are shown project plans and specifications, and they, in turn,

provide a bid to the developer for both the labor and the materials. Materials are often

marked up 10-15% beyond what it costs the subcontractor to purchase them. As

homebuilding firms have grown over the past decade, they've come to the realization that

this premium on materials is cutting into their profits and many large builders have been

making greater efforts to "un-bundle" labor and materials. This is particularly relevant to

large production homebuilders who now have national purchasing power. As part of this

effort, many large builders are hiring supply chain management experts from outside the

building industry to streamline the overall costs of buying, installing and servicing products."

Turnkey operations (those in which the subcontractor provides both the labor and the

materials) are still a dominant element in many U.S. housing markets- particularly in the

western U.S. where the construction industry is dominated by extremely large trade

contractors who are capable of dealing with the volumes required by the production

homebuilding industry. Furthermore, profit margins for homebuilders in the west are already

extremely high and those builders may tend to be more focused on land and entitlements

rather than managing material costs. 4 However, even with turnkey operations, large

production builders are attempting to control costs by requiring what is known as "line-item

pricing." Builders develop a knowledge base of exactly what a material costs by obtaining

pricing information direct from the product manufacturer. Trades will often continue to

purchase material, but often with the knowledge that the builder knows how much they're

paying for those products and therefore are unable to raise prices on materials in order to

bolster their own profits.

For the large builders, like KB homes, Centex, Pulte, Lennar and D.R. Horton, who are

successfully unbundling materials and labor, several technological advances have been

required. Just-In-Time (JIT) delivery methods, a term used to describe the delivery of materials

to a construction site, suggests that materials will be brought to their location for final



installation and be installed immediately upon arrival without incurring any delay due to

storage in a staging area (a physical space at the construction site traditionally allocated for

the delivery and storage of materials). The ultimate objective of JIT production is to supply

the right materials at the right time and in the right amount at every step in the process.15

There is no inventory or material storage. This has required production builders to become

logistical experts, and many have developed complicated in-house scheduling software in

order for materials and delivery times to be simultaneously managed across multiple large-

scale production sites. If the material is not there when the trade is scheduled to do the

work, the builder will get charged for that trade's time; thus it is vitally important to a firm's

profitability for materials flows to match construction schedules."

Other, more sophisticated efforts, have involved the development of third party software

manufactures to create supply chain order and delivery interface software. In fact, the

boldest of these efforts came in 2001 when the five largest homebuilders in America'"

partnered with Oracle and Encore Venture Partners to create a joint venture called

HomebuildersXchange, an independent company which plans to offer the first worldwide

homebuilding exchange for online commerce, collaboration and supply chain services. The

goal of the program was to make the exchange a primary source for direct and indirect

procurement of materials and labor for the founding partners, other homebuilders, trade

contractors, distributors, wholesalers and manufacturers."

These types of relationships have an incredible impact on a homebuilder's ability to

implement widespread adoption of innovative or alternative materials. It is often the case

that a new and better material will remain on the periphery of the homebuilding industry due

to cost premiums entailed by that material manufacturers inability to achieve certain

economies of scale. This has often been the case for a wide array of environmentally

responsible building materials. The use of sustainably harvested wood products can be cited

as an example.

The reckless use of timber products has often been cited as one of the homebuilding

industry's most egregious offences in the realm of environmental impacts. The widespread

use of clear-cut lumber and the environmental and social externalities generated through



non-sustainable forestry practices have long been derided for the impact those practices have

on wildlife habitats and watersheds in addition to creating ecosystem changes which severely

hamper the natural environment's efforts to stem the rising tide of global warming. In the

early nineties the notion of forest certification became recognized as a best practice to ensure

the preservation of forest land while simultaneously allowing for the harvesting of timber for

construction and other uses. The certification process mandates that timberland is inspected

by third-party representatives who verify that sustainable practices are being pursued in that

particular tract of land. After the forest itself is certified, wood harvested from that forest is

tracked through "chain of custody" certificates so that the end user is sure of its origins.'"

Currently, certified wood is commanding a cost premium of anywhere from 10-20% above

traditionally harvested lumber due to an extremely constrained supply.

In the mid-nineties, environmental organizations like the Natural Resources Defense

Council (NRDC) and the Rainforest Action Network (RAN) waged war on homebuilding

supply companies like the Home Depot & Lowes, eventually getting them to make long

term commitments to the stocking of certified forest products. Having largely won their

battle with building material retailers, the environmental groups then focused on large

production homebuilders, who, due to their supply chain initiatives, could no longer point

their finger at subcontractors and deny responsibility for lumber purchasing decisions.

The lobbying efforts have had significant effects with two of the nation's largest builders. In

particular, CTX Builder Supply (the supply chain management arm of Centex, the fourth

largest homebuilder in America) made a commitment to integrate a certification screening

program into their supply chain's client list, giving preferential treatment to those

lumberyards, distributors, and manufacturers that can prove their products are composed of

wood harvested from sustainably managed forests." It should also be noted that Centex

went one step further and hired Price Waterhouse Cooper to conduct a forensic analysis of

the homes it was building in order to find out where the wood that it purchased outside of

CTX Builder Supply was coming from and found, surprisingly, that less than half of the

wood was coming from non-certified sources.2



KB Home, the nation's fifth largest homebuilder, also bowed to the pressure from NRDC

and has entered into long term contracts to purchase lumber directly from certified lumber

suppliers. The ongoing effects of these large contracts will undoubtedly put pressure on large

forestry companies to pursue certification of their timberland. In its 2002 Annual Report,

Weyerhaeuser stated that by the end of 2003, all of its American forests would be certified

under SFI and that all of its Canadian forests would be CSA certified by the end of 2004.2

With 2/3 of American lumber being used for residential construction, it is questionable

whether such large scale changes could have been accomplished without the more

consolidated supply chains of the big national builders.

Code Consolidation

The fragmented nature of America's code system has regularly been cited as one of the

primary barriers towards the widespread adoption of innovative practices in the

homebuilding industry. Traditionally, the development of building regulations has not been

mandated by the Federal Government, but rather has been handed over to the states who, in

turn, have often delegated the authority to local jurisdictions. Efforts to regulate the design

and construction of residential structures can be divided into two categories: standards and

model codes.

Product standards tend to have more effect on building component and materials

manufacturers and not housing developers in particular. Typically, when a manufacturer

wants to introduce a new product or material, that manufacturer will request that a "bench

standard" be set by a particular testing agency to insure that the health and life safety issues

related to the product are met. That testing agency will then verify that the new product is in

compliance with the set bench standard. The bench standards and testing methods must be

developed under the guidelines of the American National Standards Institute and the various

testing agencies include, but are not limited to:23

* American Society for Testing and Materials (ASTM)
e American Society of Civil Engineers (ASCE)
e American Society of Heating, Refrigerating and

Air-Conditioning Engineers, Inc. (ASHRAE)
* American Society of Mechanical Engineers (ASME)
e American Society of Sanitary Engineers (ASSE)



* Factory Mutual (FM)
e International Code Council (ICC)
e National Electrical Manufacturers Association (NEMA)
e National Fire Protection Association (NFPA)
" Underwriters Laboratories (UTL)

While getting new products approved can often be a lengthily and arduous process,

manufacturers have traditionally dealt with a fair level of historical consistency with regards

to the regulatory bodies governing product approval. The same can not be said of model

building codes.

Model Building Codes are the enforceable regulatory framework by which buildings are

deemed safe and habitable. Model Codes are adopted through state statutes or local

government ordinance with enforcement being provided by state agencies and local

governments having special jurisdiction. 4 The codes may include, among other things,

reference to the aforementioned building standards as a means of meeting their goals. A

primary obstacle for builders has been the fact that there have traditionally been three model

codes/code organizations recognized in America: the Building Officials and Code

Administrators International, Inc. (BOCA) and their NationalBuilding Code, the International

Conference of Building Officials (ICBO) and their Uniform Building Code, and the Southern

Building Code Congress International, Inc. (SBCCI) and their Standard Building Code.2 s Each

model code was specific to a particular region of the U.S.; BOCA in the east, ICBO in the

west and SBCCI in the south. Individual states have often developed their own regulatory

framework based upon these three model codes. The regional nature of codes can be

attributed to a number of factors including climate, local economy, local building practices

and the heterogeneity of natural forces throughout the country (i.e. earthquakes in California

and hurricanes in Florida).

The fragmentary nature of the code system has posed a particular obstacle to large

homebuilders who increasingly find themselves operating in a variety of different markets

across the country. It is not uncommon for a large production builder to have operations in

upwards of 30 states. The problems created by the local nature of codes were finally

addressed in 1994 through the creation of the International Code Council, which is a

nonprofit organization dedicated to developing a single set of comprehensive and



coordinated national model construction codes. The ICC was founded by members of the

aforementioned regulatory bodies (BOCA, ICBO and SBCCI) and the first edition of the

International Building Code (IBC) was released in 2000, followed shortly thereafter by a second

release in 2003. The ICC has now been adopted by 44 states, as illustrated by the map

below.26

Figure 3.2: Statewide Adoptions of International Building Code (shown in green)
source: ICC website

While the ICC works with localities to encourage the adoption of the code without technical

amendments, this has often not been the case- particularly in states with extremely rigid

regulatory environments, like California, where the model energy code (Tide 24) is the

strictest in the nation. However, the importance of a single model code can not be

understated and the tremendous effort that went into developing the IBC stands to have a

significant affect on the long-term feasibility of large production builders being able to adopt

and deploy innovative practices across multiple regions.

The Competitive Advantage & Ripeness for Innovation

Business theorist Michael Porter has argued that the changing structure of the homebuilding

industry is now creating a tremendous competitive advantage for large production builders.

Porter has pointed to the increasingly high barriers to entry presented by the complexity of

large project developments with complicated entitlement issues and the distinct

disadvantages smaller builders now have in terms of materials procurement as making it

harder for newcomers to enter the industry. Large builders, while financing individual



projects internally, have access to corporate bond financing to add vast tracts of land to their

pipeline, while small builders only have access to bank debt, which is extremely limited in

economic downturns. Porter has also argued that land and location are increasingly the

differentiating factors in consumer's decision to buy, rather than the features of the house

itself, and it has long been the case that the large production builders typically have access to

the better parcels of land that smaller builders can not afford to buy.27

The paradoxical nature of increasingly strict land use regulations and "smart growth"

legislation, which, through the use of such mechanisms as urban growth boundaries tend to

constrict the amount of developable land in any given market, is also fostering the

competitive advantage of large builders. It has been observed that growth controls in most

markets play to the strengths of larger builders because of these companies' ability to control

very large parcels of land for extended periods of time.2
' As Porter has pointed out, more

regulation leads to less developable and therefore more costly land, higher fees and exactions

and slower processes which, in turn, require a more capital intensive entitlement process-

again giving large production builders an advantage in highly regulated markets.

Industry Trends and Innovation

It is also important to consider how these changes may affect the industry's willingness to

adopt more innovative practices- or at least that portion of the industry defined by the mega-

production builders. In Chapter 2, we categorized traits specific to the homebuilding

industry which have limited the deployment and diffusion of more innovative practices. To

re-cap, those traits include:

fluctuating fnancial marketsl
costs of Innovation

firm size & Industry fragmentation

regulatory barriers/
code fragmentation

lack of communication & research

risk/lablifty

market/demand side resistance



It is important to view these barriers in light of new trends being exhibited in the industry.

The first barrier, fluctuating financial markets and the costs of innovations, will, undoubtedly

continue to plague the homebuilding industry. However, it is important to note the

increasing capacity of large production builders to deal with this obstacle. While profits will

undoubtedly ebb and flow with the cyclical movements of the economy in general, the shear

size and geographic diversification of the new mega-production builders will allow them to

confidently weather these changes, and when times are good, they will undoubtedly be less

resistant to investing in technological innovations for fear of when the downturn will arrive.

Firm size & industry fragmentation are also increasingly a thing of the past. While it would

be naive to imply that small builders will disappear from the market, the trend is clearly

towards what might be deemed a subtle blend of oligopoly and small firm competition.2 ' A

small group of large builders will continue to establish a national presence in the industry,

targeting particular segments of the market like first-time homebuyers and retirement

communities. Small firms will maintain a local or regional presence, but will focus primarily

on higher end, move-up or multi-family housing. The small group of national builders,

however, will continually increase their market share through buy-outs of mid-sized regional

entities. The top ten builders today are all projected to grow even larger in the years ahead

and some have estimated that this segment of the industry may hold as much as 40% of the

single family market within ten years." With this size has come the de-fragmentation of

their supply chains, and their ability to leverage their size and buying power into direct

purchasing from manufacturers. These large firms are also just beginning to develop the

sophisticated logistical networks necessary to deliver those materials to a regionally diverse

set of construction sites.

The regulatory barriers are also being overcome in that we are now seeing the beginnings of

a de-fragmented building code system. The widespread adoption of the International Building

Code has now set the stage for an increasingly predictable regulatory environment in a

majority of states across the U.S. While the political, economic and environmental concerns

of individual states will continue to drive them towards amending and strengthening the IBC

model in areas where there are perceived deficiencies, the fact that these states will

increasingly work from the same model code is a good omen for large builders who often



face extensive and diverse regulatory barriers when attempting to adopt innovative practices

at the national level.

Faulty communication channels are still a major problem in the homebuilding industry.

While these channels are being improved upon through government programs like PATH in

addition to the extensive efforts of organizations like the National Association of

Homebuilders (NAHB) and the NAHB Research Center (NAHBRC), progress certainly

needs to be made. The outlook for Research and Development, however, is much better. As

firm size has increased, most of the large homebuilders have invested in developing

extensive relationships with building science consultants such as the Building Science

Corporation (BSC) and Integrated Building and Construction Solutions (IBACOS), and this

trend will undoubtedly continue as the mega-production builders get even bigger. Some

homebuilding companies have gone one step further by integrating research and

development divisions into their own operations.

Risk and liability have traditionally had a tremendous impact on the homebuilding industry's

willingness to innovate. Building or system failures can put any homebuilder in the extremely

difficult position of having to conduct costly repairs or, worse yet, having to buy back the

home in question. While none of the trends itemized in this chapter directly address the

issue of liability, it could be argued that as homebuilders develop closer relationships with

product and material manufacturers, the opportunity will arise for more extensive product

and material testing through the construction of pilot projects. It has further been argued

that tort reform limiting the liability of homebuilders for damages would greatly benefit the

industry with regards to this issue." Given our current political climate, and the seemingly bi-

partisan support for such measures, they may not be far off.

The final barrier, market and demand-side resistance, can largely be addressed through the

extensive training of an integrated sales and marketing staff. Consumers often approach

innovations with trepidation due to their lack of knowledge of the product at hand. Large

builders who have successfully sold innovative practices in the marketplace have been able

to do so because their people on the ground knew and believed in what they were selling.

Large builders also benefit extensively from their reputations. Whether people like them or



not, most would agree that they're didn't get to where they are today by building faulty

products. These builders have tremendous leverage with their reputations and most

consumers would undoubtedly feel more comfortable purchasing an innovative product

from an established market leader rather than a smaller local builder.

It is now becoming clear that trends in the industry are coinciding to create a dynamic in

which large production homebuilders clearly have a competitive advantage over other

industry participants. These trends are also increasing the likelihood that in several years, the

industry may be "ripe" for a period of extensive innovation, whether through building

products and materials or through more advanced manufacturing processes. In fact, with

some builders it is already clear that these changes are taking affect. In the following chapter

I will illustrate one builder in particular which has capitalized on these trends to pursue two

very different types of innovations.
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Chapter 4: The Case of Pulte Homes

Thus far, I have introduced the concept of innovation and how innovative practices and

technologies diffuse throughout industries. I have also reviewed an extensive body of

literature on the homebuilding industry which has presented compelling arguments for why

its structure has led it to be historically characterized as change-resistant. However, even the

most recent studies on innovation in homebuilding have neglected to account for structural

changes to the industry- as characterized by firm consolidation, vertical integration, supply

chain management techniques, more responsible capital markets and building code

consolidation- which are leading to a period in which there will be two distinct sectors of the

industry: the mega-production builders and the rest of the industry which will continue to be

characterized by smaller local and regional homebuilders.

This thesis argues that the mega-production builders, due to many of the trends illustrated in

Chapter 3 of this thesis, are entering a period in which they will be ripe for more innovative

practices; many of which will serve to lessen the vast environmental impacts which are

increasingly evident in the industry. In order to test this hypothesis I have undertaken case

studies of two divisions of one of America's largest homebuilders, Pulte Homes. The two

divisions which I have chosen to study have both made efforts to incorporate innovative

practices and technologies into their operations and in both of the case studies the

innovations and technologies used have lessened the environmental impact of the

homebuilding process and the homes themselves. That said, the case studies are very

different in nature. As previously mentioned, the innovations in the Las Vegas Division, are

extremely localized, heavily dependent on the assistance of government programs and strive

to improve upon existing building practices without calling into question the fundamental

manner in which homes are built. The other, the Washington D.C. Division, is a more

centralized effort being propagated by Pulte's national headquarters and has led to systemic

changes to traditional homebuilding practices by utilizing more industrialized technologies to

build the shell of a home in a factory setting.

The case studies illustrate the feasibility and potential for both the incremental and moderate

technologies utilized by the Las Vegas division and the more radical innovations utilized in

the Washington D.C. division in addition to gauging the efficacy of government and private



sector programs which were largely the impetus for the changes instituted in Las Vegas.

Both case studies relied on personal interviews with representatives from Pulte Homes, Pulte

subcontractors, regulatory officials and representatives of government programs promoting

innovative practices in homebuilding. Additionally, both studies have relied heavily on trade

publications and technical studies which have been written on the homes in both divisions.

Furthermore, a site visit was made to the Washington D.C. division, though I was unable to

travel cross country to view the Las Vegas division's operations. Before looking at the cases,

it is important to provide some background on the company itself.

Pulte Homes: Background

William Pulte built his first home in the summer of 1950. The home was a five-room

bungalow in Detroit, Michigan and served as the forerunner to Pulte Homes, a corporation

that would grow to become one of the largest homebuilders in America. To date, Pulte has

built close to 400,000 homes in the 27 states in which the company currently operates.

As with most large homebuilders, Pulte's growth spurt has occurred primarily over the past

twenty years. In terms of completions, Pulte has ranked in the top three builders for 16 of

the past 20 years. The company's growth in home completions is illustrated in Figure 4.1.

Pulte's growth in revenue has also skyrocketed as illustrated in Figure 4.2. Similar to other

large builders, Pulte's growth over recent years has stemmed not only from internal

expansion, but also from acquisitions.

In 1998, Pulte acquired DiVosta homes, a regional builder in Florida. The acquisition

stemmed, not from Pulte's desire to enter the Florida market, as Pulte was already operating

throughout Florida, but in order to adopt the small builder's savvy methods of construction

and vertical integration, as will be discussed below. Another large acquisition occurred in

2001, when Pulte bought Del Webb Homes, a national builder who completed over 8,000

homes in the year prior to their acquisition. The Del Webb merger is interesting in that it,

too, was not an effort to enter new markets but rather an attempt to enter into the "active

adult" market segment. Pulte and Webb were often competing in the same market, but

taking on very different segments and Pulte identified the baby boom generation as being



primary homebuyers in the decades ahead and strongly desired Webb's expertise in this

particular market.

Figure 4.1: Pulte Home Completions: 1983-2004
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Figure 4.2: Pulte Revenue: 1983-2004
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At the end of 2003, Pulte posted over $9 billion in revenues and $624 million dollars in

income. Additionally, they closed the year with 257,000 lots in their pipeline, 47% of which

were owned outright and 53% of which were optioned or pending.' These statistics would

imply that Pulte has both the land and the money to continue its dominant presence in the

U.S. Homebuilding Industry.2

Pulte operates largely as a conglomeration of 40 decentralized profit centers, each of which

has traditionally functioned with relative autonomy in regards to Pulte's corporate

headquarters, still located in Detroit. The individual divisions are largely responsible for land

selection, project design and development; while the corporate headquarters serves as a

project financing arm either with its own money or through extensive lines of credit

established with international banking organizations like Credit Suisse. That said, Pulte's

corporate headquarters is playing a more crucial role in product development as the

company continues to grow.

As the industry has evolved over the past decade, Pulte, too, is in the early stages of large

scale structural changes. Pulte has ambitiously projected that its growth will continue at the

rate exhibited over the past ten years by doubling its output by the end of 2006. In order to

do so, the company is pursuing a variety of strategic maneuvers in an effort to capitalize on

its size, geographic diversity and wealth. One of these changes includes the creation of a

centralized supply chain management arm of the company. In order to consolidate their

purchasing power, Pulte recently hired the general manager of Wal-Mart's distribution center

to streamline the purchasing process across a variety of different markets. Integral to this

effort will be the simplification of Pulte's plans and specifications. By the end of 2004, Pulte

had trimmed its standardized house plans down to 2000, with an eye to reduce it all the way

down to 1,000 by the end of 2005.'

To further the effort towards vertical integration, Pulte has developed three distinct models

across the country, two of which stem from buyouts of existing homebuilders and

subcontractors- the Pratte and DiVosta models; the third of which is an internally driven

effort at a factory based approach to homebuilding- the Pulte Home Science Model.



The DiVosta Model

In 1998 Pulte bought DiVosta Homes, a regional homebuilder in Florida. DiVosta was

unique primarily for the extent to which the small Florida Builder had vertically integrated its

building processes and trimmed extensive time off of its construction cycles through the use

of its assembly line approach to on-site construction. DiVosta has their own manufacturing

and assembly processes for such things as kitchen cabinets, plumbing, electrical and HVAC

systems. 4 Integral to the process is the adoption of a system of re-usable concrete forms

which can be rapidly moved from one site to the next. Furthermore, most of the trades

working on a DiVosta site are employees of DiVosta Homes, as opposed to subcontractors,

which greatly reduces the likelihood of communication breakdowns between horizontally

fragmented trades. The DiVosta model trims its construction cycle (the amount of time

required to build a single house) to 55 days- twenty days faster than Pulte's own cycle time.5

Recently, Pulte has attempted to export the DiVosta model to the Southern California

market, and it is unclear at this point as to the success of that diffusion. Problems thus far

have stemmed from the fact that the DiVosta model is largely dependent on concrete

construction as opposed to the Southern California homes which are mostly wood framed;

thus the time savings exhibited in Florida have not been realized in the Los Angeles market.

Furthermore, the DiVosta model was entirely dependent on the vertical integration of the

various trades involved in building a home; in the west, given the size of the trades, this

proved much more difficult to do and thus Pulte attempted to operate the system with a

fragmented trade base which often switched from job to job.

The Pratte Model

In early 2004, Pulte entered into a joint partnership with the Phoenix-based Pratte

Construction Company in order to create Pratte Building Systems. The Pratte model is

essentially the buy-out of an extremely large subcontractor in an effort to bring certain

construction services into the Pulte suite of activities. The buy-out was initially the idea of

Ron Pratte who had a vision of decreasing homebuilder costs by utilizing a single

subcontractor to deliver the full shell of the building.' The joint venture cost Pulte an

estimated $42 million and will provide for framing, plumbing, foundation and trim services

in their Arizona and Nevada markets.7 The markets of the western United States- Arizona,



Nevada and California in particular- have posed tremendous problems to large builder's

aspirations of vertical integration. This is because these markets are characterized by

extremely large trades whose own profitability and purchasing power will often match the

homebuilding companies they work for. This has made it difficult for builders to successfully

uncouple labor and materials in what is a very hot market- Phoenix and Las Vegas, alone,

will account for close to 25% of Pulte's closings in 2004.

In a sense, the Pratte model can be viewed as a regional variation on the DiVosta model, but

is, as of yet, not as extensive as the Florida builder's approach. It is, however, expected to

reduce the cycle times, lower costs, strengthen manufacturer direct-purchasing and provide

for greater regional operating leverage in many of Pulte's key western markets.

Pulte Home Sciences

In the early 90's Pulte began experimenting with manufacturing processes in Detroit,

Michigan by constructing a pilot facility to prefabricate foundations in a controlled

environment. Other experimentations included floor and wall systems and by 2000, Pulte

was ready to export the factory approach into the Washington D.C. market with the

construction of a full-fledged manufacturing facility in Manassas, VA. The plant opened up

in 2002 and has since produced several hundred homes, expecting to top 400 this year alone.

At full capacity, it is expected to produce over 1,000 homes a year. The system entails

converting raw materials into foundation, floor and wall assemblies which are trucked to and

assembled on site. Eventually, the facility will be handed over to the Washington D.C.

operating division and the PHS manufacturing group will focus on building a new plant in a

another market.

The PHS system represents a substantial deviation from traditional home construction in

that it utilizes SIP wall panels and prefabricated foundations. Furthermore, it has required

Pulte to invest heavily in research and development in an industry that has traditionally

exhibited an adversity to such large scale investments. The PHS system will be discussed in

more detail later in this chapter.



If the homebuilding industry is to be considered as a complex social system, each of the

above three models reflect a different approach to the manner in which the participants in

that system interact. The extent to which the environmental benefits of a particular

innovation can be realized will be largely dependent on the extent to which each of the

participants in the system can benefit from that innovation. The following case studies will

attempt to dissect two very different approaches to innovation currently being pursued by

Pulte Homes in an effort to understand the complexities of such systems.

Earlier in this paper, I introduced the chain-linked model of innovation, and I will include it

here again for reference as it is an important process to keep in mind when considering both

of these case studies. The components of this model provide us with a framework from

which to consider the case studies at hand.

Research

Knowledge

Invent and/or
Potential Market Produce Analytic Detailed Design Redesign and Distribute and

Dein and Test Produce MarketDesign

Figure 4.3: The Chain Linked Model of Innovation

Las Vegas: The Building America Partnership

Potential Market

As home prices and property taxes continued to rise in states like California, more affordable

markets like Arizona and Nevada became incredibly attractive to homebuyers and

homebuilders alike. It is interesting to note that in 1992, none of the nationally ranked

builders was operating in Las Vegas, but by the end of 2002 six of them were and they had



acquired a 36% share of the market.' Pulte entered the Las Vegas market in 1993 and has

since become a major market player, holding 8.5% of the entire Las Vegas single family

detached market in 2002. This year, Pulte expects to complete approximately 3500 homes in

Las Vegas and holds an estimated 8000 lots in their "pipeline" for the next two years.9

While Pulte was gaining market share in Las Vegas, the federal government was strategizing

on how to improve the energy efficiency of the average American Home. In the early 90's,

George James, who at that time was heading up the Industrialized Housing Program at the

Department of Energy, met Mike Dickens from G.E. Plastics to discuss problems

encountered during a recent G.E. effort to build an all plastic house in Pittsfield,

Massachusetts. The two concluded that homebuilding lacked the systems engineering

approach which characterized both the aerospace and automotive industries and as a result,

the DOE provided a small grant to ABICOS (General Electric's housing products unit) to

investigate integrating a systems engineering approach into residential construction.'0 The

pilot program proved successful and in 1994 a full RFP was issued and the Building America

Program officially came into being with four teams working across the country, one of

which was the Building Science Corporation in Westford, Massachusetts."

The Building Science Corporation is a building research consulting firm which specializes in

resolving problems related to building design, construction and operation. 2 As experts in

building system failures, the firm is often called upon to provide testimony and consultation

in cases relating to large scale residential building failures. The past two decades have

provided several such instances in which their expertise has been relied upon by large

production homebuilding corporations, the most prominent of which were the failures of

fire-retardant plywood and Exterior Insulation and Finish Systems (EIFS)." Such systems

failures, combined with consistent warranty and callback issues resulting from quality control

problems, were undoubtedly the genesis of BSC's relationship with Pulte Homes. 4 In recent

years, however, the firm has devoted increasingly more of their time to researching energy

efficient technologies in residential construction and their expertise in the field is

undoubtedly what won them the Building America contract. With contract in hand, it was

now up to BSC to find industry partners with whom to test their ideas.



One of the regions in which BSC was anxious to work was the hot and dry climates of the

desert southwest. Knowing that Pulte was establishing market share in the area, BSC sought

Dave Beck, then the Vice President of Construction for Pulte's Las Vegas Division at the

time and asked him to participate in the program. After consulting with management, sales,

marketing, land development and the division president, Dave got approval to work with

BSC in the partnership."

Pulte's reaction to the BSC offer was neither sudden nor entirely energetic. There are several

reasons for why this may be the case. First, Pulte is essentially a large private sector

bureaucracy and while the Las Vegas Division had a local "champion" for the project, in the

form of Dave Beck, making a contractual obligation with a quasi-governmental third party

which essentially ceded design control over certain building systems was not taken lightly.

Second, the program did not provide very strong incentives from the builder's point of view.

It involved taking large risks, spending a portion of their own money to do so, not

necessarily getting all of the credit for their successes and if the systems failed or became

problematic the responsibility would largely fall with the builder. The prospects of such a

partnership may not have seemed lucrative to a corporation which already devotes a large

portion of its time fending off lawsuits from disgruntled costumers.

So why would Pulte pursue such a partnership? One reason may lie in an extensive costumer

survey conducted by the company in their Tucson, Arizona Division (a division which can

be considered climatically and demographically similar to the Las Vegas Division). The

survey illustrated that 55% of those questioned said that energy efficiency ranked as a "very

important" factor in deciding to purchase a Pulte Home. The survey also found that

approximately 67% of homebuyers were willing to spend $1,200-$1,500 more on a home

with added energy efficiency features; albeit with the caveat that those features would

provide $300 in yearly savings over the life of the home.16 Consumer surveys, however, can

often yield inconclusive evidence. It has been shown that when homebuyer survey questions

are left open-ended and consumers are left to fill in their own responses, rarely do those

responses include energy efficiency as a priority. However, when energy efficiency is

included as an option for survey respondents to check, it consistently ranks as a top priority



implying that when consumers are presented with the option in a survey, they may be

"guilted" into the politically correct response."

The answer may also lie in the fact that Pulte, along with most large production builders in

the southwest, was experiencing fairly high callback rates. Researches from the University of

Central Florida recently conducted one of the first statistically valid studies of new home

quality in the U.S. by conducting a random survey of over 400 homes completed in central

Florida in 2001. The survey indicated that 95% of the homes had "priority" defects, meaning

that the lapses in quality were resulting in potential health, structural, operational and safety

risks.'" Researches summarized that defects were stemming from the rapid cycle times of

production homes and the resultant pressure on unskilled, immigrant labor forces that were

unable to work at such speeds without sacrificing quality. 9 While the study was conducted in

Florida, the research team felt comfortable generalizing the results to the entire production

homebuilding industry, and undoubtedly, with the amount of homes being built in Las

Vegas, Pulte was feeling the effects of such issues. Serious quality control issues were causing

the behemoth builder to reassess its approach to construction, and as previously pointed out,

were the catalyst for Pulte's relationship with building science experts to begin with. The

affects of these quality control issues were made manifest in several forms.

For one, Pulte had to undertake costly repairs and in some cases buy back homes from

disgruntled costumers."' Secondly, insurance premiums were exploding and many

homebuilding insurers were bailing out of the Las Vegas market altogether. Large national

insurers like the Hartford Group and AIG have refused to insure Las Vegas homebuilders as

a result of hefty construction defect lawsuits in that particular market.2' The claims were

affecting both the good and the bad subcontractors in the industry. Subs without a defect

record were facing premium increases of 30-60% while those with previous claims could

expect increases in the 200-300% range, with some subs seeing increases as high as 450%.22

As these increases would eventually be passed onto the consumer in a fiercely competitive

market, Pulte undoubtedly viewed the Building America partnership as a means of not only

improving energy efficiency but utilizing the "systems approach" of the program to reign in

quality control issues throughout the division. Ed Pollock, of the Building America Program,

has acknowledged the fact that energy efficiency isn't a big market driver and that a lot of



times, the thing that hooks the builders is the ability to deal with other quality control issues

peripheral to energy efficiency, like mold or moisture control.2

In essence, we can consider the partnership evolving out of two "potential markets." First,

the Building America Program was seeking a market for their research. Building America

needed builders, not consumers. While the stated goal of the Building America Program is to

work with the production homebuilding industry, it is not clearly stated what size production

builder they hoped to work with. Clearly, a builder the size of Pulte and the potential impact

of integrating more efficient construction practices into Pulte's operations would be a

feather in the cap of any team and BSC was undoubtedly anxious to get them on board.

Secondly, there is the consumer market in Las Vegas which is of direct concern to Pulte.

While it can not be concluded that the demand for energy efficiency, as exhibited in market

research studies conducted by Pulte, was the overwhelming impetus behind the

corporation's willingness to participate in the program, the bundle of services which came

along with the partnership, including a more careful approach to quality control through

partnership field inspections and the ability to reduce call-back and warranty issues were

undoubtedly key motivators for Pulte in partnering with BSC.

Inventing and/or Producing an Analytic Design

The nature of the contract between Pulte and BSC was essentially a 50/50 partnership in

which BSC would conduct the design, testing and post construction monitoring on the

finished projects in addition to providing technical support during construction to trades and

code officials while Pulte would cover the bricks and mortar costs of developing the

prototype projects along with a commitment to implement feasible changes at the

community level (full development) on an ensuing project. Once BSC had a signed contract

from Pulte they began the design of the prototype systems for the hot/dry climate zones in

which they would be working.

The key concept behind the changes BSC wished to make to the Pulte houses in Las Vegas

was the use of an un-vented attic space. BSC believed that the traditional Pulte approach

(common with all production homebuilders) of placing the insulation on top of the ceiling

rafters and then placing the duct work in the un-conditioned attic space, made the cooling



and heating systems in the house work harder than they needed to. In the winter the vented

attic would be cool and in the summer the attic would be hot, thus the un-sealed, un-

insulated duct work would be absorbing the ambient temperatures of the attic space and

working harder to perform heating and cooling functions, in turn using more energy. BSC's

idea was to create an un-vented attic space in which the insulation was placed tightly against

the sloped portion of the roof, thus making a conditioned space out of the attic.

Figure 4.4: Standard House (source: Building Science Corporation)
Fully Ventilated Attic, leaky ductwork, space conditioning in vented attic, barrier at ceiling24

Figure 4.5: Test House (source: Building Science Corporation)
Non-ventilated attic, insulation tight to underside of roof deck, leaky ductwork, space

conditioning inside conditioned attic space2s

Prior to construction of the prototypes, BSC conducted computer simulations of different

construction methods to test their theory that un-vented attic spaces would provide for

better home energy performance.26 The analyses were conducted using software packages

developed by the Florida Solar Energy Center, a research arm of the University of Central

Florida. The software, FSEC 3.0, is a general building simulation program, which provides

detailed simulation of a whole building system, including energy, moisture, multi-zone

airflows, air distribution systems and cooling and heating equipment simultaneously.27 The

software was far more sophisticated than current energy modeling packages available at the

time.



Other proposed design changes included the utilization of advanced framing techniques,

downsized HVAC systems (historically HVAC (heating, ventilation air conditioning) systems

are over-sized in the production homebuilding industry), Low-E glazing on the windows,

integrated hydronic floor and hot water systems and whole house ventilation systems to keep

air circulating in what was going to be a very tight building envelope. These systems will be

elaborated on throughout the case study.

Detailed Design and Testing

The computer modeling proved out BSC's theory on attic ventilation and it was decided that

three houses would be built in Pulte's Angel Park subdivision in Las Vegas, Nevada. Two of

the houses would be constructed using BSC's energy efficient measures, while one would be

treated as a "control house," built using Pulte's traditional methods of construction.

There were, however, a variety of problems which had to be dealt with prior to construction.

First and foremost was that the new roof system ran against the grain of existing building

codes. At the time, Las Vegas was working with the 1993 version of the Model Energy Code

which mandated the ventilation of attic spaces. The ventilation requirement is based on two

commonly held beliefs. First, that attic space will over-heat due to the solar gain on the roof

surface and break down roofing materials prematurely, possibly leading to moisture damage

in the roof structure; the intent of the ventilation is to lower the surface temperature of the

roofing material.28 Second, the requirement is imposed so that the home's cooling loads,

generated by the solar gain on the roof can be lowered. 9

In order for Pulte to get permission to build the test house, BSC had to convince the

building code officials from the City of Las Vegas to allow Pulte to construct the pilot

houses. This involved BSC flying to Las Vegas to make presentations to the building

department about how their studies were indicating the system would perform and how they

planned to achieve the un-vented roofs in the field so that they could get a code variance in

order to build the houses. It also involved bringing inspectors out to the field and showing

them exactly how the system was being constructed." Once the regulatory hurdle was



passed, it was essentially a matter of constructing a "one-off" house prototype and

monitoring its performance.

The major obstacle to the construction of the houses was the code variance. There were,

however, other minor changes which were required to make the homes more efficient and

achieve cost feasibility. The un-vented roof had improved the efficiency of the house to a

point where the tonnage of the air conditioning unit could be decreased which resulted in a

substantial cost savings. These cost savings, however, were consumed by the framing

changes necessitated by the new roof system. Furthermore, the window systems were

switched to include low-E glazing, which essentially allows the window to transfer natural

light while stopping the transmittance of heat into the structure. The system also involved

switching from a forced air to a hydronic heating system, which runs heated water from the

domestic hot water heater through fan coils in the ventilation system to heat the home,

thereby eliminating the need for a furnace. Finally, the fact that the house was built with a

much tighter envelope posed indoor air quality issues and the houses had to be outfitted

with controlled fresh air ventilation systems."

All of the technologies being used in the initial prototype house involved what has been

defined as sustaining technologies. All of the products used already existed in the market

place, though they had yet to achieve widespread acceptance. For instance, it was not

standard practice for production builders to use the higher end glazing systems on their

windows and a shift of this nature disrupted the supply chain relationships between Pulte

and their window supplier, Summit Windows.

The trades who were most affected by the changes were the HVAC, framing, and insulation

subcontractors, all of whom had to change the way they traditionally worked on a

production home. The framers were now being asked to pursue advanced framing methods

in addition to accommodating the more sophisticated insulation system in the roof deck

which required the placement of draft stops within the framing to prevent air from

circulating through what was suppose to be an encapsulated roof plane. Advanced framing

methods have been present in the building industry for decades. The system has undergone

structural testing and has gained code approval nationwide, though the framing method



has failed to gain widespread acceptance until recently, and still commands very little of the

stick-built market. The concept behind advanced framing techniques is to increase the stud

spacing on a stick built house from 16" to 24" centers, use a single top plate and a variety of

other structural details which, when combined, can decrease the amount of wood used to

frame a house by approximately 30%. Advanced framing techniques are illustrated in Figure

4.6. The method has the added benefit of increasing the amount of insulation in a wall and

decreasing the number of "thermal bridges" between the interior and exterior faces of the

wall. The framing, however, must be carefully constructed. Ceiling and roof rafters must

align perfectly with wall studs (thus, the system is often referred to as "in-line" framing).

Other details require more care- using two studs in each of the comers, as opposed to three

or four, requires the use of drywall clips to hold the interior finish systems in place. While

the changes aren't rocket science, they require more thoughtful framing, which often puts

the technique at odds with the lightening quick schedules of production home framers.
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Figure 4.6: Advanced Framing Diagram

(Source: U.S. Department of Energy)



The major change for the HVAC contractors involved the use of whole house ventilation

systems. Now that BSC had designed a much tighter building envelope, the amount of fresh

air circulating through the structure was greatly decreased and a new mechanical system had

to be introduced to increase the air flow. Additionally, the HVAC contractor was now

responsible for reducing the "tonnage" of the air conditioning unit. Reducing the size of the

ac unit posed market obstacles to Pulte. Sam Rashkin of the Environmental Protection

Agency's Energy Star Program has equated the air conditioner to a large eraser used to delete

the mistakes of builders. The bigger the eraser, the more mistakes have been made in the

house. Large production builders typically oversize air conditioning units in hot climates

because they are unsure of the thermal efficiency of their building envelopes, thus

consumers have come to expect tremendously over-sized units. Pulte's initial concern was

that introducing smaller units into the market would be met with consumer trepidation. To a

large extent, the HVAC subcontractor, Sierra Air Conditioning, shared this concern as they

would be the party responsible for handling any of the call-back issues. 3 A final important

change for the HVAC subcontractor was to properly seal all of the ductwork. BSC identified

the joints where two pieces of ductwork come together as extremely leaky in most homes,

thus conditioned air was being blown into the space that contained the ducts instead of the

home's rooms. It was discovered that by placing mastic on all of the duct joints, air leakage

could be reduced by 10%-15% throughout the system, thus saving substantial amounts of

energy.

Furthermore, the coordination between the plumbing and HVAC contractors required to

integrate the hot water and hydronic heating systems proved very difficult. 4 Traditional

system designs allowed subcontractors to behave somewhat autonomously at the site, each

performing their desired tasks. A system such as this required careful coordination between

two trades who did not traditionally work together, particularly on a large production

building job which is more akin to an assembly line.

Insulation contractors also had some changes to deal with. The first pilot houses were built

using what is referred to as batt insulation, which comes in large rolls and is manually

installed in the cavities between framing members. Moving this insulation into the roof deck



meant that the installers had to devise a method of attachment which would hold the

insulation in the sloped plane of the roof. The tolerances for the installation had to be zero,

as any air space left between the insulation and the roof sheathing could become a

condensation point which could spread mold throughout the roof structure. Early

experiments involved using metal wire to hold the insulation in the rafter spaces which

proved to be incredibly time consuming for insulation installers.3" A better product was

required which could more easily facilitate the installation process, and it came in the form

of sprayed cellulose insulation, which though widely used in the building industry had yet to

penetrate production builders because of the increased cost of both the raw material and

installation process."

Once the houses were built, BSC conducted extensive testing on the pilot and base case

homes. Temperature sensors were installed throughout the houses (both interior and

exterior), air conditioner energy use was measured and air leakage tests were performed. The

initial testing indicated that heating loads were being reduced by 50%, cooling loads were

reduced by 25% and gas bills would decrease by 30%.37 Furthermore, BSC found that by

sealing up the attic, they had reduced the duct leakage by 41% which accounted for a 10%

reduction in energy used for space conditioning.3 Finally, the temperature sensors which had

been placed in the insulation, roof sheathing and roof tiles indicated that the temperature

increases resulting from the un-vented system where minimal.39 Based on the testing, the

decision was made to go ahead with a full scale development.

Redesign and Production

With the success of the Angel Park Homes now firmly established, Pulte decided to carry the

partnership forward and implement the changes at the community level on the Cypress

Pointe Project, a 116 home subdivision also located in Las Vegas. Given the success of the

Angel Park projects, there were very few changes between the two houses built there and the

full scale developments at Cypress Pointe. The transition is worth noting, however, because

problems which were identified in the Angel Park subdivision became somewhat

exacerbated in the Cypress Pointe Project.



Given that the Cypress Pointe houses would be a full-blown production operation as

opposed to prototype houses, issues of cost became incredibly important to Pulte. It would

appear as if their faith in their own marketing data was less than strong, given that they were

reluctant to pass increased costs onto their consumers. Dave Beck estimated that the original

houses were costing $1500 more to construct- most likely due to subcontractors getting over

the learning curve involved with the new structures."' Pulte felt that they couldn't pass these

added costs onto consumers, despite the fact that their own consumer survey indicated that

they could.

Around this time, Greenstone Industries, a cellulose insulation manufacturer, developed a

program in conjunction with BSC called Engineered for Life (EFL- See Appendix #1 for

program documentation). Cellulose insulation is a loose filled insulation product, which as

previously mentioned, is blown into cavities between studs and provides far superior

insulation quality to batt products mainly because of its inherently better installation process

which tends to not leave air gaps in the wall system. While cellulose insulation was gaining

market share, it had yet to penetrate the production homebuilding industry and Greenstone

devised a way to assist production builders in the transition. The concept, developed by Rick

Davenport and Brad Townsend at Greenstone (a Louisiana-Pacific Company with whom

Pulte would later develop a major supply chain contract for engineered lumber) was to

provide a manufacturer guarantee on energy bills. The EFL program essentially stated that if

the house was built properly (i.e.- if the house was built to the Building America standards

developed by BSC) Greenstone would guarantee the homes energy bills to be below a

certain limit. Integral to the guarantee was that the builders use cellulose insulation.

Figure 4.7: Batt Insulation (on left) vs. Cellulose Insulation (on rights)



The EFL program defined three tiers of energy efficiency- silver, gold and platinum.4 ' Each

level mandates increasingly strict energy efficiency techniques, and if gold or platinum is

achieved, Greenstone would make the energy bill guarantee for two years. Some have argued

that the notion of having three different rating levels within one program poses the danger

of becoming "disinformation" to the consumer- whose attention span for an energy

efficiency sales pitch will typically last all of 5 minutes before moving onto countertops and

sprinkler systems. The danger lies in a platinum builder implying that anything below that

level is inefficient and, conversely, a silver-rated builder implying that there are no added

benefits to paying for the higher levels of certification. The average consumer doesn't have

the technical savvy to be able to differentiate between the systems, thus the danger of

"disinformation." 4 2 That said, the energy guarantees provided a strong incentive for Pulte

Homebuyers. It should also be mentioned that the benchmark for achieving the gold level of

certification entails the house meeting Energy Star requirements, which brings us to a third

partnership utilized in the Pulte Projects.

Figure 4.8: Pulte Promotional Billboard

Energy Star, an EPA program originally developed to label energy efficient personal

computers, evolved to label home appliances like dishwashers, toasters and refrigerators and

eventually, in 1995, began labeling whole houses. Unlike the DOE's Building America,



which is considered a Research and Development program, Energy Star is a labeling and

marketing tool used by third party certifiers to sell a home as "energy efficient." The

guidelines for meeting Energy Star typically mean exceeding the Model Energy Code or the

International Energy Code by 15%-28% depending on which climate zone you're in. If the

state energy code is stricter, the percentage increase will be applied to the state code. The use

of the energy star label can often be an important sales attribute for homebuilders

attempting to differentiate themselves from the rest of the pack.

The Las Vegas market latched onto Energy Star fairly aggressively through a well organized

group of local stakeholders that included builders, raters, local homes guides, publishers,

manufacturers and utilities known as the Las Vegas Breakfast Club. The group would meet

periodically (presumably over breakfast) to discuss methods for promoting Energy Star

ratings in the local market. The Las Vegas Breakfast Club is regarded by the EPA as a model

local Energy Star organization who's championing of the program was a key element to the

local success. While Pulte was a member of this group, they did not assume a leadership role

in the program.'

The energy bill guarantee provided a strong incentive for Pulte to shift to cellulose

insulation, which in turn made the un-vented attic spaces much easier to construct. It is also

an interesting case of multiple parties working together and sharing information to achieve

their goals. Greenstone's EFL program depended on Building America's energy modeling

and pilot home testing in order to calibrate their financial guarantees. Furthermore, they

relied on the Energy Star program in order to set their threshold benchmarks and, finally,

they depended on Pulte to purchase and install their product. The program also proved

beneficial to Pulte in terms of reigning in their quality control issues, as it required on-site

inspection of building systems to ensure each component was properly installed in order to

maximize energy efficiency. While the program largely proved a success for everyone

involved, other obstacles still remained.

Despite their success in getting the pilot homes approved by code officials, Pulte still

encountered regulatory resistance for the un-vented roofs at the Cypress Pointe subdivision.

The code approval process required yet another round of seminars and training sessions led



by BSC in order to obtain the necessary code variances to install the new system. It is

interesting to note that, to this day, the interpretation of the International Energy Code in

Las Vegas still requires attic ventilation in spite of the fact that the un-vented system has

been widely adopted with proven efficiency results." While the variance procedures have

become much easier, a new code has yet to be adopted in spite of eight years of proven

success. In 2004, BSC submitted a code change addendum to the International Electricity

Conservation Code (IECC, the code now adopted by the City of Las Vegas) and it is

expected to take affect in 2006.

Furthermore, the shift to an entire subdivision required more than just one or two

subcontracting crews to learn and understand the new building techniques. While framers

appear to have been open to the draft stops and un-vented roofs, which they viewed as

substantially improving the building envelope, the advanced framing techniques were

proving difficult to enforce in the field. This appears to have stemmed from the notion that

the framing crews believed that Pulte was just attempting to cut costs by using less wood and

that the Pulte supervisors in the field didn't have enough practical experience when it came

to building houses. In the words of one framer, "There was no common sense in it, they

weren't construction people. Pulte was going to BYU and hiring construction guys fresh out

of college, but they didn't have the experience that said 'Sure, you can put one stud on each

side of the door, but Ms. Jones isn't going to be happy at the end of the day because the

whole front of her house is gonna' shake when she slams her front door. "' 45 The perception

appears to have been that the advanced framing techniques needed to be more flexible and

less driven by the need to get more wood out of the house.

The framer had a legitimate concern as callback issues related to the framing were entirely

his/her responsibility. It is an instance when fear of liability was driving the decision making

process in the field for lack of information or structural verification with regards to the plan

being built. "We were structured as a cost deal," meaning that Pulte was paying for materials

and the framer was providing labor, "it wasn't worth it to me to save them twenty bucks if it

was gonna' cost me ten grand down the line."



For years, Building Scientists and engineers have been pointing to the fact that the drawing

of a wall framing plan would alleviate much of the bickering about advanced framing

techniques. In architectural documents, it is common for a set of plans to include a floor

framing plan and a roof framing plan, but hardly ever does a set of drawings include a wall

framing plan- a visual representations as to how the studs in a wall are to be placed. The wall

framing plan would allow for conflicts between engineering and architectural design to be

resolved prior to construction, rather than for people in the field to be arguing about which

stud needs to be where. Additionally, the plan would relieve the framers of liability concerns-

they would have a plan to point to in case there was ever any problems.

Figure 4.9: Wall Framing Plan (source: Building Science Corporation)

Beyond the framing crews, BSC was encountering difficulty in convincing Pulte's structural

engineers to go along with the new framing techniques. Pulte handles engineering on a

project by project basis and conducts business with a multitude of different engineering

firms.46 As for the long-term diffusion of the new practices within Pulte, having internal

engineers would have helped greatly from project to project, yet when viewed in light of the

industry as a whole, it may have helped for BSC to be educating a broader constituency of



engineers who could then carry the lessons to other builders. It is, however, unclear whether

or not this actually happened.

At the subdivision level, Pulte also had to begin dealing with their material suppliers to bring

new and better performing products to the market. In the case of insulation, the change was

largely facilitated by the EFL Partnership; however, this wasn't the case for all products.

Windows proved to be an incredibly difficult obstacle. The new windows were specified as

"spectrally selective," with low-E glazing systems and low solar heat gain coefficients, all of

which goes to say that they let in the light and block out the ultra-violet solar rays which

generate internal heat gains. These types of windows were a niche product in the mid-

nineties and to produce them at the scale required for a builder of Pulte's size entailed

substantial costs. It has been estimated that the new vinyl spectrally selective windows,

which replaced aluminum windows with clear glazing were commanding a 35% cost

premium." Both Pulte and BSC encountered a certain amount of resistance from the

window manufacturer and distributor in bringing the product to market. Ironically, once

they arrived the windows gained widespread acceptance within a period of a few years, due,

not only to their increased efficiency, but the fact that by blocking ultraviolet rays they

prevented interior finishes, like wallpaper and carpeting, from fading over time thus tying

into what many believe is the key demand driver of the consumer market- aesthetics."

Other product innovations were even more difficult in that they involved collaboration with

subcontractors. The house ventilation problem provides a good example of this. As BSC

worked on creating tighter, more efficient building envelopes they quickly realized the need

for ventilation systems to handle indoor air pollutants and moisture. They also recognized

that affordable solutions to this problem did not currently exist on the market.49 In the

Cypress Pointe houses, a costly whole-house ventilation system was installed separate from

the HVAC system, yet both Pulte and BSC knew that the cost of this upgrade would make it

entirely unfeasible in widespread applications.'

An engineer at BSC developed a system that would allow for fresh air to be brought in from

the exterior of the house and circulated throughout by means of a centralized fan system

connected to the existing duct work. The system, known as the Fangcler, also included a



damper to prevent excessive outdoor air from being brought into the house during periods

of prolonged heating and cooling." After Cypress Pointe, all Pulte homes were outfitted

with the Fangcler system. The control for the system, however, proved more difficult and

became a source of conflict between the HVAC subs and BSC. BSC wanted to use a

specially designed controller integrated with the house thermostat which allowed the user to

activate and deactivate the system if necessary. For cost and availability reasons, the HVAC

sub wanted to use a standard off-the-shelf system from Honeywell which removed control

from the thermostat and placed it in a "black box" which the homeowner could not access.

The fans were activated for twenty minutes of every hour. It was an eight month battle

between BSC and Sierra Air (the HVAC subcontractor on the job), and the Honeywell

system eventually won out, but at a cost. The fans were coming on at inopportune times and

drawing cold air into the homes during the winter. Eventually methods were devised to

alleviate the problem of cold air, but it is held to this day that the thermostat control may

have been the better system.

It is an interesting exercise in that, if we return to the model of innovation, it is one of the

rare instances in which the existing knowledge base could not be relied upon and new

research and development was required. As is predicted from the model (by the dashed lines

leading from Research to the given phase of innovation), the new development was

extremely problematic to bring to market. Product distributors were non-existent and the

HVAC trades were resistant to the innovation as they had not previously worked with it and,

for all intents and purposes, did not have access to it. It is also an interesting situation in

which to consider the extent to which Pulte could have used their supply chain leverage to

convince a manufacturer to market the thermostat control for the Fancycler thus easing the

product's entry into the market.

In a sense, the Cypress Pointe project may be considered another form of "prototype" for

the innovations at hand. Typically, the Building America Model involved building one or two

pilot houses, testing the procedures again on ten houses and then going to a full subdivision.

In the case of Pulte, BSC went straight from the pilots to the full subdivision. The projects

were widely regarded as successes in that the problems encountered in both the Angel Park



and Cypress Pointe subdivisions were not enough to deter Pulte from taking the process

developed by BSC and applying it to all of their projects in the Las Vegas Division.

Distribution & Marketing

At this point is was fairly well proven that the integrated approach propagated by BSC and

the Building America Program was having a positive affect on the energy efficiency of

houses being built by Pulte in the Las Vegas market. The changes were resulting in 35 %-

40% heating and cooling reductions and whole house electricity use was being reduced

substantially. 2 Due to the careful analysis of cost trade-offs which made the added benefits

feasible, Pulte made the decision to go ahead and incorporate the changes into all of their

new subdivisions in Las Vegas. Pulte also decided to pass the cost increases entailed by the

new systems onto their buyers.53

Certain technologies, however, proved too difficult. The integrated hydronic heating and hot

water system for instance, seems to have dropped from the Pulte projects after the Cypress

Pointe subdivision. One reason for the change may have been the fact that the hydronic

systems required the coordination of two separate trades- HVAC and Plumbing. Previous

studies have pointed out that once these coordination issues arise, the assembly line

approach which typifies the production homebuilder's construction practices is disrupted

and it is highly improbable that such innovations will be adopted.54 However, Darren

Wilson of Sierra Air Conditioning, the subcontractor who does all of Pulte's HVAC systems

in the Las Vegas division has pointed out that it was not the coordination issues which

caused the systems to fail, but rather a failed relationship with the product manufacturer (it is

also worth mentioning that others have confirmed that the increased amount of

coordination between trades in the field was not a problem with the Building America

Projects).

During the very hot periods of the summer, when air conditioners were running non-stop,

the hot water coils on the hydronic systems were freezing and bursting.5 5 An adequate freeze

protection mechanism built into the system may have prevented the problem, but the

product manufacturer refused to accept any culpability for the failures, meaning that Sierra

Air and Pulte had to handle all of the callback issues relating to the systems. According to



Wilson, "Out at Cypress, I've got homeowners that I've had to change two hot water coils

this year alone. These homes are 6-7 years old, but I'm not gonna make the customer pay for

that, so we change it....1 had to eat it and Pulte had to eat it. Manufacturers have got to take

care of their customers."-6 It is important to note that after the Cypress Pointe project, Pulte

homes reverted to the traditional forced air heating system.

The high efficiency condensation furnace that Pulte switched to came with its own

problems, however. Inspectors were uncomfortable with how to deal with the drainage

water from the systems and had never before seen the concentric ventilation packages that

were being installed with the units (the concentric ventilation package combines the fresh air

vent, the combustion vent and the toilet vent and puts them into a single penetration going

through the roof- thus cleaning up the roof line and using less venting materials). According

to Wilson, "You couldn't get the same inspector on the same job, so it was a constant battle

in the field for close to an 18 month period of time as these things progressed." As soon as

Pulte began building in the next county or city, the same problems with inspectors would

arise all over again.57 Nat Hodgson, the current Vice President of Construction for the Las

Vegas Division has implied that the impending widespread acceptance of the 2003

International Energy Code will solve a lot of the regulatory obstacles that the projects have

faced, but in his words, "It's a day late and thousands of dollars short."5 8

One of the problems in Nevada is that when cities reach a particular size (in terms of

population) they are authorized by the state to assume their own regulatory framework. Las

Vegas reached that size well before Pulte began working there. Thus, Clark County, The City

of Las Vegas and the City of Henderson (both within Clark County) were all working with

different versions of the Uniform Building Code, and adopted the International Building

Code (from the ICC) at different stages and with different amendments.59 This means that

Pulte, who was building within all of these regulatory jurisdictions following the Cypress

Pointe subdivision, would encounter the same regulatory barriers with each new

development. While all three have now adopted the International Building Code, it is still

unclear as to the extent to which each of them has amended it to suit their needs. It is

unfortunate that the three different regulatory bodies, all working within the same



geographic proximities were, and are, unable to come up with a uniform interpretation of a

building code that has been widely accepted in other states.

There were also quality control issues with the furnaces. It was found that the new houses

were experiencing high amounts of air leakage through their HVAC systems- a problem that

was discovered through quality control checks. To figure out the problem, Sierra Air and

BSC tested the ducts two ways: attached to the furnace and disconnected from the furnace.

When the ducts were disconnected it was discovered that leakage decreased, thus it wasn't

the ductwork that was leaking, but the factory manufactured furnace. During shipping and

installation, the furnace was getting banged around and many of its own joints were coming

loose. The manufacturer was called out to site with its own engineers and shown the

problem. It was found that when the joints of the furnace were sealed with mastic, the

leakage was again reduced to minimal amounts. The manufacturer returned to the plant and

altered the production process on their furnaces to incorporate the sealing prior to shipping

the furnaces. In this case, the leverage of Pulte, combined with the scientific evidence from

BSC and Sierra Air, convinced a supplier to provide a better product without adding to that

product's costs.

Having gotten several of their trades over the learning curve meant that transferring the new

practices to different subdivisions, though not entirely easy, would be less costly. However,

Beck found that when the projects were going out to bid Pulte was often stuck using the

same subs for lack of competitive bidding on the new techniques. The perception at Pulte

was that the only way to get a multitude of trades on board was to start getting other

builders to adopt the practices, so Beck decided to chair the new energy committee at the

local homebuilders association in order to hold seminars on the practices being adopted.' It

is unclear as to how many of these seminars were ever actually held and some have implied

that the notion of Pulte Homes paying the salary of an employee to educated competing

builders is preposterous.

One of the only issues with which there was a certain modicum of accordance in everybody

whom I spoke with was that getting the sales staff on board was the most important element

in the process. Building America, BSC, Energy Star and Pulte all recognized this fact early on



and training sessions were held with all sales staff in order to make sure they knew how to

"pitch" the new product. In the words of Dave Beck, once the sales team was on board, it

was like "chocolate on ice cream." It has also been pointed out that, in other markets, where

these innovations have failed, it was largely because the sales staff was un-motivated and

uninformed as to what it was they were selling.

The Energy Star Program was an integral part of this sales process. The program views itself

entirely as a marketing tool whose job it is to convince consumers that energy efficiency is a

wise investment. The energy star program provided two primary tools to builders in order

for them to properly market the houses they were building. The first is the Energy Star Sales

Training Curriculum, where Energy Star reps actually hold seminars on how to sell the

product. Sam Rashkin at the Environmental Protection Agency has observed that the sales

tactics of most large production builders are horrendous. Most sales staff possess very little

knowledge about the product and are very weak on follow through. It has also been my

personal experience over the past several months that the few Pulte sales staff I was dealing

with in different markets were highly ineffective when it came to truly understanding the

energy efficient technologies being used in the homes, despite my having been told that the

staff had been extensively trained. The other tool that Energy Star provided was the Energy

Star Sales Toolkit. The toolkit essentially provides each builder with a set of customized

promotional literature explaining "how great they are." The brochures are also riddled with

various Energy Star logos throughout in an effort to reinforce to identity of the program.

Both of these services were provided to Pulte.

The incredible success of Energy Star's penetration in the Las Vegas Market- it is estimated

that 60% of the new homes built in the market are Energy Star labeled- speaks to the

willingness and motivation of an extremely active group of local stakeholders. Some,

however, have argued that the bar for energy star is set to low. One person I spoke with

commented: " Energy star is a great program......but you don't have to do a lot to meet it,

and because of the IBC, a code-compliant house practically qualifies anyway. They (builders)

are not putting a lot of effort into it and it doesn't cost them a lot of money."



Other sales tools include the use of Energy Efficient Mortgages (EEMs). EEMs are a

product of Fannie Mae and were originally designed in the seventies as a means of

encouraging energy efficiency in the housing market by making the cost upgrades associated

with building more efficient homes easier to finance over the life of the loan. The primary

mechanism which EEMs use is to increase the income of the borrower by the amount saved

through the efficiency measures incorporated in the house. It is not a strong incentive in that

it doesn't provide better rates to borrowers, only allows borrowers on the cusp of

affordability to be able to afford a house that may cost a few thousand dollars more because

of energy efficiency upgrades.' Conceptually, the EEM is a safety net, though builders have

long argued that financing tools could be a much stronger argument for increasing energy

efficiency and that certain states with strict energy requirements produce EEM qualifying

homes simply by virtue of meeting the code.62 It is unclear at this point how many EEM's

have actually been used by Pulte, but management implies that they are minimally utilized.

As previously mentioned, quality control was a major component of Pulte's desire to enter

into the Building America Relationship. While the construction systems themselves require

more care to be taken, the construction process is still an assembly line prone to all types of

failures. BSC certainly didn't have the size or capacity to be inspecting all of the houses that

Pulte was building, but as part of the Greenstone EFL program, it was mandated that all

homes be inspected by a "Master Certified EFL Tester." These testers are employees of

Pulte Homes who are responsible for doing the post construction testing of the homes (ie-

duct blasting, blower door testing, etc) in addition to training the various trades on the

proper installation of energy efficient products. Although the program has shifted from

Greenstone (a product supplier) to MASCO (a service provider), to this day, Pulte has two

full time certified testers working in the field on a daily basis.63 The testing is important,

because the energy code is one of the most poorly enforced of all the codes, particularly

when compared to structure and life safety issues. Sam Rashkin at the EPA has estimated

that as many as 80% of homes are out of compliance with the energy codes under which

they were constructed."M Pulte subs also seem to appreciate the testing, in the words of

Pulte's HVAC subcontractor: "I love testing, it keeps us all honest."65



Pulte also utilizes the occasional 3 day seminars provided by MASCO to certify their design

staff and construction managers as a means of maintaining the knowledge base with regards

to EFL certification.6 The current VP of Construction in Las Vegas has argued that the EFL

inspections have had the single greatest impact on reducing the company's call-backs over

67
the past several years.

Getting a production builder to provide quantitative information on callbacks is somewhat

of a battle against windmills, and I was unable to obtain this information. However, reports

from BSC have indicated substantial reductions in callbacks for the Phoenix Division which

also participated in the program after witnessing Las Vegas' success. Representatives from

the Las Vegas division have confirmed that their callbacks were also reduced substantially

and were in lines with the Phoenix numbers.8

comfort 3%-5% 0
paint and trim 5% 1%
drwall cracking 50% 10%

Table 4.1: Phoenix, Arizona Callback Data

It is unclear as to the extent to which some of the methods used in the system have

remained as uniform interventions in all projects. For instance, in Pulte's drive towards

standardization, the specification types for new homes built in the Las Vegas Division has

been reduced to four (A,B,C and D specifications: depending on the level of finish which

the homeowner wants with their product). According to the architectural staff in Las Vegas,

only Level D, the highest level of finish, utilizes the 2x6 framing necessitated by the

advanced framing techniques, thus the rest of the homes aren't using the process.

It is also unclear the extent to which Pulte's transition to the Pratte Model has affected the

Building America systems. Pulte's switch from one framing sub that did all of their work and

was familiar with the Building America technologies, to Pratte, who had no experience with

the technologies proved to be costly and painful. The transition occurred over a few month

period and some subs have argued that it was made more painful solely by the fact that

Pratte didn't understand the new system. Time will tell to what degree this large scale



vertical integration and Pratte's quasi-religious approach to value engineering will help or

hinders the firm's ability to build energy efficient houses.

All in all, Pulte's partnership with the Building America Program would appear to have been

a success. The main innovations which were incorporated into the early houses are still

incorporated into most Pulte homes being built in the Las Vegas market today. The

innovations used, arguably, were fairly painless. Many people I've spoken with have pointed

out that, today, getting a home to energy star is considered a "no-brainer," though there are

still hold-outs in the Vegas market. The fact that Pulte Homes are able to exceed the Energy

Star requirements is largely due to their partnership with BSC and the Building America

Program.

However, there were aspects of the program which were not achieved in the Las Vegas

market. Recent empirical studies of construction waste have indicated that an average 2000

sq. ft. home built today produces 2.3 tons of waste, 80% of which is recyclable.'' One of the

original goals of the Building America Program was to make substantial reductions in

construction job site waste, yet it would appear that Pulte made no effort to pursue some of

the construction waste recycling programs which were being experimented with in other

markets. The reasoning behind this is unclear. It may stem from the fact that tipping fees in

a place like Las Vegas may be minimal when compared to more developed regions like New

York or New Jersey. Pulte may also have felt that the added time to separate waste on-site

into various recycling containers would have increased their cycle time in an incredibly hot

and competitive market. Whatever the reason, it is incredibly unfortunate that an area with

such high levels of residential construction has not more aggressively pursued recycling

programs.

It should also be noted that other Building America projects throughout the country have

utilized a machine known as the "Packer-Grinder," which essentially takes construction

waste and grinds it up on-site for use in other applications like erosion control, soil

amendments or road base. While the machine requires a substantial up-front investment, it is

unclear why a builder the size of Pulte with so many projects in the Las Vegas market would

not invest in the equipment.
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Furthermore, water reduction techniques do not appear to have been utilized, which would

seem to be one of the primary concerns in the desert climate of Las Vegas. While structured

plumbing systems have been designed that could possibly reduce the water usage in a single

family home by 30,000 gallons a year and increase the water efficiency by 15-20%, none of

these appear to have been experimented with in Putle's Las Vegas homes. Furthermore,

most Pulte projects would appear to have the same front and rear lawns despite extensive

knowledge on xeriscaping techniques which use indigenous, drought resistant plantings in

outdoor areas to reduce water consumption. It is undoubtedly safe to assume that this is

consumer driven and that if water were valued as the finite resource which it actually is, such

practices would become common-place.



Washington D.C.: Pulte Home Sciences

Potential Market

The Washington D.C. market, which includes suburbs in Maryland and Virginia, has always

been a lucrative market for Pulte Homes. Unlike Las Vegas, the D.C. market has traditionally

been dominated by large production builders, with four of the top ten builders competing

head to head in the area since the early nineties. The market share of the five largest builders

has hovered around 30% since 1992 and these builders have an increasing competitive

advantage in a market that is largely defined by a builder's ability to acquire extensive

amounts of land and navigate a litany of regulatory obstacles in order to get that land

entitled. This year, between the Pulte and Del Web brands, the company plans to close

approximately 1300 homes in the Washington D.C. market. This particular market was

actually Pulte's first expansion out of the Detroit suburbs in which the company was

founded, and it is also one of the testing grounds for Pulte's grandest experiment to date,

Pulte Home Sciences.70

Critics and supporters alike are fairly consistent in attributing Pulte's motivation for pursuing

a more industrialized approach to housing development to William Pulte. Bill Pulte grew his

business in an area that was largely defined by the automotive industry and was therefore no

stranger to manufacturing techniques. A good portion of his career was devoted to

perfecting methods of value-engineering the homebuilding process and he was constantly

attuned to more advanced methods of homebuilding in foreign countries.7 1 Furthermore, as

someone that had witnessed the company's growth from 1 to 40,000 completions a year, he

was keenly aware of what he perceived as the erosion of the skill base and the extent to

which this erosion was going to present itself as a substantial risks to the industry as a

whole.

As a result of these experiences and ideas Pulte decided to begin experimentation with the

manufacturing of building components in a factory setting. The idea was to test the concepts

in a factory close to the company's corporate headquarters and then export the process as a

fully integrated system into a new market. It is unclear whether the Washington D.C. market

was always the first choice for the first full scale factory while experimentations were being

undertaken in Detroit, though a number of factors made it a likely candidate. For one thing,



the Washington market is characterized by an extremely fragmented trade base. Taking more

control of a market in which the size of the contractors is much smaller than, say, those in

the western U.S., was extremely problematic and a factory based approach would relieve

Pulte of constantly writing contracts with undersized trades. Another reason may have been

quality control. Reverting to an earlier discussion on callbacks, it is very difficult to get hard

data on callbacks for any division of a large production homebuilder. Pulte, with such a high

level of activity in the D.C. market coupled with the highly fragmented trade base, was

undoubtedly seeking ways to create a higher quality product. Cycle time may have also been

a motivator for the factory. With the average Pulte home taking about 75 days to build (the

Di Vosta model, as previously mentioned, has this trimmed down to 55 days), Pulte was

anxious to make improvements which could build a better house in a shorter amount of

time.73 A final reason may have been the weather. You simply can't build year round in the

D.C. climate. Extensive rain and snow can shut a jobsite down for a period of days on end

and create extensive problems for material storage and damage to unfinished wood

products; figuring out a way to keep the production system rolling along during foul weather

in addition to keeping construction materials dry and out of the rain could provide a builder

with tremendous competitive advantages.

It should be noted that Pulte was not the first to recognize the qualities in the east coast

markets which make it a prime target for factory based approaches. Several large production

builders like Toll and Ryan Homes have been pursuing wall panelization techniques in east

coast markets for many years. These techniques essentially take the measured dimensions for

the walls and build them in off-site location, often in a factory setting. The difference

between these walls and the Pulte walls is that other panelized wall systems tend to be built

in the traditional way that site built walls are constructed- with individual wood studs. This

process, while reaping the benefits of climate controlled production environments, fails to

solve many of the problems that more industrialized manufacturing techniques can address.

As pointed out in a recent study conducted by HUD, typical wall panelization operations still

provide for a wide variety of communication breakdowns between the plant and the field

where the rest of the house is built in a rather traditional manner.4



All of these factors combined to make Washington D.C. a lucrative market for the PHS

system. The problem now, was to develop the concept.

Invent or Produce Analytic Design

Pulte's decision to build their prototype factory in Detroit made logical sense as that was the

corporate headquarters of the company. Executives were making a large investment in

research and development and the importance of that investment being located in close

proximity to the head decision makers at Pulte can not be understated. The decision to move

forward was too costly to be left in the hands of a regional division.

The people hired to set up shop were largely industry outsiders and young people fresh out

of college.75 Pulte felt that the key to making the process work was to use people that weren't

limited by experience in an industry that needed to change. Many of the characteristics which

were perceived as flaws by framers in the Las Vegas division's experience with energy

efficiency were considered assets in this new environment. Yet, progress was slow because

the inexperience at the plant was creating difficulties with basic processes like job training

and material management, so Pulte sought out professionals with more extensive experience

in product manufacturing." Chuck Chippero was one of those people, who after 24 years of

plant management in the automotive industry realized the potential of applying his skills to

homebuilding. In his words, "I was skeptical at first, but took an afternoon and looked at

what was going on in the field and what was going on in the factory, and at that point I

realized that there really was an opportunity to change the industry." "

The Detroit facility was never intended as a full scale production facility for the

manufacturing of whole houses; instead it was a means of testing the extent to which the

individual components of a home could be fabricated in a controlled environment while still

allowing for the design flexibility needed by a company producing 40,000 homes a year. The

term flexibility means different things to different people, and Pulte's idea of design

flexibility may differ from most peoples.

Each division in Pulte essentially pulls their plans from a pre-determined plan book. Some

divisions share a book if they are in similar climatic and demographic areas (the Arizona and



Nevada divisions of Pulte, for instance, share a single plan book). A typical subdivision may

consist of anywhere from 4-8 different plans. The plan books are based on a central library

of about 2,000 different home designs. Pulte sees the standardization and simplification of

plans and specifications as one of the key elements in taking more control over their supply

chain and currently has a national team working on just that." According to the lead

architect for the Las Vegas division, the number of plans has already been reduced by about

40% to its current number."9 Short term goals are to rein that number in even further from

2,000 down to 1,500 plans; with a long term goal of working with only 1,000 plans."' It's an

interesting contrast, in that as the number of homes the company aspires to build goes up to

60,000, the number of plans will drop to 1,000. As previously mentioned, Pulte is also

attempting to trim down their specifications extensively to a point where they will essentially

have four different offerings segregated based on the level of interior finish.

When Pulte talks about flexibility, they are not referring to the ability to design different

houses for each lot, but instead accommodate the plethora of design "options" which a

customer can purchase with their home. These options can range from a different style

countertop to the addition of a large sun room off of one elevation. While not drastically

changing the underlying conceptual design of the house, and while often time's houses in a

single subdivision may look very similar, it is rare for two houses in one tract to have exactly

the same set of options. Pulte recently ran an analysis of a single plan currently being used in

the Washington D.C. division and discovered that when all was said and done, there were

1.2 million different ways in which the final product could turn out."' It was clearly

important for Pulte to not have PHS homes look any different than those built in the

traditional manner, thus they needed to develop design tools that could accommodate these

variations.

In order to accommodate this flexibility and still be able to produce components quickly in a

factory environment, Pulte needed to invest in new software technologies. Traditionally,

most Pulte Homes (and most homes in America) are drawn on some sort of two

dimensional computer aided drafting (CAD) system. The programs produce plans that are

very similar to traditional hand drafted construction documents, only crisper. The



documents are then sent to different trades who use them to estimate construction materials

and costs, often re-drawing the plans to better suit their needs in the process.

In order to develop a means for building the shell of a home in a factory, Pulte needed

software that could interface with the factory equipment while also producing a set of

construction documents that could be used in the field and for permitting. This required

what is known as object-oriented-CAD systems. Object oriented CAD systems not only

transition the traditional architectural drawing from a two-dimensional into a three-

dimensional representation, but imbue each element in the drawing with information- like

material properties and structural characteristics, etc.

Pulte partnered with Keymark Systems in order to develop the software for the Detroit

Plant. Keymark was started by engineers who had spent several years developing software

for Truss-Joist's floor panel manufacturing division and was begun in the early nineties as a

whole house engineering software company. The market has yet to embrace the object

oriented CAD approach to home design, and according to one Keymark employee, the

company has remained on the "bleeding edge," of product development and the Pulte

partnership has been integral to keeping them afloat. While Keymark had worked with

component manufacturing plants prior to Pulte, they had never had to develop software

geared towards a "whole house" approach to manufacturing. Keymark, however, shared the

belief with Pulte that the homebuilding industry was ready for serious change. In the words

of one Keymark employee, "If Detroit built cars this way, a car would never come off the

line."

Figure 4.11: KeymarkO Models, Exterior Rendering & Structural Model



The first thing to come out of the Detroit facility was foundations, which, due to the

controlled environment in which they were being poured came out with a PSI (poundsper

square inch, a structural moniker of concrete strength) twice that of site-poured concrete. The

system is poured in straight walls approximately 8' in height and 4" thick, with thickened

vertical reinforcing at 24" centers. Thus the foundations are thinner than, but nearly twice as

strong as a typical job-site pour. The system is poured and cured in the factory and then

trucked to the site on specially designed trailers where it is craned into the foundation pit.

Once in place, the individual pieces of the foundation are bolted together and sealed at all of

their joints. The foundation systems, more than any other component were tested

extensively in the Detroit market beginning in 2000 and the factory has produced over 3000

of the systems to date. 2

Figure 4.12: Pulte Foundation System (installed and in transport)

Other experiments at the factory included SIP wall panels, steel interior wall systems and

pre-fabricated floor trusses (see Appendix #2 for an explanation of these systems). One of

the big shifts in the factory approach was the extent to which it relied on raw materials as

opposed to pre-fabricated components. The walls, for instance, were not pieced together

with pre-manufactured SIPs supplied by a SIP manufacturer, but were instead assembled out

of the three main materials which compose a SIP: foam, oriented strand board and glue. By

purchasing these materials direct from manufacturers, Pulte was able to cut at least one step

out of the material supply chain. The same is true for all of the systems designed for the

factory. The steel interior walls are cold rolled in the factory from large coils of flat 20 gauge

steel, as opposed to purchasing the studs direct from a stud manufacturer. The open-web

floor trusses are assembled from wood and metal fasteners in the factory, as opposed to
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purchasing ready-made floor joist from a company like Truss-Joist or Weyerhauser. The

foundations are poured from a concrete mixing plant built on site. Careful thought was put

into using only "raw" materials in order to capitalize on manufacturing techniques and the

material purchasing leverage that a company like Pulte has.

The energy efficiency of the homes was also getting careful treatment at this time. Neither

the officials at Pulte, nor the directors of the Building America Program attribute the PHS

home in any way to Building America, yet there appears to have been a relationship between

Pulte and IBACOS (Integrated Building and Construction Solutions) as they were fine

tuning the final specifications for the house.83 IBACOS is a building science research

corporation similar to BSC. Like BSC, they had a longstanding relationship with Pulte and

were also one of the five Building America teams at the time. IBACOS was commissioned to

make design recommendations for several of the Detroit pilot homes, keeping in mind that

the homes were actually being designed for the Washington D.C. market. In a relationship

very similar to the Las Vegas division/BSC partnership, IBACOS worked on systems design,

field inspection and subcontractor training sessions to test different ideas on the PHS

homes. As a result of their tests, several modifications to the standard Pulte specifications

were made in an effort to capitalize on the new efficiencies of the SIP walls and open web

trusses.

One of the first recommendations was to properly seal the completed building envelope.

This included sealing around all installed window and door systems in addition to sealing the

joints between SIP panels. In the Detroit region this was done by using a specialized air

tightness subcontractor. IBACOS also recommended much better windows, with Low-E

glazing similar to those used in the Las Vegas projects. Pulte was extremely hesitant because

of the cost issues involved, but was convinced by IBACOS to go with the better windows

because they could reduce their comfort related callback issues (which were an apparent

problem on the second floor of many Washington D.C. Pulte homes) and the ability to save

money by downsizing their cooling systems. IBACOS designed the Detroit houses with two

space conditioning systems (down from three on the standard home) and as a result of post

construction testing recommended that the Washington D.C. houses be built with one. Pulte

agreed to build further test houses with one system, but indicated a need to conduct
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consumer research to gauge reaction to moving from two systems to only one. IBACOS also

recommended a Heat Recovery Ventilator system (HRV's provide a secondary duct system

to provide fresh air into the house; the HRV system uses a "heat exchanger" in which the

fresh air is passed through the vented air in order to "pre-heat" it) to provide fresh air into

what was a very tight building envelope, and while the system worked well, the increased

costs for its implementation were higher than Pulte expected and thus they opted for a fan-

recycler system similar to that installed on the Las Vegas homes to be used on the D.C.

projects. Due to the fact that the D.C. climate would prevent Pulte from using an un-vented

roof, it was decided that the efficiency of the air distribution system could be maximized by

placing it within the open web floor trusses and Pulte agreed to do this in the D.C. market.

Finally, IBACOS recommended that Pulte use high efficiency water heaters and furnaces for

all of the homes to improve occupant comfort and energy efficiency, which Pulte agreed to

do.4

As a result of these measures, IBACOS estimated that the PHS home was achieving 24%

reductions based on the standard Building America benchmark home and 27% whole house

energy savings over the typical stick-built Pulte home. These numbers would probably be

better if Pulte had agreed to go with a more efficient lighting system which they opted out of

for cost concerns and fear of consumer perceptions about the quality of the lighting

installed. Furthermore, these numbers do not reflect the further downsizing from a double

to a single space conditioning system which was recommended for the D.C. homes.

Consumer perceptions about pre-fabricated homes were another concern for Pulte. This was

largely the impetus behind the name Pulte Home Science. According to Craig Stempowski,

Pulte's Operation's Development Manager, "Calling it prefab drives away customers."85

Admittedly, the name conveys a certain gravitas and level of sophistication which is

somewhat atypical of the production homebuilding industry. In addition to good branding,

Pulte appears to have polished its sales pitch in the Detroit market also. When the product

was moved into a particular subdivision in the Detroit suburbs, Pulte wanted to switch 47%

of the scheduled homes to the new foundation, floor and wall systems. Unfortunately, all the

homes had been pre-sold as stick-built. Pulte, however, was able to convey the message of
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what they felt was a superior system and convince 100% of the buyers to accept the PHS

home."

By 2002, several of the 800 homes a year being constructed in the Detroit division of Pulte

were using one or all of the manufactured components. Despite this fact, the plant is

scheduled to be shut down. Some have speculated that the Detroit factory was a failure

because of the decision to close it down, but Chippero refutes this point arguing that it

wasn't the purpose of the Detroit facility to be a full fledged manufacturing plant. The

software and Material Requirements Planning (MRP) systems weren't fully integrated into

the process and the plant was designed on a piecemeal basis to test the manufacturing of the

individual components. MRP systems release manufacturing and purchase orders to ensure

just-in-time manufacturing capabilities which are in line with overall master scheduling.87 The

system coordinates and places orders to balance raw material inventories with work in

progress through proper timing of order placement." In its current capacity, the Detroit

facility was simply too labor intensive and the engineering of the plant did not allow for

some of these more sophisticated processes to occur." The plan was always to export the

individual processes into a more integrated system in a new market once they were

developed. In the words of Chippero, "To do it right, it would have to be a brand new

plant."90

Detailed Design & Testing

Having chosen the Washington D.C. market for their first full scale facility, Pulte began to

plan for the export of the factory. Given that most D.C. subdivisions are actually

constructed in the suburbs of Virginia, the plant was to be located in Manassas, about ten

miles south of Dulles International Airport.

The Keymark software that was originally developed had evolved from its initial platform

and was now proprietary to the PHS system.91 One of the key changes to the system was

that the architectural and engineering drawings would have to be calibrated with lasers on

the factory floor so that components could be properly laid out without factory employees

having to constantly consult drawings. Furthermore, due to the fact that the architectural

software was now incorporating structural design, Pulte now employed two full time
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structural engineers in-house so that they could stamp their own drawings. This undoubtedly

saves tremendous time during the design process as the traditional approach is for a home to

be designed architecturally and then be sent to an engineering consultant who makes the

necessary changes before sending it back to the architects for the final set of plans to be

drawn. Initially, this savings was undoubtedly offset by the fact that Pulte was having to re-

draw whatever existing plan they wanted to use into the Keymark platform (all Pulte plans

are drawn on the traditional Auto-desk 2-d CAD software). Interestingly enough, any new

plans developed by Pulte will continue to be drawn into Auto-desk software so that they can

be more easily proliferated throughout the rest of Pulte's operating division and the PHS

plant will continue to convert the drawings. The conversion process takes approximately two

weeks.92

One of the notoriously problematic aspects of systemic innovations, particularly in the

homebuilding industry, is the extent to which they affect the activities of multiple trades

related to the manufacturing of the product at hand. The shift to the PHS system firmly

placed a large part of the responsibility for the shell of the house in the hands of Pulte, yet

Pulte, like most production builders, didn't want to create a system in which they would now

be responsible for carrying an excessive amount of employees which would inhibit their

ability to weather economic down cycles. Thus, it was decided early on to introduce

subcontractors to the new system.

Some may speculate that Pulte's desire to integrate subcontractors into the relationship was

in order to relieve them of certain liabilities related to the system, though this appears not to

have been the case with the PHS model. Pulte feels that by internalizing many of the

processes they are actually lessening the possible quality control issues which may arise from

a variety of subs working out the product themselves. Furthermore, the insurance industry

reacted positively to the new system. According to Chippero, the houses qualified for a

"fortified housing" label from the insurance industry- essentially a label from the Institute

for Business & Home Safety provided to home insurers that qualifies a home as being better

than average with regards to structural and life-safety characteristics through improved

construction techniques. Pulte declined the label, due primarily to the fact that they were still

building stick framed houses in the same market that didn't qualify asfortified which may
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have given homebuyers the impression that the structure they purchased was not safe. That

said, Pulte has developed several systems relating to the house, including an injection molded

gutter and fascia system and a pre-fabricated window sill flashing detail, which could easily

be marketed to the outside industry, but for fear of either system being misapplied and Pulte

being held liable for the product failure.

Pulte knew that there were certain trades that could take over the installation work once the

system was in place, they also knew that there were certain trades that had to be on board

from the very beginning- like HVAC and electrical- so they decided to introduce the trades

to the system from the very beginning. In 2002, Pulte began bringing trades up to the

Detroit facility to introduce them to the system prior to the completion of the Manassas

factory. At this point, in terms of the construction, several of the Detroit homes were

virtually identical to what was going to be done in Manassas, so it would be easy for subs to

familiarize themselves with the product at hand.

Pulte was also concerned about the reaction of code officials to the new system, so around

this same time Pulte officials made a presentation to the regional gathering of the Virginia

Building Code Officials Association at their quarterly meeting." In this meeting, they thoroughly

outlined how the factory and construction processes were going to work and extended

invitations to code officials to tour the factory once it was up and running. While the full

integration of the four different systems (foundations, floors, SIP exterior walls & metal

interior walls) had never been done in the region, code officials had had some experience

which each of the individual components previously. Pre-cast foundations, for instance, had

been manufactured by a local company, Superior Wall, for some time;94 and while the system

had not gained widespread appeal it was certainly familiar to inspectors. SIP walls had also

been used throughout the Virginia market, as had open web trusses and steel framing for

interior partitions. Thus, by taking the time to orient the code officials to the new processes

for assembling familiar products, Pulte made most building officials comfortable with the

new approach from the start.

While Pulte was finishing the Manassas factory, they decided to build a local test batch of

homes at a subdivision called Mayfield Terrace in Prince Williams County, Virginia. Because
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the Manassas factory was not up and running yet, Pulte shipped the individual components

all the way from Detroit. This second round of test homes would allow the subcontractors

to familiarize themselves with the new construction techniques and to figure out how they

were going to work around the new structural systems. As for the installation of the

components, Pulte decided that they, themselves, were going to be placing the foundations,

floor decks, SIP walls and interior partitions in the early stages (though this would evolve in

later iterations). The crucial subcontractors were the electrical and HVAC crews, because

Pulte knew that, as a homebuilder, they did not have the in-house skill base to take over

these more complicated processes.

Pulte took special care with the HVAC design, as they knew they were building a more

efficient home which could utilize a downsized system. The traditional process for the

HVAC design on a production home is to simply allow the HVAC subcontractor to design

the loads and the system based on the size and construction of the house- what is known as

a design-build approach. With the new homes, however, Pulte didn't want to leave that much

control in the hands of the subcontractors, so they developed a close working relationship

with a mechanical engineering firm who did very specific designs and specifications for the

heating, cooling and ventilation systems in the house.95 In addition to increasing the

efficiency of the systems, in the long-term this will allow Pulte to control regional variation

in the design of the mechanical systems once the PHS model is exported to other divisions

(and throughout the Washington D.C. division). As Chuck Chippero stated during our

discussion of the HVAC system design:

"Autonomy in product design and sourcing drives proliferation to the point
where it won't be controllable. How do you leverage your size, if every
market uses a different window design and manufacturer, what competitive
advantage do you have over the local guy who's using the same supplier,
maybe even the same parts? Whereas if you've got a national window
program, you have a set of 150 windows that are built to an outstanding
quality performance level using new techniques; you've got the leverage,
you've got the costs in line and you have a higher performing product. That's
what Pulte is aimed to do and the bigger homebuilders are starting to wake
up to that but don't have the expertise to really make it go."

Based on the detailed design of the systems, the HVAC subs appear not to have had many

problems with the new design, though the possible efficiencies have not been achieved, as
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will be discussed in the next section. A single system was installed in the test homes as

requested by IBACOS, but it was still undecided as to whether or not the final subdivisions

would go with one or two. Furthermore, the open web truss designs undoubtedly made the

installation of the ductwork much easier for this particular sub.

The electrical subs, however, had a slightly steeper learning curve. Pulte's electrical

contractor for the houses has been doing Pulte's D.C. projects for eleven years and has a

fairly good working relationship with the builder. While they'd worked with some smaller

SIP projects before, they knew that working with a big production builder on the system was

going to require much greater efficiencies, so once they were on the test houses, they

immediately began experimenting with new systems for fishing the wire through the walls

and using different drills/drill bits to get through the SIP panels." Over a three month

period, the sub became efficiently comfortable with the product and had enough supervisors

trained to maximize the efficiency of the process. Of all the subs, the electrical team has

probably experienced the most substantial disruptions.

One of the problems stems from the fact that, while HVAC ductwork is preferably moved

about the house through interior walls, the electrical system can't avoid working with the SIP

exteriors. The SIP foam which comes into the Pulte plant is like any foam that comes into a

SIP plant in that it has electrical channels drilled from top to bottom at two foot centers.

However, once this foam is cut and placed in the finished SIP, and the SIP is cut into a

finished wall, these channels no longer align with the electrical plan of the house. Rarely do

the electrical channels in the foam align with the design or code requirements of the

electrical system; i.e. this is where the toaster is going, the television will be over there and the code

requires that the electrical socket to be 18 "from the face of the abutting wall, etc, etc. Thus the electricians

must cut vertical and horizontal channels into the walls on-site in order to get the wiring

where it needs to be. The electricians estimated that the SIP walls were adding 35% increases

in electrical costs to the homes and while the open web trusses save about 4 hours of time

for the installers (no drilling through floor joists), the savings isn't enough to offset the

increased costs of dealing with the SIPs. 7 It will undoubtedly be important for Pulte to work

with Keymark in getting the CAD software more carefully integrated with the electrical

plans; as it is now dealing mainly with the structural requirements of the house. As the
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system is now working, the PHS process requires more highly skilled labor from the

standpoint of the electrical subs, though it seems as if there is potential in the system for this

not to be the case.

Figure 4.13 Open Web Floor Joists (note electrical wiring)

Figure 4.14: SIP Wall Panel (note channels in foam core)
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Further complications also occurred in attempting to integrate the IBACOS

recommendations into the D.C. houses. While the sealing of the house, a task integral to the

ultimate performance of the structure, was being performed by specialized air tightness

subcontractors in the Detroit division, no such subs existed in the Washington D.C. area.

Thus, Pulte had to hand the task off to other trades which included the framers and the

insulation installers." It can be assumed that, given the fact that Pulte did their own framing

for the first several houses, they performed the framers air tightening tasks themselves. Post

occupancy evaluations have not been performed on the homes to verify if there was any

lapse in quality as a result of this task being completed by two separate trades as opposed to

the specialist in the Detroit market.

Figure 4.15: SIP Sealing (white caulk on SIP interior)

Having this second round of pilot homes built in the field also allowed Pulte to make a

second round of tours with building officials so that they could see the site applications of

the factory prior to the full blown subdivision. No problems were noted from either the

code officials or Pulte at this point in the process.
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Redesign and Production

Shortly after the second round of test homes was built in the Virginia market, Pulte went

ahead and began converting entire sections of subdivisions into the PHS model. In the first

year the plant was operational, it produced 190 homes. These homes were divided amongst

three subdivisions in the D.C. market. The homes were largely being marketed to Pulte's

high-end buyers with list prices ranging from $500,000 to over $1,000,000. Consumers seem

not to have been put off by the factory approach to homebuilding. Due to the fact that

many of the subdivisions into which the PHS system would be moving had already been

pre-sold (the D.C. market is hot), Pulte was again in the position of having to pitch the new

system to those who had already purchased a stick-framed home. Again, according to

Chippero, 95% of those offered the PHS home, made the switch. The 5% that refrained

expressed concerns of cost over-runs during construction."

Although Keymark continues to work closely with Pulte on the software, very few major

changes have been made. One interesting note is that the software currently fails to capitalize

on all of the capabilities of an object oriented CAD system in that it is not yet integrated

with an MRP system. Such databases are important aspects of most sophisticated

manufacturing processes in that they project raw material needs that will match future

production outputs to ensure that the plant is provided with adequate materials to follow

through on their job orders. Currently, with the fairly low levels of output at the plant,

material procurement is handled manually. It is hoped that in the future, a full MRP process

can be integrated with the design software to ensure thejust-in-time delivery of materials to

the factory. ."..

Due to the extensive testing of the process, very few changes were made between the new

subdivision homes and those that had been tested in Detroit and Prince Williams County.

Notable changes between these homes and the second round of pilot homes appear to be

the fact that Pulte's marketing division became uncomfortable with installing just a single

space conditioning system. It is unclear how thorough the market research was, but by the

time the PHS system was moving into full subdivisions, the mechanical system was utilizing

two space conditioners- arguably an over-sizing of the systems which would both increase
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energy bills and result in a less efficient house. No consumer complaints have been

documented for the original pilot homes built with a single system. Again, quoting Chippero,

"We found that we could provide a better performing house using a single

system rather than two systems. But in this market, the operating division

was concerned that people buying the houses are going to want two systems,
they're used to it. So we re-engineered the houses with two smaller units. For

marketing reasons, we didn't go all the way to the most cost and energy-

efficient system because of consumer perception."

It is also worth noting, that at this stage in the game, Pulte was still doing a majority of the

shell labor themselves, installing the foundations, floor systems, exterior and interior walls.

However, plans were being made to integrate framing subcontractors to the system so they

could eventually take these tasks over. Pulte handled all of the installation labor on the first

eighty houses, approximately, before they began experimenting with subcontracting the

framing out. The ability for trades to pick up the work was to be an integral element in the

process.

Figure 4.16: The New Framing Paradigm (Pulte subs assembling walls)

The three subdivisions into which Pulte was placing the early homes were all in different

counties, and therefore different code jurisdictions. Pulte's extensive orientation programs
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with the staff of all the different building departments undoubtedly reduced the regulatory

resistance which they encountered with the new system, though the fact that Virginia utilizes

what is called a statewide code, meaning that individual counties are forced to abide by

whatever code the state adopts, in this case the new International Building Code, was also a

tremendous asset to Pulte. According to one local building official, no individual county

"can do anything more or less than what is adopted in the statewide code." In a regulatory

sense, Virginia is a very standardized state, and code officials pride themselves on this fact

occasionally having cross-county meetings in order to discuss a uniform representation of

the code.'0 ' This is clearly the opposite situation to that encountered by the Las Vegas

Division as they struggled to proliferate their Building America technologies throughout

three cities within a single Las Vegas County- all of which were working with different

versions of regulatory documents (refer back to the map in Chapter 3, and it can be seen that

Nevada is one of the few states which has not adopted the International Building Code

statewide). Pulte, however, chose to play it safe, and whenever the PHS system was

introduced into a new county, a new round of tours was held for building officials.

Interestingly, Pulte made no effort to partner with any of the third party certification

programs to sell these new homes as energy efficient. The results of the IBACOS study seem

to indicate that the homes would pass energy star standards without any problem, and would

also undoubtedly qualify for some level of Environments for Living certification, yet none of

these avenues were pursued by the builder. Sam Rashkin, the National Director of the EPA's

Energy Star program is convinced that these houses exceed state codes by close to 30%

(roughly in line with the IBACOS numbers) but due to the strength of the market, labeling is

unnecessary. In his words, "They don't need to label them in this market; they sell out

before they get the trailer up."10 2 Yet the same could be said of the Las Vegas market,

particularly in the late nineties when Pulte first began labeling their homes. Chippero has

argued that the Pulte Homes are far exceeding Energy Star requirements for the Washington

D.C. market, which are requiring 15% whole house energy reductions. In this sense,

achieving an energy star rating is, arguably, not a difficult process for most builders. Pulte

feels that there needs to be a method by which they can get credit for doubling the

performance of the house, which currently isn't possible. Furthermore, it is important to

consider that at this stage in the game, PHS homes were being built in the same
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neighborhoods as traditional stick built houses which were probably struggling to even meet

the minimum energy star requirements. In that sense, Pulte would have been in the position

of marketing their own product as inferior to the new PHS homes. The dilemma is similar to

that posed by labeling the houses as "fortified" for the insurance industry. It is unfortunate

in that, by foregoing the partnerships, Pulte has foregone all of the post construction testing

of the homes which would verify their efficiencies.

Distribution and Marketing

Pulte is largely still in the process of distribution and marketing the new product. In a sense,

this needs to happen on two levels. First, there is the distribution and marketing of the PHS

homes within the Washington D.C. division. Then there is the distribution and marketing of

the PHS system to other Pulte markets across the country.

Within the Washington D.C. division, Pulte expects to build 450 homes with the PHS

system this year. Next year they expect to have made a full transition to the PHS system and

will have completely phased out site-built operations." Pulte continues to hand more and

more of the work for assembling the structures over to subcontractors. According to

Chippero, all of the SIP wall, second floor framing and interior wall framing are now being

done by framing subs who were introduced to the system as early as a year ago and Pulte has

shifted all of their employees to either working in the plant or installing foundations. While

experiments have been conducted with subbing out the foundation installation and first

floor deck, it is expected that this task will always be completed by Pulte.'4 This largely

stems from the fact that a level and well connected foundation is undoubtedly the linchpin

of the entire PHS home. The installation of the foundation system is tricky and can become

much more complicated if installed during severe weather conditions which may lead the

gravel base, upon which the foundation rests, to come out of level. Pulte continues to have

faith in the system, but also continues to monitor it very carefully in the field.' 5

While the regulatory obstacles to the PHS system seem to have been fairly minimal and

easily overcome, some code officials are raising eyebrows at perceived quality control issues

now that Pulte has shifted the SIP installation process over to subs. One code official I

spoke with noted that components were handled much more carefully when Pulte was
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performing all of their own on-site labor. Since the transition to subcontracted installations

has occurred, inspectors are noticing more SIPs being damaged through the installation

process in the field. Other problems identified have been the fact that certain field

connections are very difficult to verify. One code official I spoke with noted that inspectors

are beginning to have confidence issues with the installation process and they are struggling

with that aspect of the relationship. I, myself, spent about an hour one day in the field

watching the installation process and witnessed at least one SIP have a sizable chunk banged

out of it's upper corner during installation. No notice was taken of the damage and

construction continued on, though the SIP may have been repaired during a later quality

control inspection.

Pulte has also expressed that the PHS product may soon be shipped into Montgomery

County in Maryland, well within the 150 mile shipping capability of the plant and still

considered part of the Washington D.C. Division. Maryland, unfortunately, is what is known

as a "home rule state," in that each jurisdiction has their own authority and can tweak the

code to satisfy their regulations. 1 6 The extent to which this may make the transition process

more difficult is unclear at this point, but is undoubtedly on the radar at Pulte.

Pulte's sales staff seems fairly up to speed in terms of pitching the new system. Calls were

promptly returned for the subdivision in which I inquired about information. Furthermore,

Pulte is banking on their customers embracing the new system and rather than attempt to

downplay the "factory" built home stigma which has traditionally been greeted with a certain

amount of skepticism in the consumer market, Pulte actively engages consumers in order to

make them aware of the systems added benefits. The show houses at the development which I

visited had a dedicated space for an explanation of the new approach, a detailed account of

how it works and a cut-away architectural model showing the individual structural components

(a rarity in most production home sales offices in which construction techniques are

considered best hidden). Sales literature is provided to consumers in the form of a well

designed informational packet which is evenly divided between an explanation of the

development plan (available lots, street design, etc.), Pulte Home Mortgage information

(explanation of bonuses given to buyers who finance their homes through Pulte's lending arm)

and a detailed presentation of the PHS system and it's added benefits (see Appendix #3).
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According to sales staff and Pulte representatives, the homes have been selling extremely well,

although it may be interesting to see what happens when the market cools off.

No callback information on the factory approach was provided, which is unfortunate in that

Pulte has a unique opportunity to compare the two systems side by side with the division

building both stick-framed and PHS homes in the same region. Consumer surveys in the

Michigan market have indicated that homebuyers are happier with the PHS system by 7-8%

margins in every major category.107 According to Pulte staff, call-backs in the D.C. division

have been reduced, but not eliminated (and probably never will be). Some of the mistakes

are stemming from communication breakdowns between the sales staff in the field and the

designers in the factory. For instance, sales staff may forget to itemize a masonry fireplace on

the job order and the house gets built without it. These are largely communication issues

which can be resolved with more sophisticated client-sales-construction interface

mechanisms.'"8

In terms of distributing the PHS system to other markets, Pulte expects to pull their PHS

engineers out of the Washington D.C. market at the end of next year when the plant will be

producing all of the homes in that division. Before that happens, Pulte will verify that the

product has been successfully differentiated from the competition, the houses are

performing to a high enough level (HVAC, structural, indoor air quality), 20 days have been

reduced off the cycle time (right now it's at 10), the service performance is working out and

the costs are in line." 9 If everything is where they want it, a new market will be chosen.

At this point, it is undecided as to where the next plant will be located and the decision will

be based upon a plethora of different variables. The market will have to be high volume,

most likely matching the plants own capacity for producing 1500 to 1800 homes a year.

Furthermore, it will have to be a market with long-term projected growth, possibly making

those markets which have placed "smart growth" limitations on development less desirable.

Additionally, the houses are based on a basement design, which excludes much of the

southwest which continues to build most houses with a slab-on-grade system. A fragmented

labor pool is also a desirable aspect to new markets, as this is the aspect which truly gives the

plant a competitive advantage. Additionally, Pulte executives may weigh the extent to which
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a given market is unified in a regulatory sense- a criteria which definitely helped with the

Virginia market and served as a detriment in the Las Vegas market for certain innovative

practices. Finally, the extent to which the labor pool in a given market is unionized may also

serve as a detriment to the PHS system, as trade unions, particularly framers and concrete

installers, may mount opposition to a construction methodology which they perceive as

threatening their livelihoods.

All of these questions will need to be answered as Pulte selects the next location for their

new factory, which according to Chippero is a sure bet. While Pulte may have the capital to

invest in up to two plants a year, the feasibility of such expansion may tax Pulte's existing

knowledge base and their ability to carefully monitor each plant installation and operation in

its infant stages. From Pulte's perspective, building two plants a year wouldn't be prudent.""

Pulte's factory approach to building home components has several attractive environmental

attributes. First, through the systems chosen, it clearly builds a superior home in terms of

energy efficiency to that which was previously being constructed by the Washington D.C.

Division (notably, however, a division which had not pursued energy efficiency prior to the

arrival of the PHS plant). Second, it uses substantially less wood than a traditional stick-

framed house. Internal estimates are that the process has reduced the amount of lumber in

the house by 35%. Construction waste is substantially minimized through the finely tuned

factory processes. Again, internal estimates project that scrap rates on the C & C cutters used

to make the floor joists are at about 1%."' The fact that steel studs are being manufactured

per the wall system means that the only waste being generated through the process is

essentially the "punch-outs" for the electrical boxes. Material delivery packaging has been

reduced or eliminated through the integration of re-usable packaging which, once unloaded

at the factory, is re-delivered to the manufacturer emptied of its contents. Finally, indoor air

quality is being carefully managed through processes similar to those used in Las Vegas.

Both the PHS model and the Building America experiments in the Las Vegas Division

present us with two very different approaches to innovation in Production homebuilding. As

illustrated, the two approaches affect the social systems of the homebuilding industry in very

different ways and the feasibility and ease with which both of these systems can be diffused
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throughout the industry is different in each case. The next and final chapter of this thesis will

draw conclusions from both of these case studies in an attempt to detail the successes and

failures of each innovation in addition to gauging the extent to which each approach may be

spread throughout Pulte's various operating divisions and to the homebuilding industry at

large.
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Chapter 5: Conclusions and Recommendations

As vast and detailed as this foray into the production homebuilding industry may have

seemed, I am confident in stating that it has only skimmed the surface of an incredibly

complex sector of an industry which has historically eluded academic research. What follows

is a list of conclusions and recommendations based on the past several months of my

interacting with and researching two divisions of one very large corporation operating in an

enormous industry. The extent to which these conclusions are upheld will be largely

dependent on subsequent research into the topic.

Conclusions

1. Innovations which are systemic in nature are largely dependent upon more centralized models of
diffusion.

Comparing the two different innovative processes presented in the case studies, the Building

America projects and the PHS homes, it becomes clear that one is more clearly linked to the

corporate vision of Pulte Homes. The decision to pursue the PHS model largely rested in the

hands of Pulte's corporate headquarters and its success to date has been dependent upon

their willingness to commit human and financial capital to the project. It is highly unlikely

that a local division head would have the ability over-ride the decision to go with the PHS

model, and once the model was in place the ability to tweak its functions would be very

difficult.

That said, Pulte spun off a separate arm of the company to pursue the manufacturing

processes. While it is questionable whether or not the PHS experiment can be considered

"disruptive" in nature, it possesses many of the characteristics which Christensen uses to

define such technologies. One important step for a company to take, argues Christensen, in

its drive towards disruption is to spin off a smaller more flexible arm of the parent company

within which the technologies can be pursued. This essentially frees the "innovators" from

the constraints of the pre-existing methodologies of the corporate structure within which

they are working. This was very important in the case of PHS. Many of the people I

interacted with believed that they were pushing Pulte to the forefront of the industry in
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addition to revolutionizing homebuilding itself. With few exceptions, that type of enthusiasm

was not found in the Las Vegas division's efforts with the Building America program.

The extent to which more industrialized processes are diffused throughout the industry at

large will be largely dependent on competitor's perceptions of Pulte's success with the

current model. It has already been rumored that other large national builders are planning

similar facilities in the Washington D.C. market, possibly a testament to the keenness of the

competitive forces working within the production homebuilding industry.' It should also be

acknowledged that issues of the costs of this plant have been conspicuously absent from this

thesis, furthermore so have issues of the profitability of the Washington D.C. division both

before and after the plant. For competitive reasons, Pulte has refrained from releasing these

numbers and they can not be gleaned from Annual Reports.

It is interesting to consider the evolving nature of the role played by the corporate entities of

the mega-production builders. One person I spoke with implied that in the past, corporate was

nothing more than a "banker" financing projects once the feasibility studies had been

completed by the local operating divisions.2 This is clearly no longer the case, as evidenced

by several of Pulte's national initiatives like the Pratte, DiVosta and PHS models, not to

mention the current national efforts towards plan simplification and standardization coupled

with tighter supply chain management processes. While such trends may have detrimental

impacts on the extent to which local forces can interact with the built environment around

them, large scale changes geared at creating more efficient building practices and better

homes could be greatly facilitated by the trend.

It is also worth noting that the systemic innovations typified by the PHS projects would

doubtfully have been possible without some of the aforementioned trends in the

homebuilding industry which have given companies like Pulte a distinct competitive

advantage in the marketplace. The consolidated codes of Virginia, Pulte's size, profitability

and market share in the region and their supply chain leverage were all crucial elements

towards them being able to pursue more industrialized housing practices. I believe that the

extent to which these trends continue to shape the strategic actions of large production
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builders will be largely responsible for the diffusion of such processes throughout the mega-

production homebuilding sector.

The innovations typified by the Building America projects were not, and it is doubtful that

they ever will be, diffused throughout Pulte nationally. Their implementation was placed

entirely in the hands of local "champions," and while the importance of these local players

can not be understated, their failure to influence the corporate agenda of Pulte should be

noted.

2. Incremental/sustaining innovations will diffuse more rapidly to small and lare firms alike because,
in general, they are easier, less costly and their results can be readily proven.

It was noted in several instances that technologies adopted in the Las Vegas division of Pulte

were rapidly adopted by competing builders in the market. This stemmed from two primary

factors. First, Pulte was working with very large subcontractors who worked for other

builders in the area. Once the subs realized the added benefits, in terms of efficiency and

call-backs, they readily convinced competing builders to utilize them. This was clearly the

case with the duct sealing which instantly reduced air leakage in the HVAC systems by

upwards of 15%, while only increasing construction costs by less than $100.'

Second, the added benefits of some products, like the Low-E glazing on the window

systems, were readily apparent to competitors and as the windows were more widely used,

the price differential between these and the previously used glazing systems began to

decrease, making them much more attractive to large and small builders alike.

More moderate and radical innovations, like the advanced framing techniques and cellulose

insulation packages in un-vented roofs would appear to have diffused much more slowly, if

at all, which may stem less from issues of cost than from trade resistance. Other builders

may also have perceived the regulatory barriers which Pulte encountered with the system as

too time consuming and costly to be implemented.

125



3. Government partnerships are not the only catalystsfor achieving successful innovations geared
towards energy efficieng and sustainability.

There is the widespread perception in the industry that building codes are to be treated as

the baseline for the worst possible structure and as long as this belief persists the use of

building codes to adequately push the envelope in terms of energy efficiency and

sustainability will never be accomplished. It is important to return to the example of

California and its Title-24 regulations for energy use. The codes are the strictest in the

country and have required builders to make changes to their thermal envelopes which they

may not have otherwise made.

There have also been instances in which federal and state governments have superceded

codes in an effort to remediate the environmental impact of certain building technologies.

The 1992 Energy Policy Act stipulated stringent low-flow toilet requirements in order to

decrease water consumption in residential structures.4 Furthermore local governments have

also taken measures to increase the efficiency of homebuilding, like the City of Frisco Texas

which mandates that all new homes must meet the EPA's Energy Star requirements.' Some

have argued that the social dilemma implicit in using the code to make homes more efficient

is that such innovations would greatly reduce the home's affordability, yet this is where the

use of an energy efficient mortgage as a "safety net" could be incredibly beneficial.

The mortgages have not been widely used because, to date, they have not been needed. The

affordability of homes has not been affected by most up-grades. The ability of regulatory

bodies to revolutionize an industry can not be understated, recall for instance the affect on

automotive technologies that California's increased emissions standards had in the eighties.

Codes also have the ability to look beyond energy efficiency at other environmental impacts

created by the homebuilding industry. Construction and Demolition waste is rampant and

easily controllable. With an estimated 75% of construction waste being recyclable/reusable,

technologies, like those illustrated at the end of the Las Vegas case study (the Packer-

Grinder), can easily turn construction waste into usable construction materials. If such

technologies were more regularly required on job sites across America, land fills would be

making much less money on an incredibly wasteful construction industry. Neither of the

case studies used in this thesis were driven to succeed through regulatory measures (they
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were, arguably, held back by them), but both proved that achieving fairly substantial levels of

efficiency is not beyond even the largest and most profit-driven production home

developers.

Furthermore, energy codes need to be enforced to the same level that structural and life-

safety codes currently are. With so many homes in America not even meeting the minimum

requirement for energy efficiency, it seems futile to push the 20% that actually are to even

higher levels. The Las Vegas projects, in particular, have proven the importance of post-

construction inspections and certified testing. While there is always the danger of such

measures adding to an already clogged regulatory environment, requiring them of all builders

would undoubtedly provide for more efficient residential construction practices.

Beyond building codes, it is important to note that the innovations adopted in the Las Vegas

Division of Pulte are being wholly sustained by Pulte's partnership with the Environments

For Living Program through MASCO. This private sector endeavor has proved incredibly

beneficial to energy efficiency throughout many regions in the country and while it will

always be important to consider the extent to which the government can assist in the

development and deployment of new technologies and innovations, the ability of the private

sector to add value to those innovations is of tremendous importance. Returning to the

example of construction waste, it would seem entirely feasibly for the private sector to find a

way of adding value to the waste generated by construction processes, particularly if that

waste can be used to meet other construction material needs.

4. The inflexibiliy of architectural design is a barrier towards more sustainable practicesfor large
production builders.

As production homebuilders reign in the number of plans and specifications which they

work with in their drive to increase profitability, they place strict limitations on the ability of

those homes to achieve maximum efficiencies through adapting to the constraints of the site.

Previous studies have illustrated that by utilizing passive solar techniques in the design of a

home (i.e. not placing large expanses of glass on south facing walls, designing louvers, sun

shades and sun shelves, etc.) heating and cooling load reductions could be achieved much

more easily. Yet when plans are being pulled from a book and consumers are purchasing
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based on nothing more than the aesthetic image of the rendering in the catalog, these types

of efficiencies become impossible to achieve. The consolidation of building plans will

eventually become a straight jacket for builders, entirely limiting their ability to expand on

the efficiencies of the homes they're building.

One Pulte architect made an interesting statement when he said, "The Building America

program does not affect the way we design a home, only the way that home is built."6

Another Pulte sub explained to me that in a particular Pulte subdivision, of the homes

built are experiencing higher cooling loads because they were designed with south facing sun

rooms in a desert climate.' Such design inefficiencies must be overcome.

Furthermore, the model homes that I have looked at are incredibly inefficiently designed

(spatially). I'm confident that close to 1,000 square feet of space could be trimmed off of the

houses without sacrificing any programmatic requirements. The plans today are being

marketed as bigger and bigger with much less attention paid to how a house is used and

what is actually required for living. Reigning in some of these design issues could greatly

benefit homebuilders, homebuyers and the environment in general. It should also be noted

that these types of design inefficiencies clearly open the door for more disruptive design

innovations which may capitalize on some of Pulte's manufacturing techniques and target a

less demanding consumer who will be happy to do away with the extravagances of the

contemporary Pulte Plan.

5. That said, buildings are only part of the problem.

Issues of site planning and urban design have not been dealt with extensively in this thesis,

partly because they are not entirely relevant to the topic, partly because I have not perceived

any innovative practices being pursued in this regard with either of my case studies. The site

design issue is an important one, and it does not appear to be addressed in any of the

programs that I've come across. Notions of permeable and drought resistant landscapes and

higher density housing typologies are not currently in the vocabulary of production

homebuilders. I did find, however, that the leverage for such issues is typically addressed

when Pulte buys into a master planned development project and is forced to abide by the
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goals of the project therein, thereby implying that this may be a good direction for

concerned communities to take.

In Chapter 2 of this thesis I briefly reviewed methods currently being used to attach high

performance building programs to progressive planning agendas- typically through market or

regulatory drivers. To my knowledge, neither of the divisions which I studied was involved

with any developments of this nature. However, Pulte Homes has purchased the right to

develop the second and third phases of the Civano Project in Tucson, Arizona, and there

would already appear to be problems with their meeting many of the requirements. For

instance, Pulte immediately declined to incorporate many of the mixed-use amenities which

were part of the original design and has strayed from the original intentions of the

community to place garages in the rear of the homes, thereby improving the streetscapes.

Pulte has, furthermore, voiced its intentions to include certain gated areas within the

development which is in direct violation of the original developer's guidelines. Finally, there

appears to be a disagreement on the amount of open space being provided by Pulte. The

original plan for the community stipulated a 30% minimum requirement, and current

residents are arguing that Pulte is failing to meet this by including things like power line

easements in their calculations of open space.'

In the second chapter of this thesis I outlined the difference between sustaining and disruptive

technologies and their affect on existing industry leaders. The extent to which these labels

can be applied to the innovations studied here will be discussed later in this chapter. It is

important, however, to point out that the potential for truly disruptive technologies lies not

in changing only the process by which a home is built, but also by considering the types of

homes a firm is building. I believe that the truly disruptive technologies in housing will stem

from homebuilders that recognize the extent to which consumers are being entirely "over-

served" by existing practices in that they are being sold inefficient, over-sized houses built at

low densities. Disruptive housing technologies will likely adapt many of the PHS innovations

and find a way to apply them to smaller, higher density forms of housing to meet the needs

of the ever-burgeoning group of consumers that don't need what companies like Pulte are

selling them.
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6. The production homebuilding industry is characterized by embedded networks, as opposed to "arms-
length relationships, and this is beneficial to the process of innovation.

When beginning this study, I fully expected to discover an industry characterized by

competitive bidding and adversarial relationships, yet this was not the case. Many of the

subcontractors in both the Washington D.C. and Las Vegas Divisions have longstanding

relationships with Pulte Homes, often in excess of ten years. The subcontractors in the PHS

homes, while at first hesitant and critical of the new process, were anxious to continue

working with Pulte and have adapted to the new system. Building code officials have

commented on the fact that they often draw on Pulte's knowledge with the system, and are

not afraid to call Pulte executives or project managers with questions that they may have

regarding other projects. Product suppliers dealing with the PHS factory have ambitions of

growing along with the system and in most cases, Pulte intends to allow them to do so. It

has previously been mentioned the extent to which software developers have depended on

Pulte to grow their own businesses.

Similar traits have been exhibited in the Las Vegas market. However, it should be noted that

some of these loyalties have been disrupted by the new Pratte model which has displaced a

longstanding framing relationship and caused both Pulte and Pratte severe growing pains

during the transitional phase, often to the detriment of the efficiency measures at hand. It is

interesting to note, in this instance, the extent to which a corporate decision to integrate

Pratte into the Pulte fold disrupted existing networks in the Las Vegas market. In order to

complete the work before them, Pratte had to beef up their labor forces extensively, thereby

"stealing" employees from framing operations which had previously completed a majority of

Pulte's work in the market.9 None-the-less, other subcontractors I spoke with held the

company in high regard, and viewed themselves as members of the Pulte team, rather than

mere subcontracted laborers. Some even implied that they were looking down the line at the

possibility of entering into a relationship similar to the Pratte deal, in addition to having used

the Pulte relationship to enter into new markets where they had not previously worked.

Product suppliers also leverage their relationship with Pulte to enter new markets, a window

manufacturer, whose partnership with Pulte began in the Las Vegas Division is in

negotiations with Pulte National to enter into a nation-wide purchasing contract which

would help bring their product into markets where they do not currently operate."'
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Furthermore, the EFL and Energy Star Programs have spawned a cottage industry of

professionals whose sole purpose is to test and inspect homes for energy efficiency so that

they may achieve either rating. As their livelihoods are largely dependent on builders

pursuing these practices, they have become some the most aggressive salespeople for the

pursuit of more efficient building practices. Pulte staff also appears to make efforts to be

involved with local trade organizations; for instance, Nat Hodgson, the current VP of

Construction for the Las Vegas Division is the chairman of the Southern Nevada

Homebuilders Association Energy Code Committee and is actively involved in working with

the state on the adoption of the new 2003 International Energy Conservation Code (IECC).

I believe that the existence of such embedded networks has facilitated Pulte's ability to adopt

innovative practices in both Divisions, and that these types of networks should continue to

be built upon.

7. The possibilities of the incremental innovations in the Building America Program to be expanded
upon are extremely limited, while the PHS modelposes greater opportunitiesforgrowth.

As previously mentioned, the Building America Program has been designed in stages. The

fist stage was to reduce heating and cooling loads by 30% and the next stage was to get to

30% whole house energy reductions. These first two steps, while not necessarily easy, were

entirely within the capabilities of most production builders today. This is because the

changes did not entail substantial costs and could be accomplished, for the most part, using

existing technologies built into products that were already in the market place. The next step

is to go to 50% energy reductions in homes, and it would appear that the relationship

between Pulte and BSC has largely broken off at this point. Early experiments with higher

levels of efficiency in the Phoenix market indicated cost premiums of $7,600 in order to

achieve 44% reductions in energy use, which undoubtedly scared most other Pulte Divisions

away from the process." Nobody I spoke with at Pulte implied that the program was moving

forward or that there were any plans to pursue increased efficiencies in the Las Vegas

Division. Most people I spoke with outside of Pulte felt that it was going to be difficult, or

impossible, to get the large production builders beyond where they are today. Furthermore,

some subs implied that the entire program may be dropped and Pulte may simply revert to

their old way of building. It is entirely dependent upon the leadership in the division at any
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given time. Dave Beck, former V.P. of Construction for the Las Vegas Division, told me

himself, "If management changes at Pulte and the next guy says 'I don't want to do it,' it'll

go by the wayside."

The Building America interventions can be considered as a "cluster" of sustaining

incremental and moderate technologies. Each intervention required the attention of different

product manufacturers, subcontractors and code officials. To a certain degree, each of these

parties will again be affected if Pulte decides to pursue the partnership to the next level. It is

extremely laborious, and without the centralized authority like that exhibited in the PHS

model, where it was recognized that the entire system was dependent on the changes at

hand, each party is left with a certain degree of flexibility in resisting what will happen next.

The PHS model, on the other hand, appears to possess tremendous potential for growth.

Individuals involved with the system are clearly excited and energetic about the possibilities

of achieving higher efficiencies and are currently working on systems to do so. Experiments

with a manufactured roof system, which will finally put the entire shell of the home in the

factory's hands, are underway and there would appear to be constant tinkering with

architectural and structural details being pursued in an effort to improve on the homes

performance.

However, it is important to note that, based on Christensen's definitions, the PHS model

should not be considered a disruptive technology, as defined in Chapter 1. While the

technologies used are systemic in nature and radical in their impact and could, furthermore,

be considered to affect the entirety of the social system surrounding homebuilding, they

were essentially designed to provide an identical house in price and appearance to the system

it replaced. While Pulte exhibited many of the traits which would imply a disruptive

technology (i.e. spinning off a separate, quasi-independent branch of the company, hiring

people from other industries, etc.), they never targeted consumers who were being over-

served by the current housing market by providing a lower priced, under-performing

product. Instead they simply added value to their existing product line.12 Pulte went to great

lengths to insure that the average consumer would not be able to visually discern a PHS

home from the traditional site-built structures they were used to seeing at a production
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homebuilding site. It is almost ironic when one considers the pains Pulte went through to

construct houses with no perceptible differences to the ones they were already building.

8. Well trained sales and marketing staffs are an integral component in overcoming consumer
misperceptions of innovative practices and new technologies.

Both of the divisions I looked at commented on the importance of training their sales staff

to pitch the new products they were offering. It is important to note that consumer

perceptions of factory-built housing have long been held up as one of the primary obstacles

to the adoption of more industrialized homebuilding processes. Yet Pulte undertook an

extremely aggressive marketing campaign in order to sell the PHS home (see Appendix #3).

With a thoughtful and well organized sales pitch, the organization has easily overcome this

barrier and convinced costumers of the inherent qualities of the PHS system which make it

superior to traditional building practices. The sales staff was well-informed, presented the

system clearly and had lots of supporting documentation readily available in a clear concise

language that the average consumer could easily understand. It is interesting to note that this

very same division and sales staff considered themselves incapable of marketing a downsized

HVAC unit to cool the home in a much more efficient manner.

The extent to which mega-production homebuilders are vertically integrated and utilize their own

in-house sales staff bodes well for their ability to market technological innovations. Just like

employees, consumers need to be trained to look at homes differently and to develop a

deeper understanding of the systems which make a home work (or not work). The ability to

train their own staff and have them integrally involved with the deployment of new

technologies gives mega-production builders a distinct advantage in this regard. With the

exception of the PHS system, they do not appear to be capitalizing on it.

Recommendations

1. Government Programs prioritizing incremental innovations shouldfocus on small to medium sized
builders in the future.

The Building America Program has been incredibly successful given its fairly minimal budget

of approximately $16 million. Much of this can be attributed to the structure of the program
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in which the DOE has assumed a managerial role of a series of private sector organizations

which were charged with the day to day operations of the research. Previous studies have

downplayed the role played by DOE in this regard and it is questionable whether this was a

fair criticism given that the vision and goals for the project rested entirely in their hands."

That said, there were some outcomes of the program which were unforeseen by the planners

at DOE. For one, it was expected that large builders would pursue the program and small

builders would implement their best practices, in essence, the "bell-cow" approach." It

would appear that this has not been the case, and in many instances the most aggressive

partners have been those small operations which were attempting to differentiate themselves

from the mega-production builders. Small builders tend to be characterized by local leaders, often

times they are family owned businesses which are distinguished by a strong internal vision

for building a quality product. Infiltrating these organizations can be much less tedious than

trying to work with a large production builder and growing the innovations and technologies

within them tends to be less riddled with issues of cost and liability. With smaller builders,

decisions are made more promptly and implementation tends to occur more rapidly. Thus as

the Building America Program ascends to higher levels of energy efficiency, focusing on

these smaller homebuilders could provide tremendous results.

2. Should government programs continue to work with mega-pmduction homebuilders, they should
attempt to infiltrate those organizations at the corporate level and not the division level.

It has been stated at several points in this paper that large production builders are becoming

increasingly centralized in their drive to boost market share and increase profits. For

government programs to continue working with mega-production homebuilders at the local or

division level will continually put them at odds with corporate mandates. The Energy Star

Program has made efforts in the past to work directly with the corporate organizations of

large production builders in order to make energy efficiency part of those company's larger

vision for how to build homes, and while the program failed with most builders, it succeeded

with Pardee Homes who will now rate all of their projects as Energy Star. 5 That said,

Energy Star is setting the bar lower than many of the Building America Projects, yet if a

more collaborative dialogue with corporate entities could be established, the effects of such

programs could be much more far-reaching.
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3. Innovations and new technologies will need to address the lack of skilled labor in the trades, while
also making such innovations beneficial to the trades who adapt to the changes.

The PHS model grew largely out of a concern that there was a shrinkage of skilled labor in

the construction trades. The process was designed to address this issue by "dumbing" down

the systems where possible and by taking more control over the product design to give the

trades a clearer road map where particular innovations involved more complicated processes.

Arguably, Pulte did a poor job of passing the benefits of this more economical and less skill-

driven process onto their subs, who were not allowed to increase their profitability under the

scheme (with the exception of the electrical sub who's fees for the PHS homes have

increased by approximately 35%). Fewer laborers are now required to build a PHS home and

the home can be constructed in a shorter period of time, yet Pulte appears to have wholly

internalized the increased profitability once it was passed over to the subs, and this may

explain the increasing quality control issues currently coming to light on some of the

projects. This internalization of the process benefits may ultimately degrade the

"embeddedness" of the networks in the Washington D.C. Division in a manner similar to

the way the Pratte model has disrupted many of the Las Vegas networks.

In the less systemic innovations typified by the Building America projects, extensive work

went into ensuring that trades were able to complete the tasks at hand, yet alterations to the

design process (with the exception of the initial technical support provided by BSC) were

never made. Once BSC strayed from the partnership, the ongoing implementation of the

technologies at hand was largely left in the hands of the remaining trades, which is

problematic in a field with such high turnovers. In essence, it placed the onus of retraining

new workers to complete more complicated tasks, entirely on the shoulder of the trades

themselves. This is why subcontractors, like Sierra Air Conditioning, must have bi-weekly

"tool box talks" in two different languages in order to ensure that their workers are kept up

to date on the latest technologies.16 It is also why moving to higher levels of efficiency may

be difficult.
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4. Partnering with product developers and building material suppliers will be a key component of
integrating technological innovations into the homebuilding industry.

While the PHS model took more control of product development in the systems they were

working with (making their own SIP panels and floor trusses, etc.), the Las Vegas Division

was dependent on what many of their product developers could provide them with (recall

the problems with the ventilation control devices and windows). Arguably, this process of

working with product developers and suppliers was easier for Pulte due to the purchasing

leverage it had, both locally, and nationally. Yet for smaller builders, the added costs and

liabilities associated with new products can often serve as a detriment to those products

being adopted for use. Future government programs should pay very careful attention to the

materials and products being placed in homes and work on improving the efficiency and

affordability of better products. Well designed product development programs will not only

focus on creating better products, but making a more cost feasible transition to market by

building bridges between the homebuilding industry and those manufacturers and suppliers

to insure widespread acceptance of new products which could thereby reduce the initial cost

of such innovations to homebuilders. Given their size, purchasing power and geographic

scope, the bridges should clearly be built between product developers and mega-production

builders. It is clearly one of those instances in which government programs designed to foster

innovative practices would benefit from working directly with corporate entities as opposed

to individual divisions, as this is where the real purchasing power lies.

The impact of working directly with material providers and product developers has been

illustrated in the Weyerhaeuser example of transitioning all of their forest land to FSC and

CSA sustainable forestry practices. The importance of working with product suppliers was

also seen in the Las Vegas Division's experience with getting York to seal their furnaces in

order to decrease leakage in the HVAC systems. Currently, such partnerships are anomalies

in the industry, yet with the increasing supply chain leverage of mega-production builders and the

incredible research capacity of government programs like Building America they could

become the norm.
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5. Large production homebuilders need to develop more carefully integrated design and engineering
systems.

I believe the key to the success of both the PHS and Building America innovations was the

extent to which they integrated design and engineering services. In the PHS model, it is

widely acknowledged that the factory was only a small part of the problem, and that

changing the engineering process to accommodate the new system was the major obstacle.

This required Pulte to internalize the structural engineering services and to develop stronger

relationships with mechanical engineers and software designers rather than simply allow the

trades to handle such processes.

In the Building America projects, engineering approaches were arguably the genesis of the

program itself. Early proponents of the program made strong arguments for taking a

"systems engineering" approach to homebuilding which created stronger links between

structural, mechanical and architectural design. One of BSC's roles in the partnership was to

actually design and engineer the mechanical systems which would be used in the houses (the

willingness of trades to cooperate with BSC largely stemmed from BSC's technical and

practical knowledge of home mechanics), early obstacles entailed convincing structural

engineers to sign off on the changes. The only engineering that's being internally driven

today in the Las Vegas division is the value engineering typified by the Pratte partnership.

One can't help but think that if more effort were put into integrating engineering processes

into the original designs, things like value engineering, which tend to occur at the very final

stages before construction, might not be necessary in the end.

6. A cross-industry dialogue needs to be established so that homebuilding can learn lessons from more
sophisticated manufacturing and development industries.

One interesting conclusion in studying both of these cases is the extent to which the

theoretical underpinnings for both projects were essentially derived from other industries.

The PHS model required the manufacturing know-how of several individuals who were

recruited from the automotive industry. Without their knowledge of more sophisticated

manufacturing processes, the efficiencies achieved in the PHS system would doubtfully have

been accomplished.
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Similarly, the Building America program, while implemented by building science experts, was

largely designed by industry outsiders- people who had experience in other scientific fields

and manufacturing processes. Their ability to step back from the homebuilding industry's

current practices and evaluate where the flaws existed led them to designing a program that

was less based on the product, but more focused on the means by which that product was

brought into existence and the many relationships which were involved in the process.

Currently, much of the effort in the homebuilding industry is being placed on improving

communication channels within the industry- a noble effort indeed, given their somewhat

lacking state. Yet, very little effort is focused on cross industry dialogues to see what can be

garnered from the expertise of other manufacturing and development processes. It is my

belief that such a dialogue would greatly improve the efficacy of the homebuilding industry's

effort to build a better product.

Research Limitations

There were several difficulties in the research and writing of this thesis, and I feel it is

important to make mention of them here. The major difficulty was in obtaining first hand

accounts of both processes. The production homebuilding industry tends to operate at

lightening quick speeds and getting people involved with, or related to, the industry to stop

and give their time to research endeavors was an incredibly difficult task. Emergency

situations arise on the radars of production homebuilders on a nearly daily basis, and

graduate student researchers do not merit high on the list of phone calls to be returned.

When I went to visit the PHS factory in Manassas, one of the financial officers had had a

heart attack while visiting the plant the day before and much of the local staff was embroiled

in dealing with the problem. Chuck Chippero, despite this crisis and an incredibly busy work

schedule, still managed to give me an incredible amount of his time, for which I am

extremely grateful. The Las Vegas division is still in the midst of transitioning to the Pratte

System and the transition is anything but smooth- wreaking havoc on construction schedules

and project deadlines. The turbulent nature of that division and the extent to which Pulte's

profitability is tied to its prosperity were definite barriers towards obtaining the time of Pulte

staff in Las Vegas.
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Furthermore, several of the people I spoke with expressed concern as to their views being

misinterpreted by Pulte and were extremely uncomfortable with the notion that their

thoughts and ideas were going to be incorporated into a research project dealing directly

with Pulte Homes. Some refused to speak with me.

It is also important to note that in many instances there was an extreme information

disconnect between data provided by trade journals, Pulte employees, government agencies

and Pulte subcontractors. In most instances, I have attempted to double and triple check

statistics provided in this paper, but I must say it is with some trepidation that I write this

conclusion, knowing full well that I, myself, may be providing misinformation to future

researchers. In every instance, I have tried to account for this and where I felt that

information was entirely unreliable, it has not been included.

Finally, I would like to address the fact that I used two case studies within a single corporate

entity. I did this because I felt it was interesting to see a single company pursuing such

different avenues and also because working within a single organization greatly eased my

ability to conduct research. However, the method that I have used makes it difficult to

extract conclusions which can be applied to the industry as a whole; as different builders will

often exhibit different propensities to pursue innovative practices. Pulte Homes, based on

conversations I've had with many people in the industry, is more progressive than many

other mega-production builders, thus to draw inferences from its activities may provide

somewhat of a slanted viewpoint.

Conclusion

I do not necessarily feel that the contemporary production homebuilding industry, Pulte

included, is sustainable by any measure. The ability of large builders to adopt innovative

practices which can help to remediate the environmental impacts of their homes is feasible;

however, the production homebuilding industry will never be "sustainable" in its current

form. The degree to which the industry consumes land and builds single-use, auto-

dependent communities of over-sized homes at extremely low densities will never allow it to

be qualified as such. The extent to which innovative practices can address such issues is well

beyond the scope of building scientists and will largely depend on the ability of planning
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agencies to define a better agenda for how we are to inhabit the landscapes in which we

build.

This thesis finds that what has traditionally been recognized as a single industry characterized

by a number of structural traits which have made it "resistant to change" is rapidly evolving

into a bifurcated industry of mega-production homebuilders and smaller regional entities. At the

outset of this thesis I asked whether some of the current trends in production homebuilding

(increased builder size, more stable capital, code consolidation, vertical integration and

supply chain management techniques) were creating an environment in which large

production builders would be "ripe" for more innovative practices, and what the remaining

obstacles to the adoption of such innovations might be. This thesis concludes that, based on

two case studies of a single mega-production builder, the hypothesis is supported. The Pulte

Home Science projects, in particular, clearly exhibits how a large production builder can

capitalize on these current trends in the industry to pursue more systemic innovations. It

also finds that consumer perceptions and demand-side resistance, in addition to the lack of

more carefully integrated design and engineering processes are still substantial obstacles for

mega-production builders.

I also asked whether contemporary government programs, designed to foster innovation in

homebuilding, were going to be successful in dealing with the evolving structural

characteristics of mega-production builders. While the thesis supports the fact that the Building

America Program has been largely successful in dealing with large production builders to

date, it acknowledges that it will be difficult to expand on those successes without tying into

the larger corporate agenda of the parent company and developing stronger relationships

with product manufacturers. I have also concluded that such programs may better serve the

industry by focusing on the smaller regional and local builders who will increasingly need to

differentiate their products in the face of severe competition from the mega-production builders.

Future research, while continuing to understand the traits of the smaller, regional

homebuilding industries around the country, will need to pay careful attention to the special

traits inherent in mega-production homebuilders because it is a sector of the industry whose

impact will increasingly be felt in the decades to come.
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' Anonymous, Electrical Subcontractor for PHS, personal interview, 4.01.05.
2 Beck, Dave, Area Vice President, Pulte Homes, personal interview, 3.03.05.
3 Wilson, Darren, President: Sierra Air Conditioning, personal interview, 5.07.05.
4 Eisenberg, David and Yost, Peter, Sustainability and Building Codes, Environmental Building News,
September 2001, p. 3 .
5 ibid, p.3
6 Kheir, Odeh, Director of Architecture: Pulte Homes, Las Vegas, personal interview, 3.30.05.
7 Anonymous, personal interview, 5.10.05.
8 Civano Neighbors, Civano Neighbors Neighborhood Association Position Statement on Civano Master
PAD Formal Submittal, Civano Neighbors website: www.civanoneighbors.com , Feb. 11, 2005.
9 Anonymous, personal interview, 5.10.05.
10 Anonymous, Window Supplier, personal interview, 4.05.05.
11 Building Science Corporation. BSC Final Report: Lessons Learned from Building America
Participation, 1995-2003. (Building Science Corporation Website: www.buildingscience.com, February,
2003.
12 Some researches that I have spoken with have implied that Christensen's definition of disruption is too
narrow in its dependence on shifting consumer preferences. The extent to which the PHS model affects the
labor relationships in the homebuilding industry and the extent to which it could potentially affect the profit
margins of the homebuilder may lead some to forgo Christensen's definition and allow PHS to be deemed
"disruptive."
13 Norberg-Bohm, Vicki et al, Building America Program Evaluation: Volume 1, Main Report,
(Cambridge: Kennedy School of Government, September 2004).
14 James, George & Pollock, Ed. Department of Energy: Building America Program, personal interview,
3.18.05.
1 Rashkin, Sam, Director: Energy Star Homes, personal interview, 4.30.05.
note: Pardee Homes of California and Nevada has been very aggressive for a production builder in terms of
environmental practices. They have experimented with photovoltaic panels, pursued the use of sustainably
harvested wood products and paid careful attention to issues of indoor air quality. It should, however, be
mentioned that they are a much smaller builder than most national companies and only operate in the
California and Nevada markets and completed approximately 2,600 homes in 2004.
16 Wilson, Daren, 5.07.05.
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Environments For Living* Guarantee
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4MENTS FOR

LI MITED GUARANTEE

LENGTH AND LEVEL OF GUARANTEE

THE ENERGY USED FOR HEATING AND COUNG YOUR
HOME LOCATED AT:

IS GUARANTEED NOT TO EXCEED AN ANNIAL USAGE OF.

WE ESTIMATE THAT YOUR HEATING AND COOLING COST
WILL NOT EXCEED AN AVERAGE OF$ - /MONTH
BASED UPON ENERGY RATES OBTAINED FROM:

THIS COST IS STCLY M EUM IEM WhLL WAY WTN TUBCJI
COSTOFENEGY. THIS HEATING AND COOLING COST IS SASD ONLYON
THE UTIUTY RATE AND DOES NTINCLUDETXES, SICHARiESOROTHE
FEES CHARGED BY YOUR UTMilY PROVIDER. SEE REVERSE SIDE 0EREOFFOR
FURTHERDETAILS.
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. F wmanactrrsinsuinsrgardingperation s d srvce of the VAC sye,
including annualinspectioe and herreplaceaM

3. Seyear thernustatne highuereen7 degreesF during Vi heading season and on ieuver t
Sdegree F duringibe coolng saon.

4. Noiyrthe EAivawis for iiring*Progran o any changereyeurome thatmayincreae th
energyuse,itsequipmentor ccupacyafter the date of thi guarane seo that appropriate
a4usuan mman bemadeothe GuaranmedUsage. Yuwilb chabged afeeor te

re-alian and adjuamentaco the GuarateadUsage,

t. Subitany claimsandnices witing te:

= some sawt

Suhmt daimsrelting tethe ryea othe guerntee w in 3 days after the rstannwers
of thuStitat. Subt any remainng clai itin3ds*rthe seeannersam y of
Me Startate. incluide aosom nnd*enr steints and proof o r HyAC spi
mairmc and Service malk

AAysaAem ayis: r y i ea egy sinial ts oihrn ga& cowing (sch as i pplace& pools, ape)
To deermine vwteryou maybve a claim under tis gamee yusW wneed s COmplee and subiweft aen1sednergy Use worksheet. For eack l2moni period during ia guare,
theworInheetusee formule to emoatt part of yoWtotui energyw se ta aPr"s headon a ing and then Cewresie s gaantee. Sae worksheet earoded fr your
reformec, The foimn isa dcripiof thfonne. FrA we calculate t verage ofyour reelowestfulmmo f energy use when your hom is occued. Weesummethatdts

erageeihiA teA nergy yeuuseedforaci han heeng d coeing. That average mid by 12and bractedfromyour totalergy ms drnga 12-mperi
TheremwingnemberaseiewaestWOn of aew*Oeweened toely raomnlhemdng odagne*r y) If nned..we also mayidstoe seawCoelsEento
neludeujier a m ergr usenot related to hetng and cning suok as sassenal us atpeds and pes.

Iuid g Tid guarantee does not cow clais duet the malfuaction or meinrista or meatenance otde WAC sysem. This garantee does not cOve ciCs due to abuse
neglect accideng o od,rt er natural disasters.

Dbim Except as isted above, The Enrom ekFrLi regrammakesa r ewarranes. Where pewfd byaw, The *Foremnq rierv* g Progrm disclaim &N
impiadwrradiicldn ewanam ofrchaabity atsiefr &partuead r pups.. Ittemewdoes nwt epentsuch adiesmimerhen any aichiplsd warradius shebe mited to
he duraliseof tis sprass marnt. Some saes do not allw imitdons howlng aniipedwranty lss, sthe abo fitron may ot applyVDse. The abensAmt Forueg*

Program Is at able for any inchneqor eenspental damages Soea stes r de not enem e eeclaf incidentalr o nsequeMia damages, so the above esoWm andimitadn may K
appwyo. Wkhoeutming e guera disclaimers above, taeFnawwnsFerL~h g.Pro.sm makes no represmwrtdon orwarranbtas oarykiral. epes . or mpi d to anyanewit
respecttomold, Rdem aorenythrnironmiernalcontamne or plmets whetherw bolgical or chkalin source r charactristics. This guarantee gives you specil lel nghts, end
ysalam k ae odte rgluwich Very m onsat aste.

On0 Mao eseeacta rsandee. yla g nsi h YWAT FOR aVWisa re areeas.um ruetacf e m eC wa iet., Al Woss ao.fmens A

For more information, call toll-fre.1-466-112-7233
Pub. Me OUS
Prined ases
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ENVIRONMENTS

ENVIRONMENTS FOR

Fee Structure

1. The Plan Review

All guarantees require a plan review
$250 per production plan level plus 305 for each additional sq. ft. over 2,500
$450 per custom plan plus $.05 for each additional sq. ft. over 2,500

- Pricing is based on the selection of a single level (Silver, Golo or Platinum) per pla
* Additional review levels or climates for a plan are 350 each.
& More than one option will require additional fees.
# Re-analysis of a plan is $50. Re-analysis includes, but is not limited to, the additioi

change of utilities (.8. all electric to electric and gas) or change of equipment :e
- Additional fees are required for nergy StaP certification.
* Submit all plans, original input sheet and your payment of the appropriate fees to:

The Envinments fortving Program
1496 Airway Circle
New Smyrna Beach, FL 32158

If you have any questions concerning appropriate fee amount, please call the Eavki
Sales Office at 1466-127233.

2. The Guarantee Package

Pricing varies by sponsorship status, type and the number of homes dedicated to the F
For Lving Program's Customer Service department et14%64-2233 or visit Eniresi
for alist of approved Program sponsors.

Sponsored Fee Non-Spesored Fee
500+ Production Homes* $145 $185
Less than 500 Production Homes' $170 $210
'Plus* Production Homes" $430 $480
Custom Homes" $525 $575

Subdivisions nwo comuin a mmum of I house to qualify fr the roduction Pick.

"eqires a fW Wm*res of tests on teb home.

You will receive an invoice for each guarantee. Make all payments payable to the n

Each guarantee package includesthe following:

eN iliw geek Heaiqg& Cooling iergy Use aratee
The limited energyuse guarantee refers-to the estimated amount of energy need
guarantee for further details and limitations.

OR
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Appendix #2
Pulte Home Science Factory Processes
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Panelized Foundation Wall System " "ome Nciences

PHS System Benefits over Standard Construction VIRGINIA

Wall system utilizes high-strength steel reinforced concrete
rated at a minimum of 5,000 PSI.

Walls are available in 8' and 9' heights and accommodate
walkouts and welled exits.

Walls are level and square within %" and a complete home
foundation can be set in the field in less than one day.

Walls have a smooth, clean appearance that is easier to finish.

SETUP -> REBAR => POURING -> CURING -> STRIPPING -> LOADING
Process and Material Overview

Setup
40' X 12' moving form tables start in the SETUP area where the PANS
and BULKHEADS are placed assisted by a laser outline projection
system to layout the foundation walls. Multiple walls are setup on one
form table.

Rebar
The moving form table travels to the reinforcing bar (REBAR) station
where precut assemblies are added and the initial wall quality check is
completed.

Pouring
At the POURING station a moving concrete spreader is filled from the
"flying bucket" which transports concrete from the batch mixer to the
spreader. The concrete spreader then travels the length of the form
table filling all wall cavities.

Brick Ledge
After the walls are poured, brick ledge is added and the form table
travels to the CURING chamber until the concrete walls have achieved
sufficient strength to be removed from the form table.
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Final QC
At the stripping station the walls receive a final quality check and are
lifted by a specialized crane rig from the form table. All components
including pallets, bulkheads and pans are automatically cleaned and
staged for reuse.

Loading
The finished walls are loaded onto custom designed trailer carriers for
delivery to the field installation crews.
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Truss Assembly IUI LU
PHS System Benefits over Standard Construction Home sciences

VIRSINIA

Trusses are lightweight and allow for a rigid deck design.

Trusses span very long distances, which allow for large deck panel
assembly.

Open metal web trusses allow for timesaving during plumbing and
HVAC installation inside the truss and maximize basement ceiling
height clearance.

SAW SHOP => TRUSS FABRICATION = CNC CUTTING -> PANEL ASSEMBLY - LOADING
Process and Material Overview

Precut Dimensional Lumber
All dimensional lumber required for the deck panel trusses are pre-cut,
labeled and staged on specialized carts in front of the truss machine.

Component Assembly
Operator loads machine rated 2X4 premium lumber into the first stage of
the truss machine for the assembly of the top and bottom truss chord
lengths as well as insertion of the vertical 2X4 truss supports. Trusses are
manufactured in a sequence to match deck panel assembly.

Web Insertion
At the second stage of the truss machine the metal "V Webs" and "I
Webs" are hydraulically pressed to complete the truss fabrication. Trusses
can be up to 44 feet in length.

Final Assembly/Inspection
In some cases special features are added such as OSB sheathing. The
trusses are then inspected for quality and staged for transfer to the deck
panel assembly table.
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Deck Panel Assembly IesINIc
PHS Floor System Benefits over Standard Construction viRGINIA

High-resin premium 7/8" thick OSB floor decking contribute to a very
rigid floor system design (L/720 max deflection)

Jumbo 8' X 24' OSB sheathing allows for fewer floor seams compared to
4' X 8' sheets.

Open metal web trusses allow for timesaving during plumbing and HVAC
installation and maximize basement ceiling height clearance.

PHS floor systems can be installed in the field in less than one day.

SAW SHOP -> TRUSS FABRICATION => CNC CUTTING => PANEL ASSEMBLY -> LOADING
Process and Material Overview

CNC Multifunction Bridge
Automated CNC Multifunction Bridge cuts 7/8" Jumbo 8X24
Oriented Strand Board (OSB) sheathing to custom fit each deck
panel for a complete first or second floor deck system.

Component Assembly
Team members assemble deck panel components (sill plate, rim
board, open web trusses, blocking and braces) assisted by a laser
outline projection system. Components fit together within +/-
1/16".

Automation

Automated CNC Multifunction Bridge drives in mechanical "scrail"
fasteners, cuts HVAC and plumbing openings in the sheathing and
draws outline for field installed interior steel walls.

Loading
Panels are loaded on a flatbed trailer for delivery to field
installation crews. A typical house plan requires 15-20 deck
panels.
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Structural Insulated Panel (SIP) Wall Assembly I jUILU
PHS System Benefits over Standard Construction Home iences

VIRGINIA

Overall quality is improved by delivering walls that are built under
controlled conditions resulting in straighter walls inside and out.

The SIP wall system is stronger than conventional 2X6
framed walls in every category (axial, bending, racking and
shear tests).

SIP walls provide better energy efficiency by delivering a whole wall
R-1 4 rating and allow for a tighter envelope with less air filtration.

Building wall panels up to 36 feet in length reduces field
construction time.

LAMINATION => CNC CUTTING -> SUB-COMPONENTS => FRAMING -> WINDOW INSTALLATION => LOADING
Process and Material Overview

SIP Lamination
SIP Blank panels are fabricated by laminating an EPS foam core between
two sheets of 7/16" thick Oriented Strand Board (OSB) 24 feet in length.
The SIP composite is then placed under pressure while the adhesive cures.
After lamination, the SIP blank is staged for cutting using specialized
material handling equipment.

CNC Machine
The cutting operation is performed by a state-of-the-art CNC machine,
precisely cutting and routing each section of SIP wall via a cut routine
derived directly from the engineering drawings. This provides a high
quality wall component built to tighter tolerances than can be economically
achieved utilizing conventional "stick" framing techniques.

Sub-Component Assembly
A computer controlled framing table is utilized to frame window and door
assemblies. Pneumatically powered brackets clamp the dimensional
lumber in the correct position for assembly while SIP sections are attached
to complete the component. The entire assembly is then flipped by the
machine allowing the opposite side to be nailed together.

Framing
Sub-components and larger wall sections are mated together on the
framing tables. Mechanical clamps aid in the assembly ensuring a tight fit
of all wall components. Lifting straps are installed, house wrap is applied
and the wall section is now framed.

Window Installation
A precise and repeatable window installation procedure in a controlled
environment provides a high level of quality control. Plant installed
windows also reduce assembly time in the field.
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Steel Wall Assembly VIRGINIA

PHS System Benefits over Standard Construction

Interior steel walls will not rot, warp, split, crack, or creep and will
remain straight and true reducing dry-wall "nail pops"

20 Gauge Material is used to support Load Bearing Walls

Interior steel walls are Non-Combustible and will not contribute
Fuel to Fire

Steel roll-form process is lean with very little waste and steel is
100% recyclable

Pre-Assembled Panels speed up Field Erection

Coil Loading -> Frame Master Process => Wall Assembly -> Loading and Shipping
Process and Material Overview

Coil Loading
3000 lb steel coils are inspected for quality compliance and loaded on the
decoiler. The flat steel is then threaded through the automated FRAME
MASTER forming machine.

Frame Master Process
The automated "roll forming" machine fabricates all steel studs, top plates
and bottom plates. All required holes and indentation details are
automatically stamped and each steel piece is labeled to ease wall panel
assembly. The overall process is lean with very little waste.

Wall Assembly
Aided by a computer "CAD" display, operators assemble each interior steel
wall panel by connecting the steel studs to the appropriate top and bottom
plates. High speed collated screw guns are used to attach all wall
components together with specially designed screws.

Loading and Shipping
After the interior steel wall panels are assembled, the completed wall is
pushed forward and inspected for quality compliance. Completed walls are
stacked to form a pallet and the pallets are labeled for delivery to thejob
site for field installation.
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Appendix #3
Pulte Home Science Sales Literature
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The way It should be

puftcom

oors are quality

underfoot

-t Homes, we are dedicated to finding a better, more

cffcient way to build our homes. And In this community,

the difference it makes is noticeable as soon as you take your

first steps inside. Utilizing precise factory manufacturing

techniques, we build technologically advanced floors that

offer homeowners many advantages.

The strong, quiet type

Pulte Homes engineered flooring systems use steel webs that make them stronger. And

factory manufacturing also enables them to accommodate larger sheets of subflooring.

Larger sheets mean fewer seams, so there's less chance of squeaks, cupping or warping.

Multi-functional design

The other benefit to this approach is under the floor. The floor joist design permits

ductwork and plumbing to be run through the trusses, out of view. And it saves space,

so you get more headroom and a cleaner look in the room below.

Environmental improvements

At Pulte Homes, we are always looking for ways to be more environmentally efficient in

the homes we build. For example, we use metal webs in our engineered flooring system

instead of wood. And using less wood helps save more trees.

At Pulte Homes, when you stand on our floors, you'll know we stand for quality.

Pulte Homes is devoted to
identifying better materials and
methods that lead the industry.
We develop environmentally
friendly applications and
constantly search for innovative,
next-generation ideas that
contribute greatly to the high
quality found in every home we
build. its part of an ongoing
effort to make owning and living
in our homes more comfortable
enjoyable and efficient.
The way it should be.

j*ll edommOmWns to leamoAp ebt we eont&

*2A02 Na W hw Home N utsnaen.
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The way it should be

A foundation
you can build dreams on

Doing things the same old way is not the Pulte Homes way

We construct ideal basement foundations in this community

by combining the advantages of contrmled factory

manufacturing with on-site building. As a result, we are able

to realize a number of benefits for homeowners like you.

Weather ready

Imagine building a home without delays caused by weather or temperature changes.

With our pre-cast concrete foundations, Pulte Homes offers exactly that. Because

theyre made to exacting standards in a constant and controlled environment,

our foundations can be installed rain or shine.

Formed to function

Our pre-cast foundations are pressure rated for the same tolerances as heavy-use airport

runways - 5000 psi. They provide greater strength, resist leaks and make for a warmer,

drier basement area. In other words, they offer a basement ideally suited for living.

Advantages you can see

Along with a smoother, cleaner finish than conventional-poured foundations, Pulte

Homes pre-cast walls readily accommodate additional insulation or drywall, quickly

and easily. And depending on the area, our basements may offer up to eight inches

more headroom than the industry standard, so they don't feed* like basents.

At Pulte Homes, we build on innovation. And thats important because quality

construction starts with a solid foundation.

Putte Homes is devoted to
identifying better materials an
methods that lead the industp
We develop environmentally
friendly applications and
constantly search for innovatih
next-generation ideas that
contribute greatly to the high
quality found in every home v
build. Its part of an ongoing
effort to make owning and livi
in our homes more comfortabi
enjoyable and efficient
The way it should be.
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The way It should be*
puIwtexo

Exterior Walls:
Innovative technology

creating superior structure

Finding a better way to improve an old idea sets Pulte Homes

apart Applying innovative technologies to basic structural

components, such as walls, makes our homes stronger, safer

and more energy efficient

A scientifically advanced exterior wall

The exterior walls of Pulte Homes in this community are Structural Insulated Panels (SIPs) which

consist of exterior sheathing, a foam core and interior sheathing, bonded with advanced adhesives.

Similar technology is employed to keep aircraft light enough to fly, yet strong enough to withstand

incredible levels of force.

With structural attributes similar to an 1-beam, SIPs have demonstrated their superior stiffness and

strength by withstanding the trauma of earthquakes, tornadoes and hurricanes better than homes

with conventional exterior walls. And they're more fire resistant - there is no hollow cavity in the

SIP solid insulation core, so there is no internal "air space in which fire can quickly spread.

Improved efficiency and comfort

Built in an off-site, factory-controlled environment our SIP design puts insulation in the ideal space.

Small holes are built into the foam core that serve as conduits for electrical wiring, so insulation is

not damaged during on-site wiring. This contributes to constant interior temperatures with fewer hot

or cold spots. In fact a new study by the Oak Ridge National l-aboratories (ORNL) proves that a 4-inch

SIP wall outperforms conventional 2"x 4" framing with batt insulation.Thissame energy efficiency

is good for the outside environment, too, resulting in a reduction of carbon emissions.

Strong. Reliable. Efficient These innovative exterior walls take the most fundamental building task -

creating the outside structure of your home - to a higher level of dependability and performance.

Pulte Honmes is devoted to
identifying better materials ar
methods that lead the industr
We develop environmentally
friendly applications and
constantly search for innovati
next generation ideas that
contribute greatly to the high
quality found in every home v
build. It's part of an ongoing
effort to make owning and liv
in our homes more comfortab
enjoyable and efficient.
The way it should be.
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The way it should be
putte.com

Interior Walls:
Building a better home,

from the inside out

At Pulte Homes, the same old wall just won't do. Our relentless

pursuit of quality improvement results in the kinds of innovations

that make for stronger, safer and longer-lasting construction.

Pulte Homes interior walls are a perfect example.

Steel-framed strength and longevity

Our interior walls in this community are framed with steel. The structural benefits of steel

construction are numerous. Steel-framed walls are straighter. with less twisting and bowing,

resulting in fewer unsightly nail pops. And since steel is non-combustible, our interior walls

are safer in the event of a fire.

Forest-friendly engineering

The absence of wood studs in our interior walls yields benefits for the environment, as well.

Simply put, using Iss wood saves more forests.

Walls are the most fundamental component of any home, creating structure, defining riving

space and providing comfort. The interior walls of Pulte Homes are engineered to exceed

your expectations in all of these areas.

Pulte Homes Is devoted to
Identifying better mterialS an
methods that lead the industr%
We develop environmentally
friendly applications and
constantly searh for innovath
next generation ideas that
contribute greatly to the high
quality found in every home %
build. Its part of an ongoing
effort to make owning and livi
in our homes more comfortabil
enjoyable and efficient
The way it should be.
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Ihe way it sholid be*

suite.com

nrtroducing

PuItrim"

You may not think too much about exterior trim and gutters,

but fortunately at Pulte Homes we do. With a restless

curiosity to improve the looks of your home, keep

maintenance requirements low and provide maximum strength

and durability our engineers have developed a better gutter

and exterior trim material IWs called PultrMm - and it's

available in this community.

Exterior gutters and trim that look and perform better

This innovative idea at Pulte Homes is born with a difference in mateials. Le boat hwls and

auto body parts, Pultrim is mostly fibergass. Fb ass snds are saturatei with resins heat

activated and precision formed. The benefit is a precise shape on gutters and vim that holds crisp

edges year after year. Pultrim highlights the accents on our ham, but it has functional benefits

as well. It's resistant to all kinds of weather etremes which minmias warping and sduikage.

Gutters are structurally stronger to stand up to heavy snow and ice without saging. Pultrim

is coated with a high performance paint, so, unlike wood trim, it doesn't require painting.

And it's resistant to fading and discoloration, so your home loob good as long as you own it.

Protection is another finishing touch

In the production process, Pultrim exterior trim and gutters form an inerloeking barrier that

also protects your new home from weather, wind, and warping This patent-pending process

is perfect for Pulte Homes because of the way our homes am precision frmed. And becase

we're always looking for a better way,

-I

Pufte Homes is devoted to
identifying better materials and
methods that lead the industry.
We develop environmentally
friendly applications and
constantly search for innovative,
ncxt-gencration ideas that
contribute greatly to the high
quality found in every home we
build. t's part of an ongoing
effort to make owning and living
in our homes more comfortable,
enjoyable and efficient.
The way it should be.
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